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Chapter I, On the Work of the First Day; or, On the Creation of Heaven and Earth, of Light, and of Time, drawn from sacred Genesis and according to the mind of the Fathers and the Theologians

[I.] Although it is indeed right to prefer Moses to Plato and Aristotle—so that, in scrutinizing the foundations of this World, there should shine before us rather that twin horn of divine light, by which, from the face of the Lord, the countenance of that same Moses shone, than the half-extinguished spark of profane Philosophy—nevertheless, that satisfaction may be given to all alike, we must select from each light those matters which pertain more closely to Astronomy, deliberately passing over many things the knowledge of which is of almost no concern to us for the intended purpose of this work. Of this kind are: whether the World is one, or whether several or infinitely many [worlds] now exist, or once existed, or are to exist in the future; whether it began at the beginning of time, as the Catholic Faith teaches, or whether it existed from eternity, as the Peripatetic foolishly proclaims; whether it is perfect in every respect, or further perfectible; whether it was created or produced by God alone immediately, or through Intelligences subordinate to Him; whether this whole machine of the Universe rests in some determinate part of the divine Immensity, or in some so‑called "imaginary" space, or whether rather—unknown even to us—the whole is perpetually rolled through that immensity; why this World was founded in this "virtual part," so to speak, of the divine eternity, and not in another—and other things like these, partly disputable, partly wholly foreign to the bounds of Astronomy. These matters, therefore, being passed over, we shall turn our thought and pen to other things suited to our purpose, having first premised certain points that will seem more necessary to these very questions.


[Margin: Controversies about the World that do not pertain to the Astronomer.]





Question 1

Whether, by those words—"In the beginning God created Heaven and Earth, but the Earth was void and empty"—the creation of any determinate body, made on the first day, is signified.


[Margin: Genesis 1.]



[I.] There is no doubt that by the name of "Heaven and Earth" the integrity (the whole) of this Universe is signified—at least sometimes. For so must that saying of Genesis 2 be understood, where it speaks of the day in which "God made Heaven and Earth"; and that of Exodus 31[:17], "In six days God made Heaven and Earth"; and that of Jeremiah 23[:24], "I fill Heaven and Earth"; and finally that of the Apostles' Creed, "I believe in God the Creator of Heaven and Earth." In this sense, then, certain authors hold that "Heaven and Earth"—that is, the whole World—was created by Moses['s account] "in the beginning," in such a way that the creation [described in detail] thereafter was [the same work]. According to them, Moses, summarizing the argument of God's works, did not mean to determine anything as made before the light, but set forth only in aggregate those things which he would afterward narrate as made within the six days: just as a painter might first comprehend everything together in a small panel, as it were, and then set out each thing singly. So St. Thomas (Part I, q. 68, art. 3); likewise Steuchus in his Cosmopoeia, and Paulus Burgensis; St. Chrysostom attributes the same; and, deservedly and according to the more common doctrine of the Fathers, Ascanius Martinengus in his Glossa Magna (p. 162), Pererius (bk. 1 on Genesis, p. 20), and Suárez (bk. 1, On the Work of the Six Days, ch. 2)—and he takes this from St. Augustine.

[II.] For by the conjunctive particle [and], [Moses] at once subjoins: "But the Earth was void and empty, and darkness was over the face of the deep, and the Spirit of the Lord moved over the waters." Therefore he supposes the dry land to have been already made, but void and empty; and the deep, and the waters—whether this was Chaos or something else (of which presently)—which perhaps SS. Cyril and Chrysostom meant to indicate. Wherefore, adhering to the letter, we cannot accept the opinion of Plato—who, as St. Justin noted in the Admonitorium, took from these words of Moses his doctrine of the Ideas—nor that of Philo, who says (in his On the Making of the World) that God, before all things, made in an intelligible world the Ideas of heaven and earth. For Moses did not set before the rude people Ideas scarcely intelligible [even] to the learned; nor are the divine Ideas separate from God (if they be taken formally and not objectively), nor are they anything created or made, but are from eternity connatural to God himself and identified [with him]—as, with St. Augustine, St. Thomas teaches (Part I, q. 15, art. 5) and most Theologians.


[Margin: Whether [the names signify] the Ideas of Heaven and Earth.]





Question 2

On the meaning of the word "Heaven" (Caelum) and "Firmament" among the Latins and the Hebrews.

[III.] As regards the notion of the word: "Caelum" is called in Greek ouranos (οὐρανός), because it is seen above—from horáo (ὁράω), "to see," and áno (ἄνω), "above"; or [it is derived] from the Hebrew word Or, of which we shall speak below. "Caelum" is also said [to come] from the Greek kalón (καλόν, "fair"), inasmuch as the heaven is the most beautiful of all visible things, or [from caelatura, "embossed work"], as engraved with the stars as with eminent signs—so Beda in his exposition; so Isidore (Etymol. ch. 10, and Etymol. ch. 11); so Varro, and St. Ambrose; and from the Latin "caelo," to engrave.


[Margin: Etymology of "Caelum."]



The Hebrews, and our interpreter [Jerome], because they have but one primary word for the heaven first created—namely Schamaim—do not from this possess any perceptible distinction of the heavens by which they might number them by motion. For want of this distinction we have no sensible criterion to mark off the heavens; whence the Chaldaic version and the Septuagint translators, and St. Jerome our interpreter, [render it variously]. Schamaim signifies "the heavens"; the particle He or Ha prefixed to the noun signifies a thing worthy of admiration—as when by Hasamaim he indicated those famous and stupendous bodies.


[Margin: What is "Samaim" to the Hebrews? — What is "Hasamaim"?]



So too "Hanabi" signifies the Prophet, and "Haarez" signifies the dry Earth, just as it likewise designates the Earth; "Eres" or "Erez," which signifies the Earth, dry alike, [is derived] from the root "Rus," "to run," or from "Eri," etc. Of the noun "Firmament" I shall speak more opportunely below (ch. 1, num. 2).


[Margin: What is "Eres" in Hebrew?]





Question 3

What did Moses signify, by the name of "Heaven and Earth," to have been created by God in the first instant of the World?

[IV.] It is incredible in how many—and how diverse—ways the Fathers and Doctors of the Church have understood those two names "Heaven and Earth," with which Moses begins to narrate the first creation of things, as may be seen among the authors who have composed treatises on the Hexaemeron (that is, on the work of the six days), or glosses, or postils, or commentaries, or questions on Genesis ch. 1. To report the words of all of them [would be tedious]; but most diligently of all does Ascanius Martinengus, in his Glossa Magna, set some of them forth (from num. 9 below, and at Questions 4, 5, and 6, where greater proof is needed). But in this question, lest we be too prolix on account of the many interpretations, it will suffice to indicate where the words of the authors may be sought:


	[1st interpretation.] First, then, by those names some understood the Ideas of Heaven and Earth—the "intelligible" of Plato—when they read those words in Genesis ch. 1 and compared them with the words of Exodus 25 and 26, by which God showed Moses on the mountain the exemplar of the Tabernacle: so attests St. Justin in the Admonitorium.

	[2nd interpretation.] Secondly, some understood the formless matter from which Heaven and Earth could be [made]—that is, what was Heaven and Earth in potency, not in act: so St. Augustine (bk. 1 On Genesis against the Manichees ch. 7; On Genesis to the Letter, Imperfect [Work] ch. 4; bk. 1 On Genesis to the Letter ch. 14; and Confessions bk. 12 ch. 10); St. Gregory of Nyssa in his Hexaemeron; Hugh of St.‑Cher in his postils; and Alcuin (question 28)—following St. Augustine in that ch. 14, [holding] that this matter had its origin not prior in time to the forms, but [by nature]; and I shall show this in Question 5.

	[3rd interpretation.] Thirdly, some understood by the name "Heaven" the matter not only of corporeal but also of spiritual things: so St. Augustine (bk. 1 On Genesis to the Letter ch. 1); Origen (homily 1 on Genesis); Beda (on ch. 1, and in his Questions on Genesis); Strabo in the Glossa Ordinaria; Eucherius (bk. 1 of Commentaries on Genesis ch. 1); the Master [Peter Lombard] (Sentences bk. 1, dist. 12); and Hugh of St.‑Victor (bk. 1 On the Sacraments, part 1, ch. 1); likewise Hugh of St.‑Cher in his postils.

	[4th interpretation.] Fourthly, [some] taught that by the name "Heaven" may be understood the created nature that is invisible and intelligible, and by the name "Earth" the visible, corporeal, and sensible nature: so St. Augustine (bk. 1 On Genesis to the Letter ch. 1; the Imperfect [Work] ch. 3; and bk. 11 of the City of God ch. 33); St. Ambrose (bk. 2 On Abraham ch. 8); and St. Anselm of Laon in the Glossa Interlinearis.

	[5th interpretation.] Fifthly, some, as if explaining the preceding, [understood] by the name "Heaven" the perfect Angels (whether naturally or supernaturally so), and by the name "Earth" the imperfect matter of bodies: so St. Augustine (bk. 1 On Genesis to the Letter chs. 1 and 3); Albertus Magnus (part 1 of the Summa); Strabo in the Glossa Ordinaria; and St. Gregory the Great (in his commentaries on Ezekiel, and homily 27 [?]). But St. Augustine understands the Angels as already blessed, whereas St. Gregory [understands them] as not yet blessed; for he understands them under the name "Firmament" [only] once they have been confirmed in grace and beatitude.




[Margins: 1st through 5th Interpretation.]



[V.]


	[6th interpretation.] Sixthly, some, under the name "Heaven," understood the firm Empyrean and the Angels; but under the name "Earth," the matter of the Elements under one common form of corporeity—that is, the undistinguished elements: so St. Bonaventure (Sentences bk. 2, dist. 12); Lyranus in his postils; and Tostatus (on Genesis ch. 1), ascribing the same to Strabo and Beda; and [Ambrosius] Catharinus in his exposition of Genesis ch. 1.

	[7th interpretation.] Seventhly, some [understand] by the name "Heaven" the Empyrean indeed with the Angels, but by the name "Earth" the elements actually constituted under their forms, though confused: so Junilius in his Hexaemeron; Hugh of St.‑Victor (Sentences, tract 12, ch. 1); Rupert the Abbot (bk. 1 on Genesis ch. 18); William of Paris (part 1 On the Universe, pp. 3–40); Alexander of Hales (part 1 of the Summa, q. 4, member 1); Comestor (at the beginning of his History); Strabo in the Glossa Ordinaria; [an author] On the Work of the Six Days (disputation 2); Salianus (in his Apparatus to the Annals, chs. 8 and 11); and our Fernandus (on Genesis ch. 1, sect. 1). But Hugh of St.‑Victor understands the four elements as undistinguished and extended up to the Empyrean at the beginning of the World; Junilius, the four elements as being within the earth, with air and fire; Comestor, the four elements [gathered] under the name "Earth"; so too Rupert, the Parisian, the Halensian [Alexander], Molina, Salianus, and Fernandus, insofar as [they take] only the elements [to be] the dry land and the waters.

	[8th interpretation.] Eighthly, some [understood] the Angels by the name "Heaven," and the elements actually confused into one Chaos by the name "Earth"—which the Master [Peter Lombard] (Sentences bk. 2, dist. 12) indicates yet does not reject.

	[9th interpretation.] Ninthly, some comprehended, by the name "Heaven," all the heavens with the Angels (i.e. all the higher things), and by the name "Earth" all the lower and palpable things: so St. Augustine (On Genesis to the Letter, Imperfect [Work] ch. 2); Anastasius Sinaita (bk. 1 of Commentaries on the Hexaemeron); Petrus Riga (in the Aurora Mundi); and Peter Comestor (in the Scholastic History, on Genesis ch. 1).

	[10th interpretation.] Tenthly, that by the name "Heaven" may be understood all the heavens with the Angels, and under the name "Earth" the elements in act with their forms: so hold Gennadius, Acacius, and Caietanus (on Genesis ch. 1), and Hamerus and Lyranus in the same place.

	[11th interpretation.] Eleventhly, [some hold] by the name "Heaven" the Empyrean and all the heavens with the Angels—indeed fire and air [as well]—but by the name "Earth" the dry land and water: so Lippomanus in the Catena on Genesis.

	[12th interpretation.] Twelfthly, Albertus Magnus (part 1 of the Summa, q. 4) insinuates that by the name "Heaven" [is taken] either the Empyrean alone or all the heavens, and by the name "Earth" the formless matter, or the elements.

	[13th interpretation.] Thirteenthly, [some] hold that by the name "Heaven" is taken the highest Heaven, and by the name "Earth" the elements actually formed: so [Gennadius]; St. Basil (homily 1 on the Hexaemeron); Ambrose (bk. 1 on the Hexaemeron ch. 6); and Damascene (bk. 2 On the Faith, chs. 5, 6, 10).

	[14th interpretation.] Fourteenthly, by the name "Heaven" all the heavens, the Empyrean not excluded, and all the higher things which are above the concave of the Moon (the stars excepted); and by the name "Earth" all simple bodies—i.e. the lower or sublunary things, the four elements: so understood St. Augustine (bk. 1 On Genesis to the Letter ch. 1, and in his Questions on Genesis, q. 106 on "Earth"); St. Athanasius (bk. On the Incarnation of the Word); Hamerus (with many Rabbis, in his commentary on Genesis); Lyranus and Tostatus in their first exposition; Comestor (ch. 1 of the Scholastic History on Genesis); the Glossa Interlinearis; Hugh of St.‑Cher in his postils; Henry [of Ghent] (Quodlibet 6, last question); Pererius (bk. 1 on Genesis, p. 31 ff.); and Hamerus (q. 2 On the Heaven, and vol. 1 of the Summa of Theology, disp. 6, q. 2, dub. 2), adding with St. Thomas that under the name "water" the Empyrean is comprehended.

	[15th interpretation.] Fifteenthly, by the name "Heaven" whatever is above us—including the Empyrean, ethereal, and aerial heaven—and by the name "Earth" whatever is below us, i.e. the elements of water and earth: so take Lactantius (on Genesis ch. 1); Steuchus in the Cosmopoeia; [Lippomanus] on Genesis (lecture 3); and Suárez (On the Work of the Six Days, bk. 1, chs. 3–9).

	[16th interpretation.] Sixteenthly, by the name "Heaven" taken for the fourth element [fire], and by the name "Earth" the [other] three elements—yet so that water and air were at the same time confused and intermixed—Innocent III understood [it], in his fifth penitential [sermon].

	[17th interpretation.] Seventeenthly, in the contrary manner: by the name "Heaven" the three higher elements, confused together as the matter from which the heaven [arose] afterward; and by the name "Earth" the lowest of the elements, the dry land: so Strabo in the Glossa Ordinaria; Hugh (in his Admonitions on Genesis ch. 1, and bk. 1 On the Sacraments ch. 6); and Richard [of St.‑Victor] (in the Book of Exceptions, ch. 7).

	[18th interpretation.] Finally, eighteenthly, that by the name "Heaven" [may be understood] the two higher elements, fire and air, and by the name "Earth" the two lower, water and earth: Hugh of St.‑Cher admits [this] in his postils.




[Margins: 6th through 18th Interpretation; nos. 8 and 9 are also marked "Opinion."]



With these things surveyed, scarcely anything could be devised that has not had some patron—even though the Fathers who understood the Angels by the name "Heaven" spoke in a mystical sense, or by taking the thing contained under the name of the container. It now pleases [me] to aid the reader's memory by reducing the preceding opinions summarily into one conspectus, distributing on the one side what they understood by "Heaven," and on the other what by "Earth":

Table — The Order of the Interpretations: what is understood by "HEAVEN" and by "EARTH"




	№
	By HEAVEN
	By EARTH





	1
	The Idea of Heaven
	The Idea of Earth



	2
	The formless matter of Heaven
	The formless matter of Earth



	3
	The formless matter of spiritual things
	The matter of corporeal things



	4
	The spiritual nature (invisible & intelligible)
	The corporeal nature (visible & sensible)



	5
	The perfect Angels
	The imperfect matter of bodies



	6
	The Empyrean with the Angels
	Matter under the form of corporeity



	7
	The Empyrean with the Angels
	The elements actually formed



	8
	The Angels
	The elements confused in Chaos



	9
	All the heavens with the Angels (all higher things)
	All lower things beneath the Moon



	10
	All the heavens with the Angels
	All the elements in act



	11
	All the heavens, with the Empyrean & Angels, & with Fire & air
	The dry land with water



	12
	The Empyrean, or all the heavens
	Formless matter



	13
	The highest Heaven
	The elements actually formed



	14
	All the heavens
	All the elements actually formed



	15
	All the heavens, with ether & air
	The dry land with water



	16
	Heaven taken for the fourth element [fire]
	The dry land with air & water



	17
	Fire, air, and water mixed together
	The dry land alone



	18
	Fire & Air
	The dry land & Water





(The marginal notes label these "1st through 18th Interpretation"; nos. 8 and 9 are also marked "Opinion." Riccioli notes he has reduced the many opinions into one conspectus "to aid the reader's memory," distributing on the one hand what is understood by "Heaven," on the other what is understood by "Earth.")



Our Opinion

[V.] Although under the title of this question several questions may be included—namely, what God created in the first instant of this World; what indeed, and by what persons, and for what reason, Moses willed [these things] by his words; and whether the Holy Spirit, through Moses, meant to signify [it] as created by God in that very first beginning—nevertheless, by one single conclusion we shall respond to them summarily, and then, by expounding and confirming it, [we shall settle them]. The matters of this kind [are these]:

Conclusion

[VI.] In the first instant of the World, God, the Best and Greatest, created the Empyrean Heaven with the Angels, and all the [celestial] bodies down to the sidereal [region]; and likewise all the Elements with their first qualities and forms, in that order, position, and arrangement which the substantial qualities or forms required; but the rest [were made] afterward, by means of secondary qualities or substantial forms [introduced] in the works of the following days. This is what Moses and the Holy Spirit willed to signify, though not all to all men, nor in the same way, nor under one mode.


[Margins: 1st Postulate; 2nd Postulate; 3rd Postulate; 4th Postulate.]



[The four Postulates premised to the Conclusion:]


	
First Postulate. First, it is to be supposed (or granted by good right) that the properties of the literal sense are to be sought, the mystical or tropological sense not excluded; for, by the rule of St. Augustine and St. Gregory the Pope, and afterward of the common Theologians, whenever the literal sense does not manifestly involve a repugnance, [Scripture's words] should always be taken according to their proper and least figurative signification; one may then build other tropological, mystical, or anagogical and allegorical interpretations upon it. If this holds in sacred Scripture generally to be observed, much more in this sacred [book] of Genesis, where Moses bears the part of a Historian, and therefore the literal and historical sense must be accepted in the things narrated.



	
Second Postulate. Secondly, it is supposed that Moses, writing for execution [i.e., for a practical, instructional end], proposed in fact the order of the things created, suited to the rude Hebrew people, not such as to demand the greatest attention; for he was writing as a Historian, and the things must be known and believed as set forth, since they are received from sacred [authority]; nor is the integrity of the History thereby diminished.



	
Third Postulate. Thirdly, it is not to be supposed that the order of the things narrated under the names "Heaven and Earth" is so [strict] that one must not inquire about the times [intervals] of the [creations]; for the first period of the narration is not completed until "But the Earth was void and empty" is added, [as] the careful reader will note. Among the Hebrews, the particle [waw, "and"] sometimes signifies a continuation, [and so the sense runs] as one continuous account: "In the beginning God created Heaven and Earth; but the Earth was void and empty, and darkness was over the face of the deep, and the Spirit of God was borne over the waters."



	
Fourth Postulate. Fourthly, the Integrity of the Mosaic History neither requires nor demands, without evident necessity, that it be said that Moses was deficient or fell short; therefore in no [way should we suppose a defect].







(Pages 197–198 / Questions on the further senses of the names — "Heaven" taken for the Air or Ether, and "the Earth was void and empty," "invisible and unformed," i.e. formless matter — continue below.)

"And the Air is signified by the name of Heaven"

[IX.] I have said that by the name "Heaven" the Air, or Ether (or even Fire, if [it] be granted), is signified—not only among the learned, but also among the unlearned—by reason of the likeness in transparency and rarity; for the common people do not distinguish within that whole most tenuous substance which extends from the surface of the earth and the sea up to the outermost blue heaven. And therefore in Genesis 7[:11] the clouds are called "the cataracts [floodgates] of heaven"; and in Psalm 8[:8], "the birds of heaven and the fishes of the sea"—how familiar this is to sacred Scripture we shall presently show with St. Damascene. Moreover the heaven is said to be "opened" when it rains, and "shut" when it does not rain (Leviticus 26[:19]; Deuteronomy 28[:23]; 3 Kings 8[:35]; 2 Paralipomenon 6[:26]; Luke 4[:25]); and that fire and brimstone "rained from heaven" (Luke 17[:29]); and that the heaven is "lowering" or "ruddy" (Matthew 16[:2–3]; Luke 12[:54–55]); and "the way of an eagle in the heaven" (Proverbs 30[:19]). Wherefore St. Augustine, explaining this passage of Genesis according to the letter (bk. 1 On Genesis to the Letter, ch. 1), says: "It must by no means be supposed that this element of our world has been passed over in this Scripture; but it is understood to pertain either to 'Heaven'—if there are in its parts the most tranquil and peaceful spaces—or to the 'Earth,' on account of this turbulent and murky region [of lower air], which grows thick with moist exhalation, although it too is more often called by the name 'Heaven.'"


[Margins: The Air [signified] by the name of Heaven, frequently; The Air, which [is signified] by the name of Earth.]



There is also the well-known division of Heaven into the first (i.e. the aerial), the second (the sidereal), and the third (the Empyrean)—of which we shall speak, from Anastasius Sinaita and St. Damascene, below at Question 6, num. 15. For now it suffices [to cite] from Anastasius those words (1st Hexaemeron): "When you hear that Paul was caught up to the third heaven, think the third heaven to be..."; and St. Damascene (bk. 2 On the Faith, ch. 8): "Often it is the custom of Scripture to call the air too 'heaven,' inasmuch as it is seen above; [it says] 'the birds of heaven,' and in this place takes 'heaven' for the air." For "the birds of heaven" are so called in Job 28[:21] and 35[:11], Psalm 8[:9] and 103[:12], Jeremiah 7[:33] and 8[:7], Ezekiel 38[:20], Daniel 3 and 4[:9], and Hosea 2[:18] and 4[:3]; as the Saviour himself [says], more than once (Matthew 8[:20], Luke 9[:58]): "the foxes have holes, and the birds of heaven nests"; and (Matthew 13[:32], Mark 4[:32], Luke 13[:19]): "so that the birds of heaven come and dwell in its branches." And so St. Thomas (Part I, q. 66, art. 1): "Under [the name] 'heaven,'" he says, "the air too is included—indeed fire also," according to the opinion of Alexander of Hales (bk. 2 of the Summa, q. 4): "'Heaven,' that is, fire, [is] heaven too; and the air also, for there is an aerial heaven"; with whom Caietanus agrees (Commentary on Genesis ch. 1), [taking] all the higher [things] as heaven.

And this usage is not [merely] recent. For more anciently Plato (in the Phaedo) [held] that the air is called "heaven" by us; so Homer (Iliad 1, as Eustathius notes), Aristophanes (in the Clouds), and Callimachus. The Latins too take [it] for "heaven," as do the Latin poets everywhere: Lucretius (bk. 4), "They are set in this heaven which is called air"; Virgil (Aeneid 5): "Great-souled Aeneas, not though Jupiter himself should pledge it to me, would I hope to reach Italy [from] this heaven [sky]"; and (Aeneid 6): "daring on swift wings to trust himself to the heaven [sky]."

"But the Earth was void and empty" (inanis et vacua)

[X.] Where the Latin has inanis et vacua ("void and empty"), the Hebrew has Tohu va-Bohu, that is, "emptiness and vacuity"; thus the interpreters render it variously: Aquila, "vanity and nothing"; Symmachus, "idle and undistinguished"; Theodotion, "void and nothing"; Pagnino, "desolate and empty"; the Catena, Lyranus, and Steuchus, "inane and vacant"; Jonathan [the Targum], "void and waste." Caietanus, an erudite Hebraist, reads it "void and waste." Thus the Earth was such that it would have seemed void—because it was made [for now] to be inhabited by animals (Isaiah 45, "Not in vain did He create it"); but at that time it was not yet so inhabited or formed (Isaiah 45, 49). And so the Earth is said to be "empty," not only as uncultivated, but as void of all those things with which it is now adorned—stones, plants, herbs, fish—so that it had nothing of its own outward covering, nor anything as yet of its own surface beauty.

And this is what Christ said (Matthew 23[:15]): "You traverse the sea and the dry land." Those words, "he called the dry [land] Earth," are thus to be understood: that which was "dry" he called "Earth," just as he called the gathering of the waters "seas." So too in the Hebrew words; for the ancient Hebrew has Iabbasa with the article He: Vaikra Elohim la-iabbasa erez—where the Chaldaic, Pagnino, Vatablus, and the Vulgate render "and God called the dry [land] Earth," and the Septuagint kaì ekálesen ho theòs tḕn xēràn gē̂n; although certain Hebrews render the perfect for the pluperfect, "He had called." Caietanus and Lippomanus (in the Catena) teach that the Lamed, prefixed through the middle of the article to the noun Iabbasa, [is taken] distributively and accusatively, so that it could be rendered "and [God] imposed the name on the dry earth"; and "note," says Caietanus, "that siccum ['dry'] was what was named, and terra ['earth'] is the name." Tertullian indeed [says], in his poem on Genesis: "the dry [land] would presently rather come into use by nature."

And in those words too, "and let the dry [land] appear," the noun "dry" (arida) must be taken substantively, not adjectivally; for [if adjectival] it would mean "dried and parched," but [the earth] did not yet appear dried or parched—rather, when the water did not appear, the dry [land] appeared, that is, [the earth] to be uncovered of the waters. So, in the first place, understand Basil, Ambrose, Chrysostom, Cyril, Damascene, Theodoret, and very many Fathers and interpreters—this being the primary sense; for secondarily it can be understood quasi-adjectivally, [as] dried and parched on the surface, and made firmer and more solid by God (not by the Sun), and apt for germinating, [made] fit to sustain plants and for germination—so that at the first instant it was created entirely dry.

For although at the first instant the waters were [held] within it, afterward—up to the third day—by the dryness drawing up the moisture, and the upper parts of the earth nearest [the surface] drinking in the waters in the manner of a sponge (God [the while] making the Earth), [the earth], naturally from that contact, little by little drank up the waters as to its upper parts, so that its skin became muddy and marshy. Therefore God commanded the waters to be gathered into one place—that is, [with] the surface of the earth dried, and the receptacle of the sea and the deep lying hidden in the depth of the earth—so that yet by the same motion he drew out, or extracted (or, through the Angels, a great part of [the waters]), that which had penetrated the skin of the earth and had rendered it muddy and stagnant like a marsh. For it is one thing to consider the Earth at the first instant of creation, another after that instant up to the third day's separation, and another after the separation of the waters: at the first instant [it was] not simply dry, but immediately after [creation] drenched with abundance, and through the two intervening days more and more inebriated with the infused waters; but after the separation it received indeed a greater abundance of waters within [its] channels and subterranean cavities, while on the surface and skin less water remained than before. And of this second [state], not of the first, must the Fathers and interpreters be understood who held that water was mixed with the earth: as St. Gregory of Nyssa (book On the History of the Six Days), [that] the earth, dry of itself, had to gather and collect the coerced water [pressed out] from its own moisture; and St. John Chrysostom (homily 1 on Genesis): "For because the earth sat among the waters, all its surface and skin was filled with waters"; and Junilius (Hexaemeron): "and the earth, which lay muddy and weak, covered with waters, when these were cut off would be made dry and fit to receive the seeds"; so I understand Hugh of St.-Victor (bk. 1 On the Sacraments, tr. 1, ch. 1), saying of the earth that it was "at first slimy and slippery and bare, as having not yet put forth any shoots"; and St. Basil (homily 1 on the Hexaemeron), who calls the Earth—before it appeared uncovered of the waters—"unformed," and "not composed" while [it was] muddy or slippery, calling it "defiled."

[The waters were gathered] not [from] the common [surface] only, but whatever of the waters was anywhere in the depth of the earth was separated—saving that particle which was required for the earth's fertility. Be it that Philo (book On the Making of the World) said, whether from his own opinion or by way of exaggeration: "After the matter had been diffused through the whole earth and had penetrated all its parts—just as a sponge drinks in moisture, so that, like a kind of marsh, it was steeped and confounded out of each element, and in a manner fermented into one undivided and formless nature—God commands whatever of the waters was salt, and hostile to the fertility of the crops and trees, to flow together into one out of all the openings of the earth; and then the dry [land] to emerge, the sweet moisture being left in it for its perpetuity." For if God had not so created those two elements [already] mixed, but [if] by the water's moistening and the earth's drinking the water they had mingled, how could the water in the space of two days penetrate through the whole depth of the earth, which is more than 4000 Italian miles? But Philo also errs in [holding] the water to have been salt before the third day; for the saltness was afterward put into the Sea, made or increased by the Sun's scorching. Let it stand, then, that at the first instant the Earth was entirely dry.

But you will say: why then was it called by God "Earth"—in Hebrew Eres or Erez? Is not this name from the root Rus, which is "to rush [down]," and so indicates the Earth as, [as it were,] a heap of sand apt to fall downward? I answer that it is called from Rus: first, because of itself, so far as in it lies, it tends downward by gravity, [its] part [resting] beneath the lighter element; then, because afterward, on the third day, part of it was by God [heaped up]—part of it, when it lay in the cavities of the Seas, heaped into mountains; then, because a great part of it was to be dug up by plowing, or [because] stones, metals, and the foundations of buildings were to be dug out [of it]. You will say, then: why, in speaking of that first instant, did Moses use the name "Earth" rather than "dry land"? I answer that he did so most prudently, because by two names he wished to set before [us] the creation [wrought by] God's workmanship, created at that instant; for had he said "Heaven and Dry-land," he would by no means have comprehended all things; so, to comprehend Earth and water [together], he used rather that name ["Earth"], [reserving] the name "dry land," which he imposed on the third day—namely when [the Earth] received the waters within itself.


[Margins: "The Earth was void"—in what way?; Why is the Earth said [to be named] from Rus or "to be dug out"?; Why did Moses use the name "Earth" rather than "dry land"?]



But lest anyone should take from this an occasion of error, [Moses] at once, as if correcting or explaining the name "Earth," [added] "But the Earth was void and empty," that he might distinguish its nature separately from the water (presently to be named).

What "the Earth was Invisible and Unformed," i.e. formless matter

[XI.] Since indeed Theodoret (Question 1 on Genesis, on this passage of the names inanis et vacua) reads "invisible and unformed," inasmuch as the Septuagint interpreters, who rendered "aóratos kai akataskeúastos" (ἀόρατος καὶ ἀκατασκεύαστος, "invisible and unprepared"), translate the Hebrew Tohu va-Bohu by "invisible and unformed, not yet prepared"—hence Wisdom 11[:18] says God created the world "from formless matter" (ἐξ ἀμόρφου ὕλης); and St. Augustine reads (on Genesis to the letter, ch. 1, and in Confessions) [that] God created "invisible and unformed matter," that is, matter without any form, or as it were under a confusion of the corporeal mass, before it was distinguished by the times [days] of the elements—from which afterward, by [the introduction of] forms, all things were established by [their proper] natures, as is treated in the question above. Therefore, "the Earth was invisible and unformed," i.e. formless [matter], without [definite] kinds, etc.—as St. Thomas notes (Part I, q. 66, art. 1); after St. Augustine (bk. 1 on Genesis to the letter). Yet [St. Augustine] says that "matter" must not be understood to have existed before [in] time, but [only] in origin or by nature; the [formless] state precedes [the formed] not in time, but by nature—just as the sound [precedes] the song; St. Augustine adds (against the adversaries who repugn), as do St. Basil, St. Chrysostom, and St. Ambrose, who call it "unformed"; and he subjoins: certain holy authors take "unformed matter" to mean not [matter] formed in [actual] kind, but [matter] which excludes every [definite] form—a matter which, according to them, excludes the formation already made in the creature, i.e. corporeal [form]; for thus appears in the creature an unformed matter, and according to this is said the formless matter; for [the holy doctors] say this matter was the principle of visible and formed things—that is, of mixed things, especially of herbs and plants; for it was invisible not of itself, but by accident, inasmuch as ...

(The discussion of formless matter continues on the following pages.)



[XI. — continued] ...for the water was covered round about by water; and, moreover, [the holy doctors] teach this in the plainest and clearest words: SS. Basil (homily 2 on the Hexaemeron), Ambrose (bk. 1 on the Hexaemeron ch. 7), Augustine (bk. 1 On Genesis to the Letter ch. 13, and q. 106 on both Testaments; likewise bk. 2 On Time), Athanasius (q. 80 of the Old Testament), and likewise Severianus, Procopius, and Theodoret in the same place (q. 10). But SS. Basil and Ambrose add that [the Earth] was also inundated for this reason—that there was as yet no man to behold it, or for whose sake God might furnish it; and Procopius [adds] that it was not yet a sight worthy [to be seen], since it was stripped of every adornment. It is called "unformed and void" because it was not yet separated from the waters, not yet prepared for cultivation, not yet clothed with shoots and other forms—as the same authors hand down (cited in Martinengus, Glossa Magna, p. 339 ff.). And [the Earth] is said to be "empty," as it were, because it lacked fish and birds—though these animals do at last rest and nest upon the land and at the bottom of the sea and rivers, and so pertain to the earth; and the dry land contains in itself many more adornments than water and air. Therefore it was enough for Moses to say that the Earth was "void and empty," so that thereby it might be understood also of those two elements [air and water]; for he speaks of their emptiness, and of that of the heaven and the stars, and was about presently to say that darkness was over the face of the deep—which must now be expounded.



"And darkness was upon the face of the Deep"

[XII.] "Darkness" is called in Hebrew Veh-bsch or Choseh, but in the singular number; and the Latins would have, and could say, tenebra ("darkness"), and "upon the face [there was] darkness"; and "Deep" [is] Thehom or Theehob. The Greek edition of the Seventy renders it epì skótos epáno tês abýssou (ἐπὶ σκότος ἐπάνω τῆς ἀβύσσου), that is, "and darkness over the deep." The Chaldaic version here adheres to the Hebrew reading: "And darkness upon the face of the deep." But in the Royal Bibles it reads: "And darkness upon the deep." The Lusitanians and Caietanus [have]: "Obscurity upon the surface of the deep." Pagninus and Vatablus: "Darkness was upon the surface of the abyss." Caietanus, moreover, says that this is not again the phrase "void and empty," but conveys the same as what was set down before in the Hebrew: "But the Earth was void and empty, and darkness or obscurity was upon the face."

[XIII.] "But the Earth was void and empty, and darkness [was] upon the face of the deep." By this "darkness," primarily, is signified [the absence] of the stars in the heaven and of light throughout that whole diaphanous body which was above the waters—namely in the air, the ether, and the heaven—because that body was and is simply diaphanous, and so that "darkness" was its subject; for water, although it lacked light, was not simply diaphanous, and therefore "darkness" is said to have been upon the surface of the deep, but not in its depth. Hence it is deduced that by "darkness" is understood not [merely the absence of] light, but [a thing that] connotes and signifies its subject deprived [of light]; so that in another way too this subject—that whole diaphanous [body] which is above earth and water—was meant, even though it had been expressed once already by the name "heaven." Rightly therefore did St. Thomas (bk. 1 on Genesis ch. 8) say: "especially since by the darkness which was over the face of the deep is understood the neighbouring air, while as yet no light shone from above." And so Procopius (on Genesis) rightly holds that it is designated by the name "darkness"; "darkness is nothing of itself, but [comes about] through the water's not yet being illuminated, nor having the presence of light; for air is receptive of light." St. Ambrose: "There was darkness, because the air itself is dark"; and Comestor (ch. 1 of the Scholastic History), the Master [Peter Lombard] (bk. 2, dist. 12), and others understood the darkened air, deprived of light. But Caietanus (on Genesis) [holds] that another diaphanous [thing], which was the [subject] of this darkness, was the deep. And Suárez afterwards read (bk. 1 On the Work of the Six Days ch. 7) that by "darkness" is understood the air, the proper subject of light—not yet fire, since he himself supposes fire to shine naturally; but even if [the air] had had light, by reason of its extreme rarity it would not have been seen, nor would it have illumined the waters or any other surface of the water. Against this, however, Rabbi Moses (in Hamerus) says that by the name "darkness" is signified either fire itself—because of itself, in its proper sphere, it does not shine—which he attempts to confirm from the fact that Moses the Lawgiver, in Exodus, when he had said, "You heard his words out of the fire," a little after said: "You heard his voice out of the darkness."

Rightly, then, did St. Thomas (Part I, q. 66, art. 1) judge the interpretation of Rabbi Salomon [Rashi] to be forced. And Hugh of St.-Victor (bk. 1 On the Sacraments, part 1) and Richard [of St.-Victor] (bk. 2 of the Exceptions) call "darkness" the three higher elements confused together in the manner of a mist, and [say] that by their proper name these signified the impenetrable depth of the waters, as St. Basil says (homily 1 on the Hexaemeron).

What does "the Deep" (abyssus) signify? "Copious water, to whose bottom one cannot easily penetrate downward"—so Eucherius ascribes [it] (bk. 1, ch. 1, on Genesis). "The Deeps are whatever depths of waters are [so] called"—St. Augustine (on Psalm 41). "The Deep is a certain impenetrable depth, and is most often said of an infinity of waters"—St. Augustine (bk. 12 Against Faustus, ch. 11). "The Deep is an inestimable depth of waters"; and in exactly the same way define "the Deep": Theophilus of Antioch (bk. 2 To Autolycus), Junilius and Procopius on Genesis, St. Damascene (bk. 2 On the Faith, ch. 9), St. Isidore (bk. 13 of the Etymologies), Rupert (bk. 1 on Genesis ch. 7), William of Paris (part 1 On the Universe, ch. 34), and Caietanus (on Genesis ch. 1)—although [Caietanus] a little after extends [it] to all diaphanous bodies, as does Vielmus too (lecture 8), saying that by the name "Deep" can be understood the heavens and all the transparent elements together with their depth. But St. Ambrose (bk. 1 Hexaemeron ch. 8) notes [a use referring] the waters to the void: that the swine, driven by the demons, were hurled headlong into the [deep]; so that, although the demons shrank back—when they begged Christ that they might not go into the abyss—yet they ran into [it]. And Suidas (in Hamerus's rendering), explaining the words of Psalm 103[:6], "the Deep like a garment is his clothing"—that is, the air—thus calls the air the "clothing" of the deep, since it covers it as [it covers] the great depths of waters. Figuratively too the word is transferred to signify the depth of any chasm whatever—e.g. of the underworld—and an abstruse profundity, such as the depth of sins, and the scarcely-intelligible [depth], such as that of formless matter; as Martinengus teaches (from St. Augustine, Eucherius, Caietanus, Lyranus, Tostatus, and others) in his Glossa Magna (p. 555). The interpreters of Psalm 41[:8] may also be consulted, on those words, "deep calleth unto deep."


[Margin: What is the "Deep" (abyssus)?]





"And the Spirit of the Lord moved over the waters"

[XIV.] In Hebrew it stands Veruah Elohim merachephet al pene hamaim, that is, "the Spirit of the Lord moved itself over the face of the waters"; and the Septuagint, kaì pneûma theoû epephéreto epáno toû hýdatos (καὶ πνεῦμα θεοῦ ἐπεφέρετο ἐπάνω τοῦ ὕδατος), "and the Spirit of God was borne over the water." The noun Veruah signifies in Hebrew both "wind" and "spirit." Wherefore in this place there may be understood the wind, the air, and the ether—to whose tenuity and mobility the wind is most like; and by the same noun the heaven too may be signified. Indeed, by the pure name "spirit" may be understood that whole body which, besides fire and air, embraced the heavens also—because, by reason of its tenuity, being as yet bounded by no opaque body, [the heavens] were [in]visible. For the heaven which is said to have been made on the second day, and called the "firmament," was consolidated out of water, and above it, and below the Empyrean, was made visible, and is everywhere acknowledged as such by the Fathers and distinguished from the Empyrean (invisible to us)—as I shall show in Questions 6 and 8. Therefore those "darknesses" were then invisible not only by defect of light but also of opacity, and were in a manner spiritual.

But, restricting this name [in the contrary direction], Pliny says (bk. 2 ch. 5): "Nor do I see any doubt concerning the elements, that there are four: the highest, fire, whence come the eyes of so many shining stars; next, the spirit, which the Greeks call by the same word, aer ['air'], life-giving and pervading all things, binding [the whole together]; by whose force, suspended together with the fourth element, water, the earth is balanced in the middle space." Indeed, sacred Scripture too signifies by this name the Spirit of the Lord, by the common [judgment] of the interpreters—as it is said (Ps. 147): "His spirit shall blow, and the waters shall flow"; and (Ps. 148) "fire, hail, snow, ice, the spirit of storms, which do his word"; and (Isa. 40) "the grass is dried up and the flower is fallen, because the spirit of the Lord hath blown upon it"; and [so] Isaiah [elsewhere].


[Margin: Air and Ether [signified] by the name "Spirit."]



(continued, printed p. 200): ...so Isaiah 49, "like a violent river which the spirit of the Lord drives on"; and Psalm 47[:8], "with a vehement wind thou shalt break the ships of Tharsis." Finally, at 3 Kings 19, where—when a vehement wind indicated Elijah's excess, and the opposed whisper of a thin breeze tempered [it] for Elijah more manifestly—it is said: "a great and strong spirit overthrowing the mountains and breaking the rocks before the Lord; the Lord [was] not in the spirit," etc., "and after the fire a whistling of a thin breeze." And these words, "and the Spirit of the Lord moved over the waters," must (they affirm) be understood, with respect to the air, according to the property of the letter: so Tertullian (Against Hermogenes chs. 31, 32), Origen (bk. 1 Peri Archon ch. 3), Theodoret (q. 8 on Genesis), Diodorus of Tarsus, Procopius, the Abulensis [Tostatus], Oleaster, Pererius, and Ludovicus Stella on Genesis; Vázquez (on the First Part, disp. 108, ch. 1); Suárez (bk. 1 On the Work of the Six Days ch. 7). Indeed St. Augustine too admitted the same (On Genesis to the Letter, Imperfect [Work], ch. 4), saying: "A third opinion about this 'spirit' can arise, that by the name 'spirit'—when the elements are enumerated—the four elements are signified, of which this World is seen to arise: namely Heaven, Earth, Water, and Air." And Anastasius Sinaita (bk. 1 of the Hexaemeron), [setting] this exposition first, subjoins: "This is the more fitting [sense] of the Mosaic letter." So too St. Athanasius prefers it (q. 81, which is the second of the Old Testament).


[Margins: What and how did Plato understand [this]?; Other interpretations of "the Spirit of the Lord [moving] over the waters."]



But Plato, reading the history of Moses—and not attaining the mystical [sense], [namely] the Holy Spirit, whom he knew not—understood the same, with regard to the literal sense, as Rupert the Abbot reports (bk. 1 on Genesis ch. 8); for he says: "This love was the goodness of the Creator, which is the Holy Spirit, whom Plato knew not when, reading this Scripture, he supposed the 'Spirit of the world,' that is, the air, which according to the order of the elements stands above the water; and because by 'Heaven' too the same was meant in 'In the beginning God created Heaven and Earth,' he supposed that only four elements—namely fire, earth, air, and water—were here enumerated." Rabbi Moses likewise understood it [so], being skilled in the truth of the Hebrew tongue, as he attests (bk. 2 ch. 30): on the Genesis words "and darkness was over the face of the deep, and the Spirit of the Lord," etc., that Rabbi said: "These names too were the elements, according to the order of their natural position: for first he set the earth, and above it the water, above which is the air, over which fire is set on high." That fire too is comprehended under the name "spirit"—as also in that heavenly [psalm, on the Sun]: "running over all things (in its circuit the spirit goes forth)"—Abenezra affirms; [so also] David [the commentator], and Vallesius (On Sacred Philosophy, ch. 1); nor does Pineda dissent there. But by the name "spirit" Hippocrates (in his book On Breaths) and Aristotle (Meteorology bk. 1, ch. 4) understood fire too.

[XIV.] Nor does it stand in the way that those words, "the Spirit of the Lord," were understood otherwise by many Fathers. For of the Angels moving the heavens Caietanus understood [it], with Procopius; but of God moving the heavens, Aegidius [of Rome] (on [the Sentences] bk. 2, dist. 12, q. 2, art. 3). Of the good and propense will [of God], St. Augustine (bk. 1 On Genesis to the Letter, ch. 5), and with him Tostatus, Hugh of St.-Cher (in his postils), Lyranus and the Glossa Ordinaria and Interlinearis, Hugh of St.-Victor (in his Annotations, ch. 7), and Alexander of Hales (part 2, q. 46, member 5). Of the power and eternal Wisdom of God, Steuchus (in the Cosmopoeia). But very many [understood it] of the Holy Spirit: namely Tertullian (book On Baptism, chs. 3, 4, 5); Pope Clement (bk. 6 of the Recognitions); St. Cyprian (sermon On the Holy Spirit); St. Jerome (Epistle 83, to Oceanus, and in his Hebrew Questions on Genesis); St. Augustine (On Genesis [to the Letter], Imperfect [Work], ch. 4, and On Genesis to the Letter bk. 1, ch. 7); St. Ambrose (bk. 1 Hexaemeron ch. 8, and in the prologue to bk. 2 On the Holy Spirit); St. Basil (homily 2 on the Hexaemeron, and Against Eunomius); St. Gregory of Nyssa (in the book Of Testimonies on the Trinity, against the Jews); St. Athanasius (in the sermon Against Heresies, and in the epistle to Serapion); St. Cyril of Alexandria (bks. 1 and 3 Against Julian); St. Damascene (bk. 2 On the Faith, ch. 9); St. Isidore (bk. 1 On the Highest Good, ch. 10); Anastasius Sinaita (bk. 1 of the Hexaemeron); Procopius, Eucherius, Diodorus, and Claudius Victor (bk. 1 on Genesis); Philastrius (in his book On Heresies); Bede (in the book On the Creation of the Six Days); Optatus of Milevis (bk. 5 Against Parmenian); Rupert (bk. 1 on Genesis ch. 8); Peter Comestor (in the History, on Genesis ch. 2); St. Thomas (Part I, q. 74, art. 3, ad 4); Albertus Magnus (part 1 of the Summa, [the treatise] On the Four Coeval Things [De quatuor coaequaevis], q. 12, art. 11); [and] Albinus (q. 29 on Genesis)—whose words Ascanius Martinengus reports in the Glossa Magna (pp. 372–385), contending that this is the spirit by which the whole World is stirred and governed, according to Trismegistus, Plato, and Virgil (Georgics bk. 1), in those verses: "In the beginning, the heaven," etc., "a Spirit within nourishes [them]," etc.; [identifying it with] that "Mind" of which Anaxagoras [spoke], and that "Love" which Hesiod and Parmenides said was the first of all the gods. But these things, I say, do not stand in the way; for, as Suárez notes (bk. 1 On the Work of the Six Days ch. 7), they can be understood to have spoken in a mystical sense; and Martinengus himself (p. 376) confesses that it was not fitting that Moses should, for the rude people of the Hebrews, unseasonably wish to propose now—under the literal sense of the history—the most recondite mystery of the Most Holy Trinity, or the Holy Spirit. And indeed, if he wished to expound to them neither the Empyrean nor the Angels, much less the Holy Spirit—nay, not even to learned men, as regards the literal sense—especially since there is no reason why he should either pass over the divine Word in silence, or say that the Holy Spirit alone was "borne above," and not rather [that it was] poured into the whole world, above and within: whereas the reason why air and ether are above the waters is their natural lightness.

[XV.] But neither does that phrase, "[the Spirit] moved over the waters," stand in the way. For the Hebrew Merachephet, which they wish to be rendered "moved," properly signifies a natural motion, just as a bird is moved over its own [eggs], or [over] another [thing] to be brought forth [hatched]. For the Syriac version has, "it cherished the waters," or "the quiet [spirit] brooded over the waters"; and so Vielmus (on Genesis ch. 1). This word in this place, "air," etc., does not [denote God's local motion], but rather connotes and commends [the imparting of life]; just as a hen, cherishing her eggs, quickens [them]—so the [spirit cherished or brooded over] the waters; so Diodorus and Basil and the other Greeks, "it brooded"; and St. Jerome [takes] the same in this place; for "to cherish" or "to brood over" is, as Suárez says (bk. 1 On the Work of the Six Days ch. 7), to signify a [fostering]. The interpreters here, positing a supercelestial place, suppose this fostering signifies a [quickening], inasmuch as it does not [imply] local motion—so Theodoret teaches (q. 8); thus that fostering motion can be understood [as] a thin air imparted by God; even if Vielmus [thinks] otherwise, it does not displease; yet to Suárez—and indeed to all—God is not moved locally.

Thus far, then, we have [seen] that Moses signified, in an easy sense (at least to learned men), the creation of the ether (i.e. of fire and air), whether these were signified under the name "nothing," or under the name "heaven," or under the name "darkness." Be it that the holy [doctors] intimate these to have been indicated by the name "deeps"—St. Basil (homily 1 on the Hexaemeron), St. Ambrose (bk. 1 on the Hexaemeron ch. 8), St. Jerome (on Job ch. 38), Eucherius, Caietanus, and the Glossa Ordinaria on Genesis—[holding] that within the bowels of the earth air and fire, no less than water, are enclosed; but at that time, certainly, they were not yet enclosed.



Question 4

How many, and which, Elements did the ancients—and especially the Fathers—recognize from Moses?

[XVI.] There are, among the Peripatetics—not to mention the Epicureans and Hippocrates—four simple bodies beneath the heaven, which they call "elements": namely Fire, Air, Water, and Earth. And they are called "simple" because, although they are composed of matter and form, they nevertheless have no admixture of secondary [elements], but are contained by the properties of the primary qualities. That all mixed [bodies] consist of these, either actually or virtually, is well known from Aristotle (bks. 1 and 2 On the Heaven, and On Generation, etc.), the commentators, and most other Philosophers. Concerning these stands that most forceful argument, drawn from the primary qualities: namely, that just as there is given a dry-and-cold element, which is Earth, and a cold-and-moist, which is Water, so there is given a hot-and-moist, namely Air, and a hot-and-dry, namely Ether or Fire—so that between the extremes of the contraries there may also be given means, that one may pass over into another by a symbol [quality] proximately shared, or may suffer as little as possible from the extreme contrary. Which opinion...


[Margin: 1st Opinion: Four Elements, the four distinguished by the heavens.]



(continued, printed p. 201): ...which opinion many have embraced; St. Gregory of Nyssa expounds it elegantly (in his On Philosophy ch. 2), or rather Nemesius (whose work it is), as St. Basil ascribes (homily 4 of the Hexaemeron); St. Ambrose (Hexaemeron ch. 4); St. George of Pisidia in his work on the making of the World; and Michael Psellus in the book he entitles A Mockery of the Gentile Philosophers and Poets (esp. bk. 1).

[2nd Opinion — four elements, "Heaven" taken for fire.] Yet others admitted the four elements, but [held] that by the name "Heaven" fire (the aether) is set down—distinguishing it so that "Heaven" is the fiery element. The Stoics call it [a fiery body]; so Pythagoras, Heraclitus (fire), and Empedocles (in Clement of Alexandria, Stromata bk. 4) enumerated the four parts of the World, saying: "Earth, and the swelling Sea, and the moist Air, and the Titan Aether that binds all things in a circle." Pliny too (bk. 2 ch. 5): "Nor do I see [reason] to doubt that the elements are four—fire highest, whence [come] the eyes of so many shining stars." So already Tostatus and Plato, reading Moses, judged that by the name "Heaven" is signified Fire, the highest of the four elements; so Rupert (on Genesis ch. 8), and Tostatus in his postils ["the elements are four"]. Plato too understands here what I have explained—that by "Heaven" is meant fire; and that "Heaven" here signifies, together [with the rest], the four elements (Fire, Earth, Air, Water) enumerated in this place. So St. Augustine (On Genesis to the Letter, Imperfect [Work], ch. 4): "thus these four [elements] are signified, of which this visible World [consists]—namely Heaven, Earth, Water, and Air." St. Bede follows in his Exposition of Genesis, saying that by this Scripture it is set forth, in fitting order, that the World consists of four elements—Heaven, Air, Water, and Earth—the highest [reckoned] by the air's exhalations [as warm], the lowest [by the air] upon the level earth. So Hugh of St.-Cher in his postils: "In the creation of the world, Heaven and Earth (the first and the lowest among the four elements) were created at the same time, and together with them likewise the two middle ones—namely air and water—confused and intermixed together, but afterward separated."

[5th — five elements, according to Pythagoras.] Yet Pythagoras seems to have posited five elements—that is, the heaven and the four common ones—since Plutarch (bk. 2 On the Opinions [of the Philosophers] ch. 6) says: "God, in the creation of the world, [employed] five elements, and the [fifth] the regular bodies"—of which [I speak] at num. 18 [below].

[3rd Opinion — three elements; heaven not among them.] Next to these are those who recognized and asserted three elements only—Earth, Water, Air. Such were Zoroaster, Hermes, and Orpheus, as Francesco Patrizi shows (Pancosmia bk. 12); and among the moderns, Copernicus (bk. 1 ch. 8) and Cardanus (On Subtlety bk. 1, calling Earth and Water "passive" and Air "active"); and Tycho (Progymnasmata vol. 1, pp. 91–92, and frequently in his letters to Rothmann), who contends that there is nothing [intervening] between air and aether, but that air extends almost to the Moon and differs imperceptibly in transparency, like aether or an aethereal aura—yet not for that reason of the same nature and species as [common] air. Kepler holds the same (in his Optics, in [the work on] Mars, and in the Epitome of Astronomy), calling the aether—as the Heaven of the Planets—an "aethereal aura"; whom Claudius Marius Victor, Tertullian, and Strabo (to be cited below at no. 18) strongly favour. Add to these Rothmann, who (Tycho attests, vol. 1 p. 92) recognized, besides Earth and Water, only air, extended up to the supreme Heaven.

[4th Opinion — two elements only.] But only two elements did many of the ancients before Aristotle recognize—namely Earth and Water; for they called the air "void." Hence Paulus Burgensis (in his Additions on Genesis) reckons that these two only were expressed by Moses, that he might accommodate himself to the ruder [people]. Telesius, on the contrary, recognized only two elements, Fire and Earth—which were indicated by Moses under the names "Heaven and Earth"—holding that Water and Air are by no means primary bodies, but secondary.



Question 5

What was "Chaos" among the Poets, the Philosophers, and the Theologians?

[XVII.] Laertius reports (bk. 1, in the life of Epicurus) that [Epicurus] turned from the teaching of Grammar to Philosophy, after he had asked what "Chaos" was in Hesiod, and neither the Grammarians nor the Sophists had satisfied him. For us, however, the greater necessity lies in declaring that Chaos which Moses indicated in sacred Genesis—and which the Fathers [understood]—as against [the Chaos] which certain Philosophers or Poets dreamed up, teeming with profane error.

"Chaos" is a Greek word, cháos, said [to come] not so much from chéo ("I pour") as from "the deeper" [pouring]—from chéo, which is "to pour, and by pouring to confound many things into one," in the way that the burning of Corinth melted diverse metals and fused them into one bronze (called "Corinthian"). Thus it signifies a confusion, and a mingling or aggregation of many things together at once. In Hebrew it is called Aphar, that is, "mud" (so our Salianus thinks, in his Apparatus ch. 11); or rather Tohu ("empty earth") and va-Bohu ("void")—or, as our Fernandus renders it, "solitude and emptiness"—whence, by changing the letter Thau into Chav, "Chaos" is said (so in Steuchus's Cosmopoeia). Hence too, by metaphor or a certain analogy, the darkness and gloom of the underworld are called "Chaos": so Virgil (Aeneid 6):


"Ye gods, whose is the empire of souls, and ye silent shades, and Chaos, and Phlegethon, regions silent far and wide in the night";



and Valerius Flaccus (Argonautica bk. 7):


"Through Chaos the blind shades run forth without voices."



Indeed, even in the Gospel (Luke 16): "Between us and you a great chaos is fixed." And the same [word] is transferred to night, because of the confusion of colours and things—as in the Church's hymn at the Vespers of the Lord's Day:


"Thou who biddest the morning be joined to the evening, and callest it 'day'... the foul Chaos glides in"—



that is, night comes on. But properly it signifies that rude and undigested mass out of which all bodies were afterward made. Yet among writers there are various other and better-known acceptations of it:


[Margin: The 1st and 2nd notion of "Chaos."]



First, Hesiod and certain of the ancients imagined Chaos as unbegotten, existing before all the gods—that is, an ingenerate matter. Secondly, very many said that it was a certain formless matter, or [matter] under one rude form, which in act was neither heaven nor any of the elements, but [existed] only in potency, as the seed-bed of all corporeal things. So Trismegistus (in the Pimander): [all things] were enclosed in Chaos by power and virtue before they were separated and set apart; whence Euripides (in Steuchus's Cosmopoeia):


"Heaven and Earth were of one form; but when they had been separated [from their] mutual embrace, every begotten thing emerged into the light."



And Ovid (Metamorphoses 1) expressly said—when "nothing kept its own form"—and in the same place:


"Before the sea and the lands, and the heaven that covers all, Nature wore one single face throughout the whole orb, which men called Chaos: a rude and undigested mass, nothing but an inert weight, the discordant seeds of ill-joined things heaped together in one. ... Where there was earth, there too were sea and air; cold things strove with hot, moist with dry, soft with hard, things weightless with things having weight. This strife God, and a better Nature, resolved."



And St. Gregory Nazianzen, in his poem On the Praises of Virginity:


"And once [a darkness] covered all things, horrid with shadows; there was no splendour of dawn... but a reckless motion rolled all things confused together, bound with the heavy chains of darkness, which ancient Chaos poured forth over the whole orb."



So too Claudius Marius Victor sang (Commentary on Genesis):


"And that rich Wisdom might make this World, it begot all things together; but afterwards the seeds of things [were] adorned..."

"...adorned, [Wisdom] which before had clothed formless things with forms."



Moreover, Diodorus Siculus (in Eusebius, Preparation for the Gospel bk. 1 ch. 4) said: "It is handed down that there was at first one form of all things, Heaven and Earth being confused together, but afterward they were set apart," etc.


[Margin: What is the "void [formless] matter"?]



[XVII. — continued] Chaos taken in this notion [as formless matter], not a few have supposed to have been signified by Moses under the name "Heaven and Earth," or at least under the name "Earth void and empty"—as also that [passage] of Wisdom 11[:18]: "For thy almighty hand was not unable, which created the world out of unseen [invisible] matter"; and that of St. Paul (Heb. 11[:3]): "By faith we understand that the ages were framed by the word of God, that from invisible things visible things might be made." That [word] of Wisdom in the Greek of the Seventy is ex amórphou hýles (ἐξ ἀμόρφου ὕλης), "out of formless matter"—of which I have already spoken (q. 3, num. 11).

And so, in the first place, St. Augustine (Confessions bk. 12 ch. 10; bk. 1 On Genesis against the Manichees; and On Genesis to the Letter, Imperfect [Work]): "The first matter was made confused and formless, out of which [all things] were distinguished and formed; which I believe is called 'Chaos' by the Greeks; and in another place we believe it was said to thee, in [the book of thy] praises, that thou madest the world out of formless matter." And (ch. 7): "Out of nothing God made that matter; first the Heaven and Earth"—i.e. the angels, and it was said "In the beginning God created Heaven and Earth," not because it was already made, but because it could come to be. And (Imperfect [Work] ch. 4) he calls this matter "the seed of heaven and earth," which is not yet heaven, but [from which], when [the seeds] meet together among themselves, [things] presently are born. And (bk. 1 On Genesis to the Letter ch. 14) it is plain that he did not grant to this matter a priority of time, but only of origin, and that thus it preceded the forms as sound precedes the voice [word]; for he says: "Not that formless matter is prior in time to the things formed, since both are concreated together—as the voice is the matter of words, but the words are [the] formed [thing]... just as he who speaks first utters a formless sound which he may afterward gather and form into words, so God the Creator first made formless matter and afterward, as it were, brought it forth [into form]; for by [an act of] forming he created the matter. But because that out of which something is made, even if not prior in time, is in a certain manner prior in origin..."

Philo too (in his On the Making of the World), having said "Moses ascended to the very summit of Philosophy," subjoins that, by his narration, there was made by God a substance having nothing of good in itself, but able to become anything whatever; "for it was of itself formless, full of rude confusion and, as it were, discord, but capable [of all]," etc. St. Gregory of Nyssa concurs (On the History of the Six Days), where, on the work of God, he says: "But all things [were made] together with the Maker, at once, in which matter [the world] consisted, by a wise and likewise powerful will, so that he did not need to labour beforehand at the making"; and he heaped together the light with the heavy, the solid, the dense, the rare, etc.—"for none of these [is] in the matter by itself, but when they meet together among themselves, the matter coalesces." And not much after: "For when the whole nature of things had been created at once, in one moment of the divine will, promiscuously and without distinction, and all the elements were intermixed among themselves," etc.

The other Gregory, Nazianzen, indicates the same matter (On the Holy Spirit): "It is agreed that in six days God formed the substance of the matter," etc. And St. Gregory the Great (on Job, bk. 4): "The substance of the matter was created at once, but it was not created in [its] forms by species; and what existed at once through the substantial matter did not appear at once through the species of form." Philastrius expressly agrees (in his Catalogue of Heresies, heresy 63), saying: "There is another heresy which, speaking ambiguously of the earth, [says] that this [earth] alone is, and that the other is not, being ignorant that there is another [earth] which is, as it were, the matter of all things, in virtue—which contains [all]... which is invisible and unformed, [and] was made by God on the first day; whereas this [earth] in which we dwell is shown to be founded upon the water, as David said: 'Who hast founded the earth upon the waters.'" No less clearly Tatian (Oration against the Greeks): "Thus the matter stands: the whole machine of the world, and whatever is established in it, is constituted of matter; but the matter itself was produced by God, so that before it was discerned it is understood [to be] rude and formless, and afterward [was] partly shaped and arranged [as to] its [distinct] separation." Theophilus of Antioch too, explaining the first and second verses of Genesis ch. 1 (bk. 2 To Autolycus), concludes [the like].


[Margin: Psalm 103.]



This, in the first place, sacred Scripture does and admonishes—that it may teach that the matter, of which the World consisted, was in a manner made by God and passed into a becoming order. Most briefly, Alcuin (q. 19 on Genesis): "In formless matter [God], who [is] for eternity to sight, created all things at once"; and he repeats the same (q. 11). Let us come to later ages. Peter Lombard, the Master of the Sentences (bk. 2, dist. 12), explaining the first and second verse of Genesis, says: "Heaven"—that is, the Angels—"and Earth"—namely the matter of the four elements, as yet confused and formless, which by the Greeks is called "Chaos," and was before any day. Some indeed handed down that all things were created at once in matter and form—which Augustine seems [to hold] in the [literal] sense. Others, however, rather approved this: that by God a formless matter, holding the mixture and confusion of the four elements, was created; but afterward, by intervals (so to speak), those six kinds of corporeal things were formed out of that matter, according to their proper species. This opinion Gregory, Jerome, Bede, and many others commend and prefer; and it seems to agree better with the Scripture of Genesis. Yet afterwards Scripture seems to acknowledge Chaos and that matter [as composed] of the elements in act, but confused and not yet adorned—as we shall say in the fourth opinion, to be cited at num. 19—although St. Bonaventure reckons it in this second class (as is more evident in him, bk. 2, dist. 12, q. 4, art. 1). There is another, more reasonable mode of speaking: that that matter was produced under some form—a single rude and complete [form]—and that it was not "informed" [unformed] in such a way that it would [still] be called formless matter, nor that the matter's appetite is terminated by [that] form, since the matter as yet demands other forms, under which it was first created. Alphonsus Tostatus, in his postils on Genesis, prefers this opinion, though he does not condemn the other (to be cited below at num. 19); for he says: "The second position [is], that in the beginning of time the incorporeal things—namely the Angels—were created, and the matter of all corporeal things too under a common corporeity, not determined to any species of created things; and afterward, through [the six days], there was the distinction of things into species." So Strabo, Bede, and other doctors prefer; and this position much conforms with the letter.

[XVIII.] The third opinion places Chaos, or the matter of the Heavens and the elements, under the form of one predominant element or simple body; and this body some called "iron" (Xenophanes), others "watery" (Hesiod, Thales of Miletus, and Xenocrates), others "fiery" (Parmenides—from [its] glowing, or fire, as Epicurus says). As to the order in which the elements were separated out of this Chaos, the natural Philosophers held diverse views, as Plutarch [reports] (bk. 2 On the Opinions [of the Philosophers], chs. 6 and 7). Most of them, called "Physicists," said their beginning was "from the centre," and that the earth was made first—because the globe is the principle [origin]. Empedocles...


[Margins: Third Opinion about Chaos; The order of separation of the Elements.]



(continued, printed p. 203): Empedocles [held] that the air was first separated out, then fire, then earth, and last water. Plato judged that the visible world was made in the likeness of the intelligible world, so that—just as in [the intelligible world] the animate was made first, then the body, and in the body first the fiery and earthy portion, then the airy and watery—[so in the visible]: then air and water. So Plutarch (ch. 6); but in ch. 7 he reports Plato's own words, [to the effect] that in his view [there came] first fire [out of] the confusion, then air, after which earth and water. He [Plato] understood "earth" somewhat differently, as in ch. 6 [Plutarch says] of Pythagoras; for when [Plutarch] had said, "Pythagoras [derives] the beginning of the world from fire and the fifth element," he adds: "according to the figure and order of the five regular bodies."


[Margin: The five regular bodies, according to Pythagoras and Plato.]



For Pythagoras makes these five solid figures (which are called "mathematical"): from the cube, earth; from the pyramid [tetrahedron], fire; from the octahedron (i.e. the eight-faced [solid]), air; from the icosahedron (i.e. the twenty-faced figure), water; and from the dodecahedron (i.e. the twelve-faced [solid]), the universe—the whole globe. In all of which Plato "Pythagorizes." Lastly, St. Gregory of Nyssa (On the History of the Six Days) teaches that fire came forth first from Chaos, and that by it the rest were illuminated; for by "light" [he holds that] the matter was first said [to receive its] separation out of Chaos.

[XIX.] The fourth opinion recognizes in Chaos the elements in act, according to their own simple forms, but mixed—either all or some. Such was that famous Anaxagoras with his homoiomeria ["like-parts"], and Empedocles—except that Anaxagoras went somewhat further [in this]. But St. Basil expressly (homily 1 on the Hexaemeron) first disapproves the opinion (cited in the second place) concerning formless matter, saying: "But the depravers of truth, not accommodating their own mind to Scripture, but drawing the mind of the Scriptures to their own will—and perverting [it]—say that matter is hinted at in these words"; "out of which," he says, "[that] void and invisible and unformed [thing]—inasmuch as it is shaped by every quality, form, and figure." Then he explains in what way the earth is called "invisible and unformed"—namely, because it was covered with waters—and (in the first homily) [shows] that the rest of the elements were created [and] then under their forms, saying: "From the two outermost principles... naming heaven and earth."

Besides these, St. Anselm [and] Caietanus (bk. 1 On the Image of the World) call the matter, out of which all things were created, "the four elements": "In the matter, as out of four elements, they created all corporeal things." Lastly, that that Chaos was the heaven and the four elements in act, complete with their substantial forms, teach Theodoret (bk. 1, Questions on Genesis), Rupert (bk. 1 on Genesis ch. 7), Hugh of St.-Cher (in his postils), Ascanius Martinengus (Glossa Magna p. 17), Suárez (bk. 1 On the Work of the Six Days), Henry [of Ghent] (Quodlibet 6, last question), Pererius (bk. 1 on Genesis p. 31), and Tanner (q. 2 On the Heaven).


[Margin: The order of the Elements in Chaos.]



Among the authors of this class, the dispositions of these elements in Chaos were various. For according to Empedocles, and SS. Basil, Ambrose, Damascene, and most of the Greeks, [and] St. Anselm, Alcuin, Caietanus, and Pererius, the Earth was, in that first instant, in the lowest place; upon the earth, water; upon the water, air; upon the air, fire; upon the fire, ether or heaven. But according to Junilius, fire and air were enclosed within the Earth, and above the earth was water. According to Strabo, Lyranus, Hugh of St.-Victor, and Richard of St.-Victor, the Earth was lowest, [and] above it the three remaining elements confused, in the manner of a thick mist, up to the Heaven. But according to Pope Innocent [III], the heaven was in the lowest place [as] fire, and earth [too], but water mixed with air in the middle—so [he holds] in [his] fifth penitential [sermon]. In what way this formless matter is called "invisible and unformed" was sufficiently explained at q. 3, num. 11.

[XX.] The fifth opinion, besides the heaven (placed outside Chaos), recognizes in Chaos only Earth and Water in act, but [holds] that out of these all the [other] bodies were thereafter made. Of this opinion was Homer, as he brings in [people] imprecating an utter destruction upon their enemies in that verse:


"But may you all return into earth and water."



Adducing which verse, St. Justin says: "through vehement wrath [he wished] them dissolved by the earth into [their] ancient nature." So too Eugubinus (bk. 1 On the Perennial Philosophy). Orpheus thinks almost the same, who called that primary matter hýle (ὕλη)—that is, "mud," composed of earth and water, which the Hebrews call Aphar—although in Patrizi he posited three elements. This opinion William of Paris learnedly maintains (chs. 3, 39); Alexander of Hales (part 2, q. 4, member 2); Rupert (bk. 1 on Genesis ch. 6); and our Molina (On the Work of the Six Days, disp. 2); and Salianus subscribes (in his Apparatus to the Annals, chs. 6, 11), and our Fernandus (bk. on Genesis ch. 1, sect. 2). And Steuchus (in the Cosmopoeia) says: "The beginning of all earthly things was the hyle or [first] form; and that, for the creating, the earth was the muddy [first matter] of the elements, that all things might come to be from it"; for he shows that hyle is, as it were, illys or "mud"—out of which he teaches that air and fire were afterward made; and he adds that the "void and empty Earth" (i.e. Tohu and Bohu) was rightly so called by Moses; and that this very thing the old Latins [called] Chohum—for so, in its first origin, they named the World, as Festus Pompeius notes—and that among the Greeks [it is] "Chaos," Thau being changed into Chav; and so from that Hebrew root flowed the names "Chaos" and "Chohum." But Telesius posits two elements [only], Fire and Earth, which are indicated by Moses under the names "Heaven and Earth." Three elements, however, were posited by Zoroaster, Hermes, and Orpheus (as has been said, which you may credit to Patrizi, Pancosmia bk. 12); likewise Orpheus [in] Cardanus (bk. 2 On Subtlety); Tycho (vol. 1 Progymnasmata p. 91); and Kepler (in his Optics and in the Epitome)—[holding] that this Chaos, if it coalesced out of elements, was compacted of these three [according to them].

[XXI.] The sixth opinion, midway between the fourth and fifth, places in Chaos three elements only—namely Earth, Water, Air—inasmuch as...


[Margins: Fifth Opinion about Chaos; Sixth Opinion about Chaos.]





(printed p. 204): The page continues an argument that Moses expressly set down three elements under the names "Earth," "Water," and "Spirit," a view supported by Cyprian the Poet in his poem on Genesis and by verses of Claudius Marius Victor on Genesis.


"But when at once they reach the first beginnings of things: the convex vaults of the high pole, and the lands lying [below], are the first part of the work; but a wave covered the lands, [the earth] dripping with an airy mass of foul cloud, and over itself the vast, slippery deep [lay] in darkness."

[Translator's note: these verses are corrupt as printed (e.g. the opening word and line 4); the sense is rendered as best it can be construed.]



And Tertullian, disputing against Hermogenes, denies that there are two earths—one previously formless, the other formed—saying (ch. 31): "But God is one, and the earth is one, which God made in the beginning"; and he adds (ch. 32): "For if [it speaks] of darkness and earth—and, by 'darkness,' of [what is] over the deep—then without doubt both the darkness and the deep [are] beneath the earth. But under the heaven the spirit, like the waters, lay beneath; for if water [was] over the earth, with which they had covered it, and the spirit over the waters, then likewise the spirit, like the waters, [was] over the earth. And as [the spirit was] over the earth, so [was] the heaven; and because the Earth thus [lay] beneath the deep and the darkness, so also the heaven brooded over the spirit and the water." From which it plainly appears that by the name [spirit] he understood the air, or took [it] for the same as all that was between the water and the heaven.

Strabo, too (in the Glossa Ordinaria), seems to favour [this], inasmuch as among the elements which were first mixed he places Earth, and Water in all that space which is now air but then mixed with the air, like a thick cloud—unless you also establish darkness in it. And then, to this opinion [belong] Zoroaster, Hermes, Cardanus (bk. 2 On Subtlety), Tycho (vol. 1 Progymnasmata, p. 91), and Kepler (in the Epitome); and so they posited only three elements—namely Earth, Water, and Air.

Lastly, to this opinion can be recalled those who, [reckoning] the heaven among the first elements [as] the beginning, yet posited as elements distinct from the heaven only Earth, Water, and Air, and nevertheless did not take "heaven" for fire: as St. Augustine (On Genesis to the Letter, Imperfect [Work], ch. 4), Bede (in his Exposition of Genesis), and Innocent III (on the fifth penitential Psalm), placing water and air confused together (whose words I cited above); and John Penna the Frenchman; and also some of the more recent [authors] who—Tycho attests (vol. 1, p. 92)—from the air's [indistinct] transparency gather the heaven to be of the same nature as air, and so [hold] that there are only three elements.


[Margin: Sixth Opinion about Chaos.]



[XXII.] The seventh opinion seems to posit that, in the beginning of the World, only the supreme heaven and the Earth were created from nothing, but that Water and the rest of the bodies were produced afterward; and it is St. Gregory's, as you may read in his whole discourse on Genesis [and] on Job (ch. 38). Wherefore, according to him, Chaos included only the earth; for the rest of the heavens and the other bodies were produced from water, and the water from earth, as he teaches in the same place. But it is hard to grasp [this]: for the earth never occupied the whole space which is now between the earth and the supreme heaven—and does it afterward, [once] sown [with things], occupy less space? Or was there a vacuum between it and the heaven? Whatever you say will be against the rest of the Fathers and Philosophers, and little consonant with the Scripture of Genesis. We shall suppose the waters created at once together with the earth.


[Margin: Seventh Opinion about Chaos.]



[XXIII.] The eighth opinion is our own, which has as patrons the authors of the third [opinion], and some of the second (if we interpret them [favourably]), and some of the fourth and sixth—provided, namely, that no fire is granted [as a distinct element], or none distinct from the visible heaven; although, as to [the precise] order, not even all [the authors] of the third opinion agree with us. For we assert that the World was not made by God out of ingenerate or formless matter, but that [the elements] were created by God at this first instant—not from the [matter] of the first opinion, for that would be heretical; nor from a formless or indistinctly-formed matter, such that there was not actually Earth, nor Water, nor Air, but only in potency (as the second opinion asserts)—both because that imperfection would not befit God the Maker, and because Moses [names] no moment or day on which God thereafter drew the elements out of that matter, and because, if at that first instant there were not actually heaven or earth but [only] potentially, Moses would [not] have used those names, nor given the rude people occasion to err and to understand "heaven and earth" in the sense in which they are understood in Psalm 101[:26], where it is said: "In the beginning thou, Lord, didst found the earth, and the works of thy hands are the heavens."

Then especially [we so hold] because sacred Scripture, so long as no manifest contradiction follows from the literal sense, must be taken according to the proper and historical sense which the letter affords; but sacred Scripture (Genesis 1) says that heaven and earth were created by God in the beginning, and that before light was made, or anything else, there was water, and over the water a spirit; therefore we must understand these as created in the beginning by God according to their proper forms—even though fire is indicated by the common name "spirit" or "heaven," or [unless] in no way is an element of fire granted [as distinct].

Nor do these [our positions] conflict with those words, "the Earth void and empty," or "out of unseen [or] formless matter"; nay, these words are reconciled, without any violence, with Earth, Water, Air, and Heaven [taken as] substantially complete—and that in three ways: first, by reason of the defect of light; secondly, on account of the unevenness of the Earth, beset on every side by water, so that, even if there had been light and eyes, the eyes of animals could nevertheless have seen nothing of the earth, much less above it; thirdly and chiefly, on account of the defect of the forms of mixed bodies, and of colours and other accidents and secondary sensible qualities—by reason of which [the Earth] was formless and unworthy to be seen, as we have also expounded (q. 3, from num. 11).

But neither does it stand in the way that so many Fathers were adduced for the second opinion; for many can or must be understood of formless matter [as] preceding the formation of the elements only in origin and nature, not in time; so St. Thomas, with St. Augustine, and Augustine's followers, understood [it]. And granted that God created the Earth, no solid reason can be adduced why he should not [have created] all the elements from nothing—whether this [earth] was first, or whatever [order] it had.


[Margin: The order of the Elements in Chaos.]



As regards the order, I say that God did no violence to those elements, but placed them as their nature required: before he thereafter brought forth the place of the animals, he set the earth at the bottom and middle of the world, water over the earth (since the dry land was not yet made), spirit [air] over the waters, and the ethereal [element]—that is, fire—over the air; so that the Earth could be called simply "void and dry," even though it had waters within at that first instant, according to what is said more fully at num. 10.


[Translator's note: the printed text of the element-order phrase is garbled ("& ignem super aquas, & aerem, sed ignem & datur super aetherem"); the natural ascending order—earth, water, air, fire/ether—is clearly intended and is so rendered.]





Question 6

Whether there is an Empyrean heaven; and when it was made, and of what sort it is.

[XXIV.] By the name "Empyrean heaven" is understood the heaven highest of all—invisible to us in this life and devoid of motion—within which, or above whose surface, the holy and blessed Angels and men are and shall be. It is called "Empyrean" from the purest light with which it is believed to be endowed: that is, "splendid," i.e. endowed with true light; or "flaming" or "fiery," from the Greek word pŷr (πῦρ), which signifies a flame tending upward, or fire—[so named] from [its] heat or splendour, as Strabo and Hugh and the Master teach (Sentences bk. 2, dist. 12); or because this heaven is the highest of the elements, so that it is fiery or hot (as Suárez says, bk. 1 On the Work of the Six Days, ch. 4). Its various names and descriptions we have in the sacred letters, for our solace and the hope of the eternal life which we [there] find—[for] not once [only] does God, under this name, [show himself as] glowing toward those who love him. These names will serve us as our first argument [for] such a heaven [being] distinct from the others. For the one [author] whom we know [to differ], Cajetan (on 2 Corinthians ch. 12), dared, against the torrent of the Fathers and Doctors, to deny such a heaven, and to say that God [confers] his happiness upon the Blessed in no corporeal place; for he speaks thus: "Unto the third heaven, that is, unto the supreme heaven, unto the place where God and the Blessed are said to dwell, unto the heavenly fatherland. And that place is called the supreme third heaven, because in sacred Scripture mention is made of three heavens. The lowest is the aerial heaven, according to that [phrase], 'the birds of heaven'; the middle is the starry heaven, of which [it speaks] in the beginning of Genesis, 'And he set them in the firmament of heaven'; the third and highest is the watery heaven—all the water which is above the heavens—which Scripture often mentions, which we call the 'watery heaven,' but the Philosophers call the 'Prime Mobile'; whereas an 'Empyrean' heaven, [as] handed down by later [writers], I do not find in Scripture."


[Margin: Cajetan alone denies the Empyrean.]

[The closing portion of Cajetan's quotation ("the third and highest is the watery heaven... I do not find in Scripture") is completed here from the top of p. 205, where the sentence ends; p. 205 then resumes with Vielmus's inference and the refutation of Cajetan.]





(printed p. 205): The page reports Vielmus's account of Cajetan's singular opinion that the ancient Fathers posited the Empyrean heaven without solid cause, since it is imperceptible and God and the Angels, being incorporeal, need no peculiar place. That opinion is rejected by Vielmus himself, Catharinus, Ascanius Martinengus, and Suárez, who holds the contrary to be commonly received by the Church; Riccioli announces he will prove the Empyrean's existence by many authorities and reasons.

[XXV.] Our first argument we take from the sacred divine letters, where such a heaven is designated and described—especially when it is called "the heaven of heaven": as Deuteronomy 10[:14], "The heaven [is] the Lord thy God's, and the heaven of heaven." And 2 Paralipomenon ch. 2[:6]: "For great is our God above all gods; who then shall be able to prevail to build him a worthy house? If heaven, and the heavens of heavens, cannot contain him..." And in the same book, ch. 6[:18]: "If heaven and the heavens of heavens do not contain thee, how much more this house which I have built?" And David (Psalm 113[:24]): "The heaven of heaven [is] the Lord's, but the earth he hath given to the children of men." And Psalm 67[:34], where, of Christ the Lord (as St. Paul interprets, Ephesians 4), having said "He ascended on high," he subjoins: "Sing ye to God, who ascendeth above the heaven of heaven, to the East." This same [heaven] is called "the seat of God, and his dwelling-place" (2 Paralipomenon ch. 6); and Solomon [so understood] that [saying] of Moses (Exodus 15[:17]): "the firm seat of thy dwelling which thou hast made, O Lord; thy sanctuary, O Lord, which thy hands have established." And Moses himself (Deuteronomy 26[:15]): "Look down from thy holy [dwelling], and from thy high habitation"; and (Deuteronomy 33[:26]): "There is no other God like the God of the most upright, the rider of heaven, thy helper, whose dwelling-place [is] above." For from the earthly sanctuary, tabernacle, and temple, the ancients rose up to contemplate the heavenly and immovable [dwelling]—that Tabernacle which can by no means be moved—of which [it speaks in] Psalm 31[/32:14]: "The Lord hath looked down from heaven, from his prepared dwelling-place"; and Psalm 101[:20]: "The Lord hath prepared [his seat] in heaven"; and Isaiah 66[:1] and Acts 7[:49]: "Heaven is my throne, but the earth my footstool"—[which is] the throne, house, and habitation not of God [only], but of the Elect, according to that [word] of the Apostle (2 Corinthians 5[:1]): "We know that if our earthly house of this habitation be dissolved, we have a building from God, a house not made with hands, eternal in the heavens." And [it is called] the Jerusalem which is above, the heavenly: of which [it speaks] to the Galatians (4[:26]): "But that Jerusalem which is above is free, which is our mother"; of which assuredly we think it is said (Psalm 147): "Praise the Lord, O Jerusalem... who hath set peace in thy borders"; and Psalm 121[:3]: "Jerusalem, which is built as a city, whose participation is in itself... and mayst thou see the good things of Jerusalem all the days of thy life"; and Psalm 146[:2]: "The Lord buildeth up Jerusalem; he will gather together the dispersed of Israel"; and Tobit 13: "Blessed shall I be if there shall remain of my seed, to see the brightness of Jerusalem; the gates of Jerusalem shall be built of sapphire and emerald... and through its streets Alleluia shall be sung." From which it appears that, by a prophetic spirit, [the Psalmist] looked most fixedly to that holy City, Jerusalem, which St. John (Apocalypse 21[:2]) saw descending, like a bride adorned for her husband. And this same is said in that place (Psalm 67[:6–7]): "God [is] in his holy place; God, who maketh men of one manner to dwell in a house"; and in the same place, "The mountain in which it hath well pleased God to dwell; for the Lord shall dwell [there] unto the end." Finally it is called "the region of the living" and "the land of the living" (Psalm 26[:13] and 141[/142:6]); and "Paradise" (Luke 23[:43]): "This day thou shalt be with me in paradise"; and (Apocalypse 2[:7]): "To him that overcometh I will give to eat of the tree of life, which is in the Paradise of my God"—to which Paradise, in the third heaven, St. Paul relates that he was caught up (2 Corinthians 12[:2, 4]); and St. Francis of Assisi was rapt in ecstasy at merely hearing the name of Paradise.


[Translator's note: Riccioli's citations follow the Vulgate psalm-numbering. The verse "God in his holy place..." which he assigns to "Psalm 47" is in fact Psalm 67:6–7 (Vulgate); the printed "47" appears to be a slip, and is given here as 67.]

[Margins: First Argument: from Sacred Scripture.]



[XXVI.] The second argument is from the authority of the Fathers and Doctors—and indeed of the ancients also, and of very many (besides Philo, of whom [it was spoken] at num. 30). For St. Clement (bk. 1 of the Recognitions), in the mouth of Peter disputing with Simon Magus, so reports: "This visible heaven was made, which is resoluble [destructible] for the sake of the present life; and so it is a kind of partition made of air, since [otherwise] the habitation of the heavenly [beings] and the place full of God would be seen [exposed] among the unworthy." And again, when Simon had said that he acknowledged and preached one heaven [only] created in the whole world, Peter says: "Not so; but [we hold] in common that there is one heaven [which is] God, who truly is, but [that] there are heavens which were made by him—as the Law also says—[for] there is contained, besides 'the visible firmament,' also that visible Firmament; but [there is] that supernal and invisible [one], in which those [blessed] dwell; and this [firm one] is to be dissolved at the consummation of the age." Which things are, as it were, said by St. Peter (2 Peter 1). After him, Pope Anacletus (in a decretal epistle, at the end) says: "The Lord, from the celestial aura and the Empyrean dwelling, took and assumed flesh in the most chaste Virgin's womb for our redemption." From which you see that this name [Empyrean] was not coined by Bede or [Peter Lombard], as Pererius thought (bk. 1 on Genesis, p. 29, against Martinengus in the Glossa, p. 9). Plato too knew this heaven, St. Justin attests (in his panegyric Oration, [the] Admonition to the Gentiles), in these words: "And in the same way, of heaven: there is that [heaven] which is itself [eternal]; and that heaven which was made and falls under sense; the other is that which is comprehended by intelligence and reason, of which the Prophet says, 'The heaven of heaven [is] the Lord's'"—as if Plato believed the Empyrean to be unmade, and from eternity. Moreover, St. Clement of Alexandria (bk. 5 of the Stromata) thinks that Orpheus and Homer [placed God] beneath the name of "Olympus-heaven"; and therefore, [on] that "Heaven is my throne, but the earth my footstool," he adduces those verses of Orpheus concerning God:


"But he himself stands firm and steadfast in great Olympus; and golden is his throne, and the earth [is] at his feet";



and similar verses of Homer—but more—by which the Lord, the God of gods, is described. So Origen too disputes (Homily 1 on Genesis): "God made heaven and earth—that is, he made this heaven, [which] is the seat; but after that he made the firmament, that is, the corporeal heaven," understanding by the name [of "heaven"] the visible [heaven]; and (bk. 2 Peri Archon ch. 9): "this whole is called the World, in which certain things are said to be supercelestial, placed in the habitations of the blessed and in the heavenly and more splendid bodies."

That this was the common opinion even in his own times, St. Hilary sufficiently indicates (in his Enarration on Psalm 122); for when he had said: "This heaven, which is [open] to our sight, lies subject to the matter of its [creation], which yet firmly consolidates [it]; it has received both the nature and the name of 'firmament'; it shall perish, yet it shall not [wholly] perish; but it sits [fast], and the Lord's [heaven] remains unto the end"—not long after he added: "But because, according to corporeal understanding, that sense lies subject to us, so that the heaven which is beyond the nature of this firmament," etc., "is reckoned to be God's dwelling—let us not exclude that public opinion concerning God's seat, that the heaven of heaven is also [his] throne," etc. And he renders the fitness of creating this heaven (in his Enarration on Psalm 129[?]), saying: "When he had gathered together the region of [some infinite power], allocating it above the heaven, and first, and likewise into an orb, he enclosed a certain bound for the powers (virtutes) which were first begotten for the knowing of him; but because, according to [their] created [condition], the powers could not bear the inconspicuable [things] of God, they dwelt in a seat moderated by the interposition of a temper of nature, [accommodated] to the infirmity of their moderation. For the waters, being lifted up, [served] to temper that very nature of the first heaven... whereas the lower heaven—not uniform, but manifold—he extended, [the heaven] which he called the whole 'firmament,' strong for the sustaining of the upper waters, and solidified with the temper of our air." And so, just as the damned in Gehenna inhabit a smoky and dark fire and a dense gloom, so, on the contrary (according to St. Hilary), [the blessed] inhabit a most lucid fire, or region, kindled by God's name; and perhaps the corporeal eyes of the Blessed see the Divine immensity under the corporeal species of that Empyrean tempering itself to them—even though, by the intellect, or by the elevated light of glory, they behold [God] intuitively and in a nobler manner. And God is said to dwell in this heaven, because by [his] species, and face to face, he shows himself to those dwelling in it.


[Margins: Second Argument: the Authority of the Fathers, etc.; St. Clement; Anacletus; The name "Empyrean" most ancient; St. Justin and Plato; Clement of Alexandria; Origen; St. Hilary.]

[The final sentence of ¶XXVI is completed here from the top of p. 206; p. 206 then continues with St. Augustine (on Psalm 122) and further Fathers—Theophilus of Antioch, Diodorus of Tarsus, and others.]





(printed p. 206): The page marshals St. Augustine's testimony for a heaven beyond the visible one: on Psalm 122 he distinguishes the corporeal heaven, which shall pass away, from another heaven now invisible to us, and in Confessions bk. 12 he alludes to a heaven not pertaining to earthly sight. Whether Augustine in City of God bk. 10, refuting Porphyry on the demons' abode, meant the Empyrean or only the sidereal heaven remains unclear.


[Margin: The name "Empyrean" in St. Augustine.]



"But you learned this not from Plato, but from your Chaldaean masters, to exalt human life into the ethereal or Empyrean sublimities and the firmaments of heaven, that your gods might pronounce divine things to the Theurgists."

But I ought to have adduced earlier the more ancient Father of the second century, Theophilus of Antioch, who says (bk. 2 To Autolycus): "For in the first place, where sacred Scripture treats of the creation, or the genesis of the World, it does not speak of this visible Firmament, but proposes a certain other heaven, invisible to us; after which this visible firmament was named." Let St. Chrysostom follow—the teacher (as they say) of Diodore of Tarsus—saying (on Genesis ch. 1): "After the visible and intellect-endowed substances, God straightway fashioned the heaven together with the Earth—not that which is visible to sight, but that which [is] beyond all the heavens, and which David is wont to call 'the heaven of heaven.'"


[Translator's note: Riccioli has the relationship reversed—Diodore of Tarsus was the teacher of John Chrysostom, not the converse.]

[Margins: Theophilus of Antioch; Diodore of Tarsus.]



Already in the fifth century flourished Junilius, [author of] the Hexaemeron, where, speaking of that higher heaven and earth—or rather, of the higher heaven, which remains secret from all this World's revolving [motion], immutable in essence, ever quiet—[he distinguishes it]; for of our heaven, in which the luminaries are placed, he wrote [otherwise] in what follows. Then, adducing the authority of St. Jerome, [he expounds] most beautifully [the place where Lucifer first was, among the angels not yet blessed].


[Margin: Junilius.]



St. Jerome too makes mention of the higher heaven, where, writing on that [text] of Isaiah 14, "I will ascend into heaven, above the stars of heaven I will exalt my throne": "Before he fell from heaven, this devil was saying [it]; and after he fell from heaven [too]. But if [he was] placed in heaven, how does he now say 'I will ascend into heaven'? But because we read that the heaven of heaven [is] the Lord's alone... in the firmament, in heaven, pride shall not dwell. But if, after he fell from heaven, he speaks these words, we must understand [his] arrogance—that not even [in his] downfall does he rest, but promises [himself] the great stars: not that he may be among the stars of God, but he adds 'the stars of God'—perhaps for this very reason it is said that the reprobate, who hate God (that is, the demons), 'always ascend,' [those] who even now, with most obstinate desire, have persevered in that ancient but impious and vain purpose, 'I will ascend,'" etc.


[Margin: And in St. Jerome.]



An author of the same age, Theodoret (bk. 1 on Genesis): "Just as that Heaven is invisible to us, so also [is] the heaven which [is] beyond it"; [and] thus Paul, caught up to the third heaven, holds the first place. In the same fifth [century] flourished St. Prosper, who says (on Psalm 113): "But God in heaven and above the earth made all things; what he willed, he made—not in these heavens above, which all bodies, celestial and terrestrial, pass beyond."


[Margins: Theodoret; St. Prosper.]



I come now to two authors of the sixth century, of whom the former, Anastasius Sinaita (bk. 1, Commentary on the Hexaemeron), acknowledges three heavens when he speaks thus: "But if in the Davidic hymns [there is] 'heaven of heavens,' this is a property of the Hebrew tongue, which often names the singular in the plural; but when you hear 'the third heaven,' take the first heaven [to be] the air, the second the starry [heaven], the third the supreme heaven of the Angels." Nearly contemporary with him, Procopius of Gaza more than once, and not inelegantly, depicted this heaven for us (on Genesis ch. 1); for he says: "God decreed to found most beautiful works—the one subject to change and corruption, which we behold set before our eyes; but the other free [from that], and void of the present age's stain of evils, into which Christ first of all enters, having put on human nature; and again, [Christ] entering into this splendid workmanship after [his] second glorious advent," etc.; and he adds that this is that inner Tabernacle (Hebrews 9). Finally he concludes: "For when Christ [had entered] into that Heaven... [the powers being subordinated to] the sensible powers, with [their] virtues intermixed: finally, the heaven which now sustains the office of [the summit] will be the foundation of the highest heaven in the common resurrection; for the first heaven [is], as it were, the heaven of heaven"; for not without reason does the Elder reckon those words, "the heaven [is] the Lord's, but the earth he gave to the children of men."


[Margins: Anastasius Sinaita; Procopius of Gaza.]



Nearer to both these authors was Sedulius (bk. 1 On the Marvels of the World), when, in his Collectanea on the Epistle to the Romans, on those words "the hope that is seen is not hope": "Nothing at all, therefore, is to be hoped for in the future from these things which are seen. 'Eye hath not seen what God hath prepared for them that love him.' But the eye has seen heaven and earth; therefore it behoves [us] not [to believe] that this which is seen has been prepared by God for them that love him, but [to hope for] another heaven indeed—nay rather the heaven of heaven, altogether loftier than the firmament which can be seen—and [another] Earth is to be hoped for; for this dry [earth], which lies before the eyes, [is not it], but that will be the land of the meek, which the eye hath not seen."


[Margin: Sedulius.]



I would add Bede here, but the words attributed to him in the "Work of the Six Days" are by others ascribed to Junilius, together with that whole work; and just as St. Ambrose compiled his Hexaemeron from St. Basil, so Bede [compiled] his from Junilius; and thus, for the Empyrean, we do not lack a suitable witness from the eighth century (in which Bede lived)—just as neither [do we lack] Alcuin (on Genesis ch. 1), an asserter of the same heaven in the same century. In the ninth century, distinguished was St. John Damascene (bk. 2 On the Faith, chs. 6 and 7), whom he reckons together with Anastasius Sinaita; and he taught (bk. 1 On the Faith, ch. 6): "Since, therefore, Scripture says 'heaven,' and 'heaven of heaven,' and 'heavens of heavens'; and St. Paul asserts [he] was caught up to the third heaven—[this heaven] is said to have been founded in the creation of this universe; which [truth] those who flourished in the praise of wisdom among the foreigners [the Gentiles], appropriating to themselves the dogmas of Moses, [expressed by] calling [it] an orb devoid of stars." He goes on, and a little after adds: "But indeed the first heaven is that heaven which is above the firmament; others hold there are only two heavens, for God called the firmament by the name 'heaven'; then it is usual and familiar to Scripture to call the air too 'heaven,' inasmuch as it is seen above—for it says, 'Bless [the Lord], all you birds of heaven,' that is, of the air: behold the third heaven."


[Margins: Bede; Alcuin; St. Damascene.]



In the same [ninth] century, Strabo (in the Glossa Ordinaria), [on] "In the beginning God created heaven and earth," said that "heaven" [means] not the visible firmament, but the Empyrean—that is, the fiery or intellectual [heaven], so called not from heat but from splendour—which was straightway filled with Angels. With whom Rabanus [Maurus] agrees (on Genesis ch. 1). Let us pass now to the eleventh century, and hear St. Anselm of Canterbury (bk. 2 On the Image of the World, ch. 28): "Above the firmament is the spiritual heaven, unknown to men, where is the habitation of the Angels, disposed through all the orders"; and shortly after: "This is the heaven which is read [to have been] created in the beginning with the earth; far above this is said to be the heaven of Glory, in which the King of the Angels is said to dwell." Wherefore, according to this Doctor, the sidereal heaven is subdivided into several heavens (according to the number and order of the Fixed [stars] and the Planets), and likewise the Empyrean into several heavens (according to the hierarchical order of the Saints), and among them the supreme, in which Christ dwells, he calls "heaven" by antonomasia [par excellence]; the others he calls "spiritual heavens" and "sublimities," and [says] that they are invisible to us.


[Translator's note: the treatise De imagine mundi is now generally attributed to Honorius Augustodunensis (of Autun), not to St. Anselm of Canterbury.]

[Margins: Strabo and Rabanus; St. Anselm.]



St. Bruno, founder of the Carthusians (in his book [on Genesis], ch. 1): "Moses posits two heavens; for he says, 'In the beginning God created heaven and earth'—[here is] heaven, [which] is one; [and] 'on the second day the Lord made the firmament in the midst of the waters,' etc.—behold the other"; he adds that this second is that in which are the stars, and which we see with [our] eyes; "for to see the first heaven is impossible," he says; and therefore indeed we do not behold [it]. The Fathers of the twelfth century [follow], namely Rupert (bk. 1, Commentary on Genesis, ch. 1), on that "In the beginning God created heaven": "By the name 'holy heaven' is designated that invisible fatherland of the holy Angels"; and (ch. 16) he says that by those words he understands not [the visible] heaven, but [distinguishes it] from these tangible [things]—[those Saints] who can say "our conversation is in heaven," where (he adds) the Supreme Pontiff, who penetrated the heavens—Jesus Christ the Son of God—is local, and sits locally, according to the true body of [the] man.


[Margins: St. Bruno; Rupert.]





(printed p. 207): The page continues the catalogue of medieval witnesses to the Empyrean heaven, citing Hugh of St.-Victor's Summa Sententiarum, which calls it the splendid heaven filled with Angels as soon as it was made, distinct from the firmament of the second day; Peter Lombard, the Master of the Sentences, transcribed nearly the same words.

But, connecting this [twelfth] century with the thirteenth, the first to come forward is Alexander of Hales (in the 2nd part of his Summa, q. 47, members 1 and 2), where he teaches that the Empyrean is luminous, and was fittingly made also for the blessed spirits; because the spiritual souls themselves, joined to bodies then incorruptible, require the noblest body in the universe; and between them and the spirits separated from body (which of themselves do not demand a corporeal place) there is nevertheless great affinity and congruity. He adds that this heaven has the nature of a container, and is at rest. From which teacher drew St. Bonaventure (Sentences bk. 2, dist. 1, q. 1) and St. Thomas (Part I, q. 66, art. 3): for since glorious bodies [require something corporeal] also in the bodies to be glorified, it was more fitting that from the beginning—when spiritual glory was begun—there should be also some place incorruptible, immovable, and wholly lucid, which is therefore called "Empyrean," not from heat but from splendour. But more fully and clearly the same things about the Empyrean teaches William of Paris (and he too belongs to this century), where, in On the Universe (part 1, from p. 3 to 36), he teaches that the Empyrean was founded in the beginning of time, and [is] there most quiet, most lucid, etc.

Finally, the authors of the fourteenth century expressly acknowledge it [as] created in the beginning of the World: Lyranus (in his postils on Genesis), Alphonsus Tostatus (on Genesis ch. 1, and on Exodus ch. 2, qq. 32 and 33), Pico della Mirandola (in the Heptaplus, ch. 1, adducing the most learned Rabbis Abraham and Isaac), Catharinus (on Genesis ch. 1), and, among the more recent, Martinengus (in the Glossa Magna, pp. 171 and 236)—as well as all our [theologians] who treat of this matter or of the number of the heavens, but especially Molina and Suárez (the latter, On the Work of the Six Days, bk. 1, ch. 4), Valentia (on the Prima Pars, disp. 5, q. 3, point 1), Pererius (on Genesis, bk. 1, from p. 27), Adam Tanner (On the Heaven, qq. 1 and 2; and vol. 1 of the Summa of Theology, disp. 2, q. 1, dub. 2), Salianus (Apparatus to the Annals, ch. 6), and those who have published notes [and] commentaries on Genesis—especially Cornelius à Lapide, Tirinus, [and] Fernandus; and the Conimbricenses hand [it] down (bk. 2 On the Heaven, ch. 1, q. 1).


[Margins: Hugh of St.-Victor; the Master; Alexander of Hales; SS. Bonaventure and Thomas; William of Paris; Lyranus, Tostatus, Catharinus, Pico; Molina, Valentia, Suárez, Pererius, Tanner, Salianus, Cornelius, Tirinus, Fernandus, the Conimbricenses.]



[XXVII.] The third argument is taken from reason—not, indeed, demonstrative, but resting on most fitting persuasions, which are reduced to two. The one is the perfection of the Universe: that, just as in the World there are given simple corruptible bodies (those four [elements]), so above them let there be given a body incorruptible and immovable; for that the sidereal heavens too are corruptible from within is the more probable [view], as we shall teach below (ch. 2)—just as [it is fitting] that the World be enclosed within two immovable extremes, namely the Earth and the Empyrean. The other is that it was fitting for God, from the beginning of the World, to prepare for the bodies of Christ and of the Most Blessed Virgin and of the other Saints—to be glorified in their own time—a special corporeal place, which would be the kingdom and seat of the Blessed, and in which God, as on a throne, would in a peculiar way reveal his glory to them; just as, among the eternal [things], a prison of the damned is prepared for the Devil and [his] Angels. So in Matthew 25 it is said: "Come, ye blessed of my Father, receive the kingdom prepared for you from the foundation of the world." Nor indeed (as Suárez notes, bk. 2 On the Work of the Six Days, ch. 4) can this be understood only of spiritual glory; for this [was] not [prepared] from the foundation of the world, but through Jesus Christ... an incorruptible kingdom was prepared; nor was it given in execution to men from the foundation of the world; therefore the discourse there is about a corporeal place fitting for the [bodily] glorification of men. And indeed, since it was fitting that the body of Christ and of the Most Blessed Virgin [be glorified somewhere], [Suárez] says it is glorified in no [lower, mobile] heaven—since the Apostle so often preaches this of Christ, and the Catholic Church of the Blessed [and] the Virgin, [placing] them above this heaven [which is] mobile and carried round with it. Or [is it fitting that they] not have fixed feet in that part of the heaven? Was it not fitting, for the grace and honour of Christ alone and of his most holy Mother, that such a heaven be created, in which their bodies would be throughout all eternity—[seeing] that, for the present temporal use and for the shadow of a momentary felicity, God founded the mobile [heavens]? Now indeed it was fitting that the Seat of Christ, and of the Queen of the Heavens, and the body of all the Saints, be in this Empyrean heaven; therefore the Angels too [are] there, as [companions] of the blessed—even though, [being] in a corporeal heaven, they do not require to be circumscribed by place, nor desire it.

And these are the reasons by which—for the existence of this Empyrean heaven—[the following] bear [it] as a standard: Alexander [of Hales], SS. Bonaventure and Thomas (in the places cited), Pererius (bk. 1 on Genesis, p. 29), Suárez (bk. 1 On the Work of the Six Days, ch. 4), Salianus (Apparatus to the Annals, ch. 6), and Ascanius Martinengus (in the Glossa Magna, p. 244).


[Margins: 3rd Argument: from Reason; Ephesians 1.]



[XXVIII.] But when was this heaven created—[to come now] to that question? At least before this World and the elements themselves? Or rather at the first instant of this World? For Steuchus (that is, Augustinus Eugubinus), in the Cosmopoeia and in the treatise On Incorporeal Natures, among other paradoxes, dared to say that the Empyrean is something eternal and uncreated—that is, a certain light and brightness of the divinity, emanating from God's essence, in which God is, and which [belongs] to the divinity always and necessarily with God, and by whose participation and fruition the angels (both the good Angels and just men) are admitted. For he says: this is the light and brightness of God, and the immense light of the divinity, which is above the heaven, [and] which is neither place nor body; and which Scripture so often promises to the just as their reward; of which he judges that [word] of Psalm 103 must be understood, "clothed with light as with a garment," and that of Paul, "who dwelleth in light inaccessible" (1 Timothy 6), and that of Christ in John 17, "Glorify thou me, O Father, with the brightness which I had, before the world was, with thee." And [he says] that a certain specimen of this light was exhibited in the [burning] bush of Moses (Exodus 3), and in the splendour of his face, and [his] colloquy with God (Exodus 34), and in the Transfiguration of Christ (Matthew 17). Which opinion of his he confirms from St. Basil (homilies 1 and 2 of the Hexaemeron).


[Translator's note: "Steuchus" and "Augustinus Eugubinus" are one and the same man—Agostino Steuco of Gubbio (1497–1548); Riccioli names him both ways.]

[Margins: Whether the Empyrean was made at the beginning of the World; Eugubinus's error about the Empyrean; 1 Timothy [6]; John [17].]



But this wholly erroneous opinion is refuted—nay, opposed—by Molina (On the Work of the Six Days, disp. 3, near the end), Pererius (bk. 1 on Genesis, p. 28), Catharinus (in his Enarration on Genesis ch. 1), Vielmus (lecture 3 on Genesis), Ascanius Martinengus (in the Glossa Magna, p. 246), Suárez (bk. 1 On the Work of the Six Days, ch. 4), and Salianus (Apparatus to the Annals, scholion on ch. 6). Catharinus, in his Enarration, asserts it to be a manifest error; Pererius [says] it must be refuted and altogether exploded, and [is] a pernicious and impious dogma; Salianus [judges it] similar to the heresy of Arnold of Brescia, in asserting that something besides God was eternal, and something which is neither creator nor creature; Martinengus and Salianus judge it erroneous and impious; but Cajetan thinks it heretical, [taken] materially. For Steuchus submitted these opinions to the judgment of the Church, and offered himself [to have them] condemned, if the Church should condemn them. But it would have been much more prudent—say Catharinus and Pererius—not to propose to the public so dangerous a dogma, nor to give occasion of error to those who, after his death, would read his work; nor [should] the censures of the Church or of the Doctors be borne against it [or] incurred; and that it should afterwards be objected against him, that he had thrust [it] upon I-know-not-whom. Wherefore, they say, [why] did you prefer to deprecate the fault, rather than to be free of it?


[Margin: Censure of Eugubinus.]



[XXIX.] They refute Eugubinus's error with these arguments. For either he thought that Light of the Empyrean to be God himself—who, objectively illuminating the minds of the Blessed by the species of his divine essence, has [under] his name, truly by [his] immensity, the name of the "Empyrean heaven" (so indeed he seems to be understood, as Daniel [Malonius?] seems [to take it], bk. 1, dist. 2, disp. 7): wrongly, then, did he explain its specimen in the corporeal light of the bush, and of the face of Moses and of the transfigured Christ; and moreover, in this way, he denied the Empyrean heaven to have been created by God in the beginning of time—against the sense and the common authority of the Fathers and Doctors, and of every [age] from Christ down to our own, as we have already shown (num. 26).


[The sentence is completed from the top of p. 208; p. 208 then continues ¶XXIX with the dilemma against Eugubinus—that the Empyrean is either really distinct from God yet uncreated (a heresy against John 1 and the Creed), or created by a necessary eternal emanation (likewise heretical).]





(printed p. 208): The page notes that Eugubinus is inconsistent with himself concerning the first light: he professes uncertainty whether it is corporeal or incorporeal, yet judges it visible both to mind and eyes, like the light of Christ's transfigured face or of Moses's burning bush.

[The dilemma:] Either he thought the Empyrean to be something really distinct from God and yet uncreated—and [then there is] a manifest heresy against that [word] of John 1, "All things were made by him, and without him was made nothing," and against the express article of the Creed by which we believe in God the Creator of heaven and earth, of all things visible and invisible. Or this Eugubinus reckoned the Empyrean to be something distinct from God and created by him, but by a necessary and eternal emanation—and in this a twofold heresy is involved: one positing God as acting outwardly (ad extra) necessarily and not freely; the other positing some creature as really existing from eternity, against the common doctrine of the Fathers, and against the definition of the Lateran Council in the chapter "Firmiter"; nay, against Eugubinus himself, who in the same Cosmopoeia attempted—and undertook to demonstrate—that the World not only was not, but could not have been, from eternity.

Moreover, he seems to savour of the error of those who say that the Blessed do not see God in his proper substance, but [see] a clear light emanating from the divinity—whom Suárez impugns (in the Prima Pars, bk. 2 On the Attributes, ch. 7). Hence it is clear how ineptly he adduces that third [proof-text] to shore up his fiction; for that light by which God is described as "clothed" (Psalm 103) is the light of [his] garments [a metaphor]; and the "inaccessible light" which (1 Timothy 6) he is said to inhabit signifies metaphorically either the holy Angels in whose minds he dwells, or the divinity itself—since "God is light, and his Word is Light of Light"—and is nothing corporeal. And [as for] that light [shown in] the face of Moses [and] of Christ: the divine [Word] and Son of God, [shining] from eternity, was the truth of the Divinity, in which he was coequal and consubstantial with the Father, and according to which he wished to be known as the Son of God. Or, if that light is the light of glory—which [is] the express species of God, or something created and in time; finally, if it is that [light] of the Empyrean... and emanates from the bodies of the Blessed, [then] it is something corporeal, visible, and likewise created in time.


[Margins: 1 Timothy 6; John 17.]



But neither could St. Basil [be made to] support this error of Eugubinus; for, often disputing against the Arians for the eternity of the Son of God, he teaches that no eternity can befit a creature, nor [that any creature] was eternal. And so (bk. 1 Against Eunomius), alluding to that [word] of the Apostle (Hebrews 1), "through whom he made also the ages," he said: "But since all these are the creature of the Son, we understand [them as] below the generation of the Only-begotten"; and a little after: "But if we now deem [certain things] worthy of the appellation [of eternity] because [they are] 'from God,' who [alone] always is—[it is] as though [the thing] received the name from him." [For] nothing that is [truly] eternal is attested of creatures; nor are creatures, by this primary profession, of the same eternity [as God].


[Translator's note: the sense is that creatures may be called "eternal" only loosely, by derivation from the truly eternal God, not in the proper sense.]

[Margin: St. Basil wrongly understood by Eugubinus.]



Be it [granted]—not absolutely, but on a certain not-improbable hypothesis—that the holy Angels were established, before the creation of this visible World, in a certain invisible place suffused with a kind of spiritual light (whether that be the starry heaven, or [a light] which, compared to the light of the sun, may be called spiritual); or [as] Theodoret interprets it (q. 6 on Genesis), [who] called that place "eternal and perpetual"—that is, incorruptible, and eternal a parte post [for the time to come], as Suárez explains; for [it is] because St. Paul (2 Corinthians [5]) calls the Empyrean "a house not made with hands, eternal," etc. The words of St. Basil [are] to be cited presently, at num. 35.

[XXX.] But although the Empyrean—as we have said, at least [when] taken for the place where the holy Angels were set from the beginning of their beatitude—[is in question]: that it existed before the creation of this visible World, as an "intelligible World," several Fathers believed; not absolutely, but with this reservation and [this] not-improbable hypothesis.


[Margin: Whether the Empyrean is older than the visible World.]



For St. Gregory Nazianzen (Oration 38, which is on the Nativity of Christ) says: "Thus, therefore, and for these reasons, the intelligible World was created by him—so far as I am able to philosophize, and to weigh great things with [my] small [capacity]; afterward, indeed, he saw the first [things] of creation excellently established, [and then,] devising another World, consisting of matter and visible—namely this concretion of Heaven and Earth," etc.; [and in the verses]:


"Now there are two Worlds, of which the one is the more ancient—another Heaven, and the tranquil seat of pious men, conspicuous to such minds, and everywhere clear, etc.; the other is fluxile [transient]—in short, this World [now] founded," etc.



Nicetas, the interpreter of this passage (who flourished in the twelfth century), [explains] whether [Gregory held] that intelligible World to have been [made] "not on account of necessity, but on account of goodness alone, and because that good ought to be propagated." To this opinion subscribed Anastasius Sinaita (bk. 1 Hexaemeron), calling Gregory "the Theologian" by antonomasia [par excellence]; for he says: "'In the beginning [God created] heaven and earth'—naming 'heaven' [as] comprehending at once all the heavenly [beings] and the intelligible [Powers]... so that you may understand the World to have been first fabricated, agreeably to the discourse of the Theologian [Gregory], which he quotes," etc.; and he cites the words of St. Gregory Nazianzen.

Then St. Basil (homily 1 of his Hexaemeron): "Nor yet [is it] altogether unfitting that there was, before the constitution of the World, something intelligible by hidden contemplation—which was also not committed to Moses's writings, as little suited to little ones and to those [still] needing [instruction]. Yet there was a certain state, prior to the generation of the World, accommodated (as was fitting) to those Powers abstracted from the World's concretion—anterior in time, and eternal and perpetual; and in it the Creator, the Maker of all, perfected the spiritual light, the beatitude of those [Powers]," etc.; of which St. Jerome and others [speak]. Hence (bk. 2): "We judge indeed that—if anything was before the constitution of the sensible and corruptible World—it was at least in light; for the dignities [orders] of the Angels did not dwell in darkness, but in a light congruous to themselves, [in] joy, [in] that spiritual state which they had," etc. These words Theodoret took up (on Genesis, q. 6), who also (qq. 11 and 14) teaches that the first heaven was made from nothing, and before the light, and [yet was also] made after the light, etc.; although it cannot be defended unconditionally that those Angels were established before the World, yet it is not altogether repugnant, nor does he think it a stumbling-block to many authors—provided they be said [to have been] created, and in some determinate place. For he says: "For that divinity, as [being] by no means circumscribed, is not subject to place"; and at the end: "Moreover, this must be known: that all things which exist, except the Holy Trinity, have a nature subject to creation [and change]; but if, in this manner, [one] should say that the heaven, and the troops of Angels, [were] established before the heaven and the earth [now founded], he will not offend the word of piety." And Junilius too—or Bede—in his Hexaemeron, reports St. Basil's opinion, and does not refute it.


[Margins: Nicetas; Anastasius Sinaita; St. Basil; Theodoret; Junilius or Bede.]



These things notwithstanding, however, it is now certain that the Angels—and therefore the Empyrean—were not created except at that first instant of time, of which Genesis 1 says, "In the beginning God created Heaven and Earth." For so the Lateran Council defines (in the chapter "Firmiter"); and so we have taught, in [accordance with] the common [doctrine] of the theologians, in our treatise On the Angels; and it is sufficiently gathered from those very passages of the Fathers by which we showed (num. 26) that the Empyrean is given—especially those of St. Hilary, Theophilus of Antioch, Origen, Diodore of Tarsus, Junilius, Hugh of St.-Victor, St. Anselm, St. Bruno, [Alexander of] Hales, St. Thomas Aquinas, William of Paris, Rupert, [and] the Master—so that there is no need to repeat them here. And so teach Molina (disp. 2 On the Work of the Six Days), Pererius (bk. 1 on Genesis, disp. 27), Suárez (bk. 1 On the Work of the Six Days, ch. 4), Tanner (q. 2 On the Heaven, and vol. 1 of the Summa of Theology, disp. 6, q. 2, dub. 2), and Salianus (Apparatus to the Annals, ch. 6)—even though Ascanius Martinengus (in the Glossa Magna, p. 242) says that Moses, as one speaking with a rude people, handed down only the genesis of this sensible World, suppressing the creation of the Empyrean and of the Angels. But we have already said (at the third [Postulate]) that Moses was speaking not to the rude people only, but also to all the wise of the World—though not all things to all, nor explaining or indicating [them] in the same way; for he comprehended whatever can fitly and properly be understood by the name "Heaven," and according to each one's capacity. And so Philo (most skilled, indeed, in the Hebrew idiom) understood him (in the book On the Making of the World), when, expounding Moses, he says: "'In the beginning he made' is equivalent to 'he first made heaven'; for it is indeed consonant with reason that this came forth first in [the order of] generation, inasmuch as it is the most excellent of the things that were made, and consists of the purest essence; wherefore it was destined [to be] the most sacred dwelling of the 'gods' [the divine beings]—both the not-apparent and the gradually-appearing—namely, of the Angels and of Men."


[Translator's note: the printed source-name before "disp. 2 On the Work of the Six Days" reads "Aedilia," a garbling of Molina (whose De opere sex dierum is cited elsewhere on this page); rendered here as "Molina."]

[Margins: The Empyrean is not created before the visible World; Philo.]





(printed p. 209):

[XXXI.] It remains that we briefly indicate of what nature and condition the Empyrean is, and what its functions are. And first, indeed, we say that it is incorruptible—or at least not to be corrupted or dissolved at the end of the World; for so the Fathers cited at num. 26 expressly teach. [They teach] also that it is invisible to us who dwell in this life, because between us and it are interposed the Firmament and the watery heaven, which block its sight from us by their opacity; or because it cannot be otherwise—it being of the nature of that heaven to be luminous, [yet] it is not usually [visible to us].


[Margins: The Empyrean is incorruptible; And invisible.]



Next we say that it is uncertain whether it is a wholly simple body—being of the "quintessence"—or [whether it is] mixed; though [Tostatus calls it] "a certain sixth essence, in no way agreeing with material things" (the Abulensis, on Exodus ch. 13, q. 13); or rather [whether it is] composed of matter and form—and this Suárez asserts (bk. 1 On the Work of the Six Days, ch. 5), [asking] whether [its matter] be elemental or celestial, [and] whether it consist of the [matter] of the other heavens or of the same as the elements. But it is far truer that it was created not from elemental matter, but from nothing; and from a matter nobler than not only the elemental but even [that] of the other heavens—by so much nobler and far more excellent—created in a proportionate way, as Suárez concedes in the same place. Nor is it abhorrent to the mind—being congruent with the perfection both of the universe and of the Blessed themselves—that it be wholly simple, if a body can be given which does not consist of matter and form really distinct from one another; on which matter, see Suárez (Metaphysics, disp. 13).


[Margin: Whether, and of what matter, it consists.]



Add that it is also immovable—not that it could not be moved by God, [as though] of itself incapable of motion, but because in fact it is not moved, as the eighth sphere or the lower orbs are said to be moved; for it was not made for carrying round the stars. Perhaps because of this immobility, or because it is incorruptible, or because of the perpetual stability of the beatitude of the Saints, it is said to be "foursquare" (Apocalypse 21); for the square and cubic figure signifies stability. Or perhaps, because of the excellence of the spherical figure, it is round, as Aversa thinks (q. 31, sect. 4, of [his] Physics); and in this it is a symbol of the divinity. [So] St. Hilary (Enarration on Psalm 135), in those words: "the heaven [being] higher and first, and placed likewise into an orb [sphere]." Even though the Conimbricenses (bk. 2 On the Heaven, ch. 1, q. 1, art. 2) think that that heaven is really to be [taken as] extended; and Molanus ([Sentences] bk. 2, dist. 2, disp. 7, sect. 4) thinks it more probable that it is fluid, and as it were a fluid body, so that it may serve both the customary motion of the bodies of the Blessed—who run about in it like sparks in a reed-bed—and also their speech and respiration, and lest the perpetual penetration of bodies be required without necessity (though he confesses these reasons are not necessary). But Suárez (bk. 1 On the Work of the Six Days, ch. 5) thinks the opposite more probable; for, since it is truer (as the Fathers teach) that it is fixed and immovable—otherwise, by the access and motion of other bodies (namely of the Blessed), it would be moved, and almost the whole would fluctuate, [suffering] condensation and rarefaction in an incorruptible body. Now, just as the bodies of the Blessed, by their subtlety, can penetrate the other bodies, they can also penetrate the Empyrean—according to that [word] of the Apostle (Hebrews 4): "Jesus Christ, who penetrated the Heavens." Wherefore that most lucid air [will suffice]... in place of excrement and nourishment, nor will there be need of respiration. Add that the Blessed are for the most part on the convex surface of the Empyrean, as Suárez taught of the Body of Christ (vol. 2, on the Third Part, disp. 1, sect. 1 and the last).


[Margins: It is immovable; The figure of the Empyrean; Whether fluid or solid.]



The light of the Empyrean is believed to be connatural [to it], even if it be increased incredibly by the light attributed to the bodies of the Saints, and especially of Christ, according to Apocalypse 21: "And the city has no need of the sun nor of the moon to shine in it, for the brightness of God hath enlightened it, and the Lamb is the lamp thereof." But its light does not reach us—either because it is impeded by the opacity and density of the interposed heaven, or supreme Firmament (so, with Basil, Ambrose, Theodoret, and others, thinks Ascanius Martinengus, Glossa Magna p. 249); or because it is too rare [to be perceptible], or because it is not proportioned to our eyes by reason of its excessive splendour (as St. Thomas thinks, Part I, q. 12 [and q. 66]); for the excessive distance, or the resistance of the waters which are above the heavens, and similar causes which Richard of Middleton ([Sentences] bk. 2, dist. 2) and other Scholastics bring forward—that is, [these things] are not seen.


[Margins: The light of the Empyrean, of what kind; Why it is not seen by us.]



[We ask] whether the Empyrean influences these lower things. The affirmative they think more probable—St. Thomas (Part I, q. 66, art. 3, ad 5; and Quodlibet 6, q. 11, art. 19), Durandus ([Sent.] 2, q. 2), Aegidius (on 1 and 4), the Argentine [James of Strasbourg] (on 1, q. 2, dub. 1), Richard ([Sent.] 2, dist. 2, art. 3, q. 5), and Suárez (bk. 1 On the Work of the Six Days, ch. 5)—not that it has a necessary action, but [in] that it is a place containing and conserving the heaven immediately subject to it... [and that] it has some active power; and because the unity of the Universe requires some subordination, and an influx of the higher upon the lower; and finally because, since the other heavens are moved, that stable diversity of colour and of inclinations and complexions which is found in the various regions of the earth ought not to be referable to anything else than to the diverse zones of the supreme immovable heaven, such as is the Empyrean. The contrary, however, seems to me more probable: because the Fathers speak of it as a heaven having no commerce at all with natural things, and created for another end—the supernatural beatitude of the Saints—and [because] all that diversity of regions [is] for tempering the earth by a diverse temperament. So thinks of this heaven Alexander of Hales (2nd part of the Summa, q. 47, member 1), and formerly St. Thomas ([Sent.] 2, dist. 4, q. 1); now, through these [comes] Procopius of Gaza (on Genesis ch. 1), when he said: "The first heaven, on account of its immense remoteness, was by no means commensurable with the earth; hence none of its parts could aid [the lower things]." Finally, many Fathers teach that the Sun and Moon exist so that it might be clear that earthly things do not depend necessarily on the Stars, but on God alone; but if the Empyrean naturally [influenced] these lower things, for the same cause it ought not [to have needed] to be created from the beginning.


[Margin: Whether the Empyrean influences these lower things.]



But before we conclude this question: to some it [seems] not incredible—nay, probable—that either the Empyrean or the watery heaven is a spiritual mirror, in which the most beautiful things that now on earth delight the eyes of men are represented in a more eminent way, and with far more vivid colours; and that this, perhaps, is signified in Apocalypse 21, when [that city is described as built] of jasper, crystal, and the colours and kinds of other gems and stones—so that not even these [delights] should be wanting to the amenity and delight of the eyes of the Blessed; and thus a "new heaven and a new earth" are said to be created. Indeed Eusebius (bk. 11 On the Preparation for the Gospel, ch. 19) thinks that nothing pertaining to the beauty of earth and sea—which is reserved as an inheritance in the "Land of the living"—will [be wanting], but [will be] expressed in better forms, or painted with nobler colours; and he adduces the authority of Plato (in the person of Socrates) describing such a land of the blessed. But perhaps these are dreams of those unable to tear their sense and imagination away from the figure of this world, which passes away.


[Margin: Whether the Empyrean has solar [influences] and heats.]





Question 7

What was the Light made by God on the first Day of the World?

[XXXII.] On that first day, on which God created Heaven and Earth—when darkness was over the face of the Deep—"God said, Let there be Light, and Light was made." In Hebrew it stands Yehi Or, wa-[yehi] Or, that is, "Let there be Light, and there was Light"; or, better, the Vulgate, "let light be made, and light was made"; and the [Greek] interpreters [render it] kaì egéneto phôs (καὶ ἐγένετο φῶς), "and light came to be." This [light]—as St. Augustine [holds] (City of God bk. 11, chs. 7 and 9; On Genesis to the Letter bk. 1, chs. 3 and 9; Against Faustus bk. 12, ch. 10; and often elsewhere)—was spiritual, [namely] the Angelic nature; because on this side the Angels existed before those "morning stars" were made, which (Job 38) are said to have praised the Lord, "all the sons of God rejoicing," when, under that name [of "light"]—more fitting than [that] of light—their creation was indicated by Moses; since indeed no other material and corporeal light was emitted, except that which was deferred to the fourth day, on which the stars [were made]—even though others [hold] that the Sun was founded on the first day. But both [views] are false.


[Margin: The light of the first day—corporeal or spiritual.]

[The sentence is completed from the top of p. 210, where Riccioli adds that St. Jerome (allegorically), Eucherius, Bede, Isidore, the Glosses, and especially Rupert lean to the "spiritual light" view, while the common opinion of the Fathers and Doctors holds it a corporeal light.]





(printed p. 210): The page weighs the two opinions on the nature of the first-created light. Jerome, Eucherius, Bede, Isidore, the Glosses, and above all Rupert incline to a spiritual light, while Hugh, Alexander of Hales, the Master, and St. Thomas merely decline to censure that view. The common opinion of Fathers and Doctors, upheld by Pererius, Martinengus, Suárez, and Tanner, is that it was a corporeal light, as the literal sense demands, opposed to the pre-existing darkness and marking the first visible days.


[Margin: Hebrews 1.]



Moreover, [there are] the reasons which the Fathers adduce, for which this was most fittingly first of all made by God—the first light, [a light] of corporeal light: namely, because light is the first of all active [things], and befits both higher and lower bodies, and is necessary that the rest be rendered visible; for which [end], together with the Stars, God had decreed to produce plants and herbs and make them conspicuous to the world, that from insensible [things] visible [things] might come to be. Then, God wished to show that all that light—which makes day for us, and by the motion of the Sun and Moon measures the times, and is the universal ornament of the Heavens and the elements, and the vehicle of species and influxes—does not depend elementally on the Stars; and so [he wished to show] that they are not to be venerated with divine worship. But it was required that [the first light] be of the same species as that which afterward he granted to the Sun and Moon as [his] servants, and to the rest of the world. Finally he argues [from] what the Church supposes, [when] in the hymn at Vespers on the Lord's Day it sings:


"O best Creator of light, bringing forth the light of days, who, with the first-beginnings of new light, preparest the origin of the world; who biddest the morning, joined to the evening, to be called 'day'..."



[XXXIII.] But what, or of what kind, was that corporeal light? [1] That it was elemental Fire—which, separated from the other elements (being the lightest of all), would illuminate everything—was the view of St. Gregory of Nyssa (On the History of the Six Days), Hamer (in St. Cyril, bk. 2 Against Julian), St. Damascene (bk. 2 On the Faith, ch. 7), and nearly so Alcuin (on Genesis) and Hugh (ch. 6). But elemental fire is reckoned too rare to be apt by [its] force for illuminating and constituting the day.


[Margin: Whether the primigenial light was fire?]



[2] Others say it was a luminous cloud, or something similar, established either in the East or in the Meridian of that Horizon where Paradise [later was], which would perform the office of the Sun: so Strabo (Glossa Ordinaria), Hugh of St.-Victor, Richard of St.-Victor (bk. 1 On the Sacraments, chs. 9 and 10), Hugh of St.-Cher (in his postils, via Comestor, ch. 1 of the Scholastic History; [Hexaemeron] chs. 5 and 6), Catharinus (in his postils), Tostatus, the Master ([Sentences] 2, dist. 13), St. Bonaventure ([Sentences] 2, dist. 1, art. 1, q. 1), and Alexander of Hales (part 1, q. 46, member 1).


[Margin: Whether a luminous cloud?]



[3] Others said it was the Sun, but [endowed] with a determinate power and particular effects—whether without the usual assumed density of the globe and [its] figure, and endowed with a slight light: so St. Thomas (Part I, q. 67, art. 4, adding St. Dionysius the Areopagite; and q. 70, art. 2, ad 3), Vielmus (lectures 3 and 10 on Genesis), Aegidius (part 2 of the Hexaemeron, chs. 5 and 6), the Carthusian (on Genesis, disp. 2), Suárez (bk. 2 On the Work of the Six Days, ch. 2). Or the Sun indeed, but of an ampler figure than is now given (as Steuchus thinks, in the Cosmopoeia); or the Sun equally as [it is] afterward, but not shining—then moved only by the motion of the prime mobile, but afterward (from the fourth day) receiving its own [motion] with the other planets.


[Margins: Whether the Sun?; Whether [moved] only by the motion of the prime mobile?]



[4] Others [said] it was a splendour put into the Empyrean: as St. Bruno insinuates (in his book on Genesis, bk. 2) and William of Paris (in the part On the Universe, chs. 40 and 41)—which greatly pleased [Alexander of] Hales (part 1, q. 46, member 2). [5] But others [held] that it was indeed [the light] of the Sun, but not yet added to the globe, [a light] which afterward, on the fourth day, was inserted into it; and very many have thought so (to be cited below). This opinion especially pleases Adam [Tanner] (disp. 7 On the Work of the Six Days), Eugubinus (bk. 7 On the Perennial Philosophy, ch. 8), [and] Tanner (vol. 1, disp. 6, q. 2, dub. 3) for the first day of the world; and it greatly appeals to me too (provided we say that that light was of the same species as the light of the Sun, and sustained by the heaven and air as [its] subject, rather than the same in [numerical] individual). For thus it is expounded according to the letter: how on the first day light was made, and on the fourth day a Luminary or the Sun; and [how] on the fourth [day] this globe of the Sun [was made], which would produce light of the same species, dependently on God—light of which species God alone had also produced before, by himself or through an Angel, varying [it] in that way in which the Sun now [does]; for as long as the Sun does [it] now, God alone could do [it], drawing it out of the potency of diaphanous bodies successively. For it comes [out] truer, the species being distinguished by days and by names. And so on the first day light, and on the fourth day the vehicle of light, was made—[so] Basil, Isychius, or Procopius; and this indeed the Church seems to hold, when, after those words ["Lucis Creator optime"], it sings [in the hymn Caeli Deus sanctissime]:


"O most holy God of heaven, who paintest the bright centre of the Pole with fiery brightness, increasing [it] with comely light; who, on the fourth day, constituting the flaming wheel of the Sun," etc.



The reason why God willed to produce that very light (that is, of the same species) which afterward he granted to the Sun to propagate, is that which we have already indicated: namely, that men might be kept from idolatry, and from [rendering] divine worship especially to the Sun; which [reason] more surely [is] touched on by St. John Chrysostom, Philo, St. Basil, St. Ambrose, Severianus, Procopius, [and] St. Dionysius the Areopagite (bk. 4, adducing [it]). And these things, [taken] literally [in Dionysius] ch. 4—for from the Greek it is more faithfully rendered: "Light is the measure of hours, days, and of all gliding time"—as much as to say, [it is] such; and if then there was light, Greek phôs aschēmátiston [unfigured light], by whose force the divine Moses too says that there was that first day and night, which yet [were] distinct, and which he distinguished. He wishes, therefore, [the first light] to have been of the same species as today's Solar light; and he calls it "formless," or lacking figure, because it had a figure determined to no body.


[Margins: SS. Chrysostom, Philo, Basil, Ambrose, etc.; St. Dionysius the Areopagite.]



Which same thing, in clearer words, St. Gregory Nazianzen (Oration 43) [says]: "...having imparted the first force of this light to the lower [things]"; for he joined his workmanship to the Great Light, and "to begin [the world] with light," by which to lay waste the darkness, he dispelled that heap and confusion of things occupying all. "Nor indeed did he produce it organically from the beginning, nor (in my judgment) as Solar, but devoid of body and of [the] Sun"—in Greek ásōmon kaì aschēmátiston ["bodiless and unfigured"]—"but afterward it was handed over to the Sun for illuminating the world. For although in other things [God kept the confusion], so that he might first compact the matter and then adorn it with form—namely, imparting to each [thing its] order, figure, and mass—here he displayed the specimen of a greater miracle, [in that] he brought forth the form before the matter (for the form of the Sun is light), but afterward introduced the matter—namely, subjecting this Sun to the eyes," etc.


[Margin: St. Gregory Nazianzen.]



For although in this sense I admit that that light was created by God independently of a sustaining subject (just as [independently] of a primary subject), and without the concurrence of the air and heaven producing it—even if it was [in fact] sustained by the air, heaven, and water—[I hold this], for there was no need of a greater miracle, for the end which God had set himself; nor [is it right] to multiply miracles in [the matter of] darkness without necessity. For rightly St. Augustine (On Genesis to the Letter, bk. 8, ch. 1): "For now [we must consider] in what way God [established] the natures of things according to the Scriptures"; wherefore miracles are not to be multiplied... [and God] does not expend [more] of his power upon a miracle [than is needed]. But Scripture says, "God said, Let there be light"—which formula he used when he created not properly [from nothing], but from pre-existing matter, or produced something in matter; therefore he did not create the light properly nor absolutely, but [only] relatively to its proper subject; and in this sense I accept that it was an accident subsisting without a subject.


[Margin: The miracles of the natures of things [are] according to the Scriptures.]

[The sentence is completed from the top of p. 211; p. 211 then continues with St. Basil's words (homilies 2 and 6 of the Hexaemeron) and the analysis of light as an accident.]





(printed p. 211): The page argues that St. Basil's words in the Hexaemeron do not bind us to any contrary view: in homily 2 he says God's first voice created the nature of light, and in homily 6 that the body of the Sun was founded on the fourth day as a vehicle for that primigenial light.

Lest, however, what I have said seem incredible—namely, that light and splendour are something other than the body underlying the light and [other than] its subject—[consider that] all composite things are wont to be divided into a receiving substance and into that [quality received] in it. As, then, whiteness and the whitened body are diverse, so also those things differ of which we have just spoken—[though] they are seen [to be separable only] by the power of the Creator. Therefore do not say to me that it cannot be that [light] be separated from the body of the Sun; for I do not say that the separation of light from the Sun's body is perfect (and this suffices me), but I judge it must be asserted that they can be disjoined from one another by the mind's mere thought—[and that God could separate them in fact] by that power by which he created [their] nature.


[Margin: St. Basil.]



Most beautifully too, for our purpose, [does] Theodoret (on Psalm 148), where, weighing that verse "Praise him, Sun and Moon; praise him, all ye stars and light," he does not approve the version of Symmachus, who renders "stars of light," as if the stars were the same as light, but [holds them] the principal causes of light; that is: "And so, according to the Septuagint, it must be understood thus: on the first day God made light, but on the fourth the luminaries; and therefore the Psalmist made separate mention of light—not that [the stars] are luminous of themselves, but because [light] needs the luminaries of the stars [as vehicles]." So too (q. 14 on Genesis), distinguishing creation taken most broadly from creation taken more strictly, he says: "The Lord God [created]... for first he created heaven from heaven; but afterward made [the rest] in the water," etc.; "therefore he created light also, just as [he created] similar things; and he created that light at his own will: he made the great luminaries," etc.


[Margin: Theodoret.]



And St. Athanasius, gathering that that light was distinct from the body of the Sun, and was made before [it], then collected and attributed to the luminaries, hands [this] down (q. 83 on Genesis), on those words "Let there be light," saying: "That light is not the Sun. But of what kind that light is, hear: This light is that morning [light] which rises at dawn and illumines the world before the Sun rises. Since this light was great and most splendid, God divided it into the luminaries, the Sun and the Moon," etc.; and (qq. 84 and 85): "He divided into luminaries that great light which God had made; which, [being] thus distributed hither and thither, was somewhat diminished—which, had it not been done, the animals could not have borne the great blaze and splendour of so great a fire."


[Margin: St. Athanasius.]



The same distinction of light from the substance of the Sun St. Ambrose inculcates (bk. 1 Hexaemeron, ch. 9), thence declaring how the light was first produced by God, and then the luminaries: "The light of day is one thing, the light of the Sun, Moon, and Stars another"; which he proves from the light of the Dawn preceding the day, without the presence of the Sun.


[Margin: St. Ambrose.]



And St. Augustine (bk. 1 On Genesis to the Letter, ch. 1), having raised that Question—"If, then, something was made in the power of the day... and that light of the day sufficed for making [day], by which it was also called 'day'"—answers: perhaps the Sun was made for illumining the [whole] earth, since that first light perhaps illumined only the higher [regions]; then he adds: "This too can be said—that there is a brightness of the day; the Sun being added, [the first light] remains less bright [than the Sun's]." For he alludes to that [text] of Psalm 135[:8–9]: "the Sun for the power of the day, the Moon and the Stars for the power of the night," or for [their] prefecture, as St. Chrysostom reads (on Genesis): "that is, that the Sun too may make the day brighter by its rays," he says.


[Margin: St. Augustine.]



Excellently too, for us, Procopius of Gaza (bk. 1 on Genesis) indicates the same—more fully, but [more] forcibly—[in] these words: "In the first place, by the intervening divine voice [the light was made]; then at last the receptacle of light was founded—as the soul is [one thing], and fire [another], and the lamp another. For [the body] was made for the light, which lacks matter, or [is] as it were a body; since composite things too are divided into a substrate and a quality which inheres in the subject." For he shows the material [aspect] of light, the potency of the day... [and] confirms [it] both from the fire shining in the bush of Moses, not burning, and from [the consideration] that the splendour was separated from heat or calefaction; and [from] that [text] of Psalm 28[:7], "the voice of the Lord dividing the flames of fire"; and he adds, perhaps according to some opinion, that on the last day that fiery light will be rendered to the pious [as light], but the burning force of the fire attributed to the impious; and, finally, he calls the light of the Moon (now full, now waning) a "quality."


[Margin: Procopius of Gaza.]



The other Procopius (in his Commentaries on Genesis, ch. 1): "God, taking the purest part of the primigenial light, transferred it into the Sun, and distributed the rest among the Moon and the other stars"—which Apollinaris also holds. Nor is the opinion of Junilius (in the Hexaemeron) to be repudiated, who teaches that by that "Let there be light" the elemental light was in the waters and in the abyss of waters (which he thought then reached up to the Empyrean); nor is it to be wondered at if light shine in water, since oil poured from the mouth of those who swim under water shines in the water. On those words "Let them be for signs and seasons," he adds: "For that whole three-day [period] passed in its own undivided course, having no [measure] of hours; because the light, [as] yet primarily and generally filling all and having no head [focus]—which now happens with the Sun—nowhere had approaching rays shone forth." That the light was made before the [luminary], Tertullian also supposes (in his book Against Hermogenes); [and that] the Sun and light were not at once impressed on the stars. Various poems of the Fathers on Genesis are adduced, and the Sibylline [verses]; but, lest I be too prolix, [I refer] the reader to Ascanius Martinengus (in the Glossa Magna, pp. 482–488).


[Margins: The other Procopius; Apollinaris; Junilius; Tertullian.]



Paulus Burgensis, too, plainly agrees with us—namely, that that light was the three-day light, and the Sun [came] only on the fourth day; and since in Hebrew [the word is] Or [for "light"], but for the Sun Maor [for "luminary"], by the name and by the verbal distinction he sufficiently indicates the diversity of the lights produced. Burgensis favours us in the same [comment] on Genesis, where he notes that it is said "Let there be light," not "luminary"—that is, not "let there be a lucid [body]"; for [a luminary] is not [merely] light, but a luminous body containing light, and therefore expressed by Moses [as] a substance on the fourth day; and then that that light was [received] in the subject of the Sun, [so that] the Sun, once produced [on the fourth day], ought to be said to produce light, [and] whatever is luminous; [and] because earth and water [already] existed, it is said (Genesis 1): "let the earth bring forth the herb, and let the waters bring forth the creeping thing." And most subtly he observes that on the fourth day it is said "luminaries, that they may divide the light from the darkness," but on the first day this is not said, because then the light [was alone]. And in this he dissents from us—in that he thinks that light was of a different species from the light which the Sun now produces, because [he holds] it inconvenient that the Sun's light should have been without the Sun as [its] subject, and before its subject. But there is no [difficulty]; for, against [this], many of the already-cited Fathers teach clearly enough both that [the light] was [there] by common reasoning, and that it was created by a miracle by God alone—then produced, without the Sun sustaining and producing it.


[Margin: Burgensis.]



But you will say, with Pererius: the first day, on which the World was created—and which the Church calls "the Lord's Day"—was called by the ancients "the day of the Sun" (dies Solis); therefore [it is] a sign that that light was of the Sun. But Martinengus answers that this argument is very weak, since "the day of the Sun" was so called by the heathens, out of superstition or astrological vanity (the same who also called the Sabbath "the day of Saturn"); nor would Pererius concede that, on the last day of that first week, on which God rested from [his] work, it was "[the day of] Saturn"—or that, on account of the primacy of light, the first day was written [as] the Sun's.



Question 8

On the distinction of the first three days from the nights, from those words: "And he divided the light from the darkness; and he called the light Day, and the darkness Night; and there was made evening and morning, one day."

[XXXIV.] "Day," in Hebrew, is called Iom, from the verb Ham, which is "to make a din"—from the future din [of activity]; or [the day is named] either from horror, or from the weariness [it brings] by reason of the long watch and want of rest. And "evening" [is named] from the verb Ereb, from Harab, which is "to join"—that is, the evening [joined] to night; "morning," finally, is called Boer, from the verb Bacar, which is "to discern." These [things] premised, I suppose those darknesses which were over the face of the deep to have preceded the primigenial light not only in origin, or as it were in nature (as St. Bonaventure problematically defends, [Sentences] 2, dist. 13, art. 1, q. 2), but also in duration—as St. Thomas supposes, with the common [opinion] of the Fathers (Part I, q. 74, art. 3; indeed q. 66, art. 2; and [Sentences] 2, dist. 13, q. 1, art. 4). Nor do I think it probable—whatever Suárez may say (bk. 2 On the Work of the Six Days, ch. 2)—that [the darkness] was in one hemisphere only (Palestine's, say), but [it was] simply over the whole face of the deep.


[Margins: The darkness prior in time to the light, and everywhere; Whether [there was] time before the light?]

[The sentence is completed from the top of p. 212; p. 212 then continues with the supposition that the whole duration up to the production of light may be called "time," even with no motion yet.]





(printed p. 212): The page argues that the whole duration before the production of light may be called "time"—or at least measurable time—even if nothing then moved, comparable to the Sun's standing still under Joshua. How long that duration lasted is uncertain; opinions differ on whether the light was first made at noon or on the horizon, most recent doctors supposing the first artificial day was equinoctial, of twelve hours like the night.

Finally, I suppose that the primigenial light was not so produced as to be radiant in the middle of that hemisphere in which the darkness was, even if [it shone] to that whole hemisphere—even though Anastasius Sinaita said: "The first light, expanded and dispersed through the whole universe before the [following] days, showed the light of the uncreated Trinity to reach everywhere, and to leave no place empty" (which you may understand of its successive propagation, as happened... it left no place empty except, during that three-day [period], [where it shone only] with a very faint splendour). For thus it is better explained how God "straightway divided the light from the darkness"—namely by place (or subject) and by time: in that, by placing that light in one hemisphere [of the world], he willed it to be light; he produced light in that [hemisphere], [distinct] from the [other] hemisphere where the darkness was; and at a different time, in the same hemisphere, he willed there to be light and darkness. These things being laid down, let us dispatch in a few brief [words] the chief matters pertaining to Astronomy.


[Margins: The darkness prior in time to the light, and everywhere; Whether [there was] time before the light?; That light in one hemisphere only?]



[XXXV.] I say, first, that that primigenial light [was produced] in the lower hemisphere of Palestine, or of the terrestrial Paradise (afterward to be founded)—as Jerome wished (reported by Oleaster), and Catharinus (Enarration on Genesis ch. 1), positing it, or the Sun, produced on the first day in the [region of] sunset; or [holding] that the natal day began from the beginning of night, that is, from the evening; but [the light shone first] in the upper [hemisphere], in which the future human habitation was [to be], in which Christ would afterward work salvation, as in the middle of the earth. For that this hemisphere was first illumined, Junilius and Bede teach (in the Hexaemeron), Comestor (ch. 1 on Genesis), Strabo (Glossa Ordinaria), Hugh (on this passage), Molina (disp. 2 On the Work of the Six Days), and Salianus (on the first day of the world). I said "of Palestine, or of Canaan," on account of Christ, and most of the Patriarchs [and] the Prophets—which Molina, Tostatus, Martinengus, and Salianus also suppose; even though St. Augustine (bk. 2 On Genesis to the Letter, ch. 10) and Suárez (bk. 2 On the Work of the Six Days, ch. 1) [specify] neither [hemisphere], seeming to suppose only that it was done in that land in which God had made Adam, or the Paradise; while Steuchus [places it] in Armenia, Chaldaea, and Mesopotamia, where the first men dwelt before and after the flood.


[Margin: Light produced in the upper hemisphere of Palestine.]



Secondly, I say that that vicissitude of days and nights was made with some succession; for it cannot have happened all at once—which Junilius seems to wish (in the Hexaemeron, on those words "let them be for signs and seasons"), saying: "For that whole three-day [period] above passed in its own undivided course, having no [measure] of hours at all; because the first light, generally filling all and having no head," etc., "no shadow grew cold under heaven or tree." For although there was no gnomon to cast a [shadow], no one to distinguish the day into hours, and [although] the local motion of light [is] not, properly [speaking], time—[yet], because... the time of night succeeded to day, nor through that three-day [period] was it everywhere day (which Junilius himself afterward conceded, as I shall show below at num. 36)—[so] in some way God did "divide the light from the darkness." Or how would "evening and morning" have made the first day, and the second, and the third?


[Margin: That light successively applied to different horizons.]



[XXXVI.] Thirdly, therefore, I say that that vicissitude of light and of nights was [made] successively, according to turns and different Horizons, by a translation or transfusion equivalent to local motion. For that division of light from darkness was such that not only did day then exist (and darkness, night), and represent [day and night], but also then Morning succeeded to Evening—[as] now most easily [it does] in its proper [way], in that manner in which it can [be done] even now (the Sun aside, and for us [now] bounded by the Sun's rays)—God, namely, producing the diurnal light successively in that way in which the Sun now produces it. And this St. Augustine (bk. 1 On Genesis to the Letter, ch. 1) expressly said was then done: that when it was day in Palestine—that is, [day] beginning—it was night elsewhere, in Africa. Because, at the time when the Sun was not present in [that] part... nay, [it was] as if the presence of the light illumined, as though the Sun returned from the West to the East, and through this, in all 24 hours, [light] was not lacking—by the reckoning of a circling gyre—here day, there night; and that those [days] were similar to ours (the Sun aside), St. Justin teaches (q. 26); for he says of that light: "[It is] of the same kind which now, with the Sun [as its instrument, God] causes to make [the day]," etc. Strabo too (in the Glossa Ordinaria): "The light setting little by little, and—after the space of a day's length—the lower parts [coming into shadow] one after another, evening was made, just as now you see it wont to be done [by] the Sun going round the earth. And morning was made, as it were [with the light] returning over the earth and beginning another day; and the day was completed in the divine space of 24 hours." Then Hugh of St.-Cher (in his postils) affirms differently: that that light, carried round in the manner of the Sun, illumined both the upper and the lower hemisphere.


[Margins: That succession [made] by a translation equivalent to the Sun's local motion; St. Augustine; St. Justin; Strabo; Hugh of St.-Cher.]

[¶XXXVI continues on p. 213.]





(printed p. 213): The page adds Junilius, who preferred to call the first periods "Evening and Morning" rather than night and day, the primary light's circuit anticipating the day now borne by the Sun. It is commonly noted that those first three nights were darker than now, since the stars were lacking and the air outside the earth's shadow was not yet illumined by reflected sunlight.


[Margins: Junilius; The first three nights darker; Cajetan.]



Most clearly Cajetan (on Genesis): "If the light had been fixed, and it had been certain that the light was fixed [in place], there would have been perpetual day in one hemisphere and perpetual night in the other, and there would never have been an evening terminating the artificial day. Whence, from this—that there was an evening terminating the artificial day, and there was a morning terminating the night—it is manifestly signified that the light was made in motion; for, on the contrary, it is by the light's motion around the earth that evening is made and morning is made." But if he understands a local motion of the light—an accident migrating from subject to subject—he multiplies a new miracle without necessity, and such as does not now happen. Therefore, just as now the production [of light] is made, one [ray] after another in number, by straight lines from the Sun, so then it happened: by a mere [successive] production equivalent to local motion. And so [I conclude] on these [matters], with Salianus (on the first day of the world) and Tanner (vol. 1, disp. 6, q. 2, dub. 3, num. 11).



Question 9

Whether the Day preceded the Night, or the Night the Day.

[XXXVII.] It must be repeated from what was said (bk. 1, ch. 24): the more ancient [authors], and those more skilled in Latin speech, called "Natural Day" that which is the staying of the Sun above the Horizon, and distinguished it from night; [it is] legitimate to call "day," or "light," [the period opposed] to night not only by [bare] opposition. But most of the more recent Astronomers, or interpreters of Scripture, call "Natural Day" that which is composed of [the] day[light] and night [i.e. the 24-hour day]; and the staying of the Sun above the Horizon they call "Artificial Day"—with whom, as [being] far more numerous, we shall henceforth speak.

These premised: [1st Opinion — the Night/Evening preceded.] That the Natural Day, begun from the Evening as [its] starting-point, was begun at the first beginning of the world, the Manichees of old thought; [whom] Augustine reports (bk. 1 On Genesis against the Manichees, ch. 10), on those words "and there was made evening and there was made morning, one day," thus: "And here the Manichees calumniate, thinking it [was] so said as if the day began from the evening." But [the night-first view] has as supporters Thales of Miletus—who, asked which preceded, the darkness or the night, answered that the night preceded; likewise the Abulensis [Tostatus] and Fernandus (in their commentaries on Genesis, on those words "and there was made evening and morning, one day"), Melchior (disp. 2 On the Work of the Six Days), Salianus (in the Annals, on the first day of the world), and Tirinus (in the Sacred Chronicle, ch. 1)—who think that those prior Darknesses were of 12 hours, undivided, and, as [it were] the first night, preceded the first artificial day; and that from both [night and day] the first natural day was constituted; and so the natural day began from night, although the artificial [day] began from the rising of the light. Therefore [Moses, in saying] of the first natural day "and there was made evening and morning," named the evening (that is, the night) in the prior place.

Which they confirm from that [text] of Leviticus 23[:32]: "from evening to evening you shall celebrate your sabbaths"; which seems an argument that the Hebrews, from the very origin of the world, began the natural days from the beginning of night—as most cities of Italy reckon [from] the evening, and as the Athenians did of old (witnesses Pliny, bk. 2, ch. 77; Gellius, bk. 3, ch. 2; Macrobius, bk. 1 Saturnalia, ch. 3; Censorinus, ch. 23), counting 24 hours from sunset to sunset. And indeed this opinion is very probable, and I have elsewhere chosen it; and they confirm it: First, because God divided the primigenial light from the darkness; but as soon as this is heard, there occur to the reader of Moses those darknesses which were over the face of the deep—therefore, since God called the darkness "night," he comprehended those [pre-existing] darknesses too under that name; wherefore both properly and literally they were night, [and so] that natural day began from night. Secondly, Genesis 2 says, "in the day in which the Lord God made heaven and earth"; and Exodus 20[:9–11]: "Six days shalt thou labour and do all thy works; but the seventh day is the Sabbath of the Lord thy God; thou shalt do no work in it, thou nor thy son," etc.; "for in six days the Lord made heaven and earth, the sea, and all that is in them, and rested on the seventh day; therefore the Lord blessed the Sabbath day and sanctified it" (repeated, Exodus 31). Since heaven and earth were created at the first instant of the time of this world, and before the production of light, that whole time—from the first creation of heaven to the production of light—belonged to the first of those six days; for it would seem very absurd that there was some time which did not pertain to those six days, or [that it] pertained only as an extraordinary appendix; [a time] which, with the artificial day and the following night, constituted one natural day, longer and unlike the rest. Thirdly, it is certain (from Leviticus 23, and from the Hebrews' custom of celebrating the Sabbath and resting from all work, taking the beginning from the evening, by God's command) that the reason of this precept was that they might remember and imitate that first Sabbath, on which God rested from all the work he had prepared; so that, just as they ceased from all servile work immediately at the beginning of night, and thence began the Sabbath (and now too begin it), so God too seems to have ceased from all work at sunset, or at the beginning of night, and so to have numbered the six natural days thence, and there completed them—not from sunrise to sunrise.

Whence it is clear that what Martinengus says (Glossa Magna, p. 545) is neither certain nor more probable: that the Hebrews, just as they had a double year (per Philo), so had a double day—namely a natural and ancient [day], which they began from sunrise, and a legal [day], which [they began] from sunset; and that the true cause of this change was that they departed from Egypt in the evening. For although the beginning of the Sabbath was confirmed also for this cause, and they explained it on that occasion (which perhaps could come into question), yet the prior—and prior in reason—[ground] was the imitation of the Lord, who [began] working at the beginning of night. Nor does it seem to be despised, that not only the Athenians (as we said above) but also the Egyptians of old began the day from sunset, as Alexander ab Alexandro teaches (bk. 4 Genial[es Dies], ch. 10)—[a usage] which the Jews [too had learned]; and that "Night, born of Chaos," is said by Hesiod (in the Theogony) to be, as it were, prior to day—just as Chaos was prior to the distinction of things.

Fourthly, if anything stands against this opinion, it is chiefly the opinion of many Fathers and Doctors; but they seem able to be reconciled, by conceding to them their principal intent—namely, that the first artificial day, and the rest thereafter, began from the East (that is, from the rising of the light in the East first, and thence propagated to the other regions)—against those who [hold] it produced in the meridian or in the west, so that the [first] natural day, from the first instant of the creation of the World, began under darkness for some hours to come. Nor does it stand in the way that this opinion favors that of the Manichees; for in this [view of theirs] there was nothing established as erroneous [merely by the precedence]; [their error lay] in this as a tacit foundation—saying that there were two principles: one of evils, which preceded and produced darkness and evil as something positive and a kind of substance; the other of goods. And therefore the holy Fathers, with St. Augustine, contended that evil and darkness are not some substance produced by a positive action, much less [from] a diverse principle—though, to undermine their [Manichee] foundation, St. Augustine [argued the point against] those [who held things] began from the dark. Finally, St. Jerome (on ch. 1 of Jonah) says: "For in Genesis too, the night is the morning of the following day; therefore [it is] the beginning of the future [day], not the end of the past."


[Margin: Arguments that the Night preceded—i.e. that the natural day [began] from night.]



[XXXVIII.] The second opinion maintains the precedence of the Day; and indeed, if we follow the mere authority of the Fathers, [it has the wider support]; for, except St. Jerome, [most]—[who] would call those prior darknesses "night" only from [the time] when [the day] first began—hold rather that [the natural day began] from the rising of the first light, that night succeeded to it, and that from these, up to the following morning, the first natural day was constituted. And St. Basil supports [this] (homily 1 of the Hexaemeron); for he said: "Evening, indeed, is the boundary both of day and of night"—therefore common [to both]—"but morning, likewise, is the neighbourhood of night and day." So that, in the primigenial creation, to give the prerogative of priority to the day, he commemorates the end of the day itself in the prior place; then he adds that [the evening] is the last [part] of the night, since the night follows the day.


[Margin: 2nd Opinion: that the Day preceded; St. Basil.]

[The sentence is completed from the top of p. 214, where Basil adds: "that prior state of the world—before the rising of the primigenial light—was not called 'night,' but 'darkness'; for night is that portion of time which is distinguished and opposed to day"; and Riccioli notes that by "evening and morning, one day" Basil seems to express only the two parts of the artificial day, the night being implied as the less-principal complement.]





(printed p. 214): The page continues the discussion of the first day's reckoning: the state before the primigenial light was called "darkness," not "night," since night is defined by opposition to day. St. Basil's phrase "evening and morning, one day" expressed only the two parts of the artificial day, with night understood implicitly as the less-principal complement of the natural day, as in the scriptural idiom "the days of our years."

And in all these St. Ambrose subscribes to St. Basil (bk. 1 Hexaemeron, ch. 10); for he raised this question: "Some ask why Scripture mentioned the evening first, [and] then the morning—lest perhaps it seem to signify the night before the day." [He answers] that, since [Scripture had just said] "God called the light Day, and the darkness Night," and since the evening is the end of the day and the morning the end of the night, therefore, by the prerogative and the natural primacy of the day, he first signified the end of the day, and then, after [naming] the darkness of night, as it were added the end of the night; for Scripture could not put our [whole reckoning of the] day first, lest by the appellation "day" the times of day and of night [both] be comprehended—[and so] he vindicated the principal authority to the name [day]. He confirms it from that saying of Psalm 89 and from Jacob, as St. Basil [did]. And so, according to these holy Doctors, the sense of those words "and there was made evening and morning, one day" resolves into this: "There was made, in the evening-time and the morning-time, one day"—understanding the night as a complement, [extending] to the beginning of the following artificial day.


[Margins: St. Ambrose; St. Chrysostom; St. Nyssen.]



St. John Chrysostom confirms [this] (homily 3 on Genesis), expressly naming the end of the day and the end of the night [as] one, so as to establish some order and sequence of visible things; and (homily 4 on Genesis), where "although one may rightly say... [that evening is the end of the day], but morning the end of the night, [and] the complement [is] the day; for this Scripture wishes to make manifest, saying 'and there was made,' etc." In the same way St. Gregory of Nyssa (in his book On the History of the Six Days) understood the names "evening" and "morning": "He names the retreat and setting of the light 'evening'; and again, when the [fire] had run through the lower circle and restored splendour to the upper parts, he calls that dawning 'morning'" (remembering that, in his view, the light was fire, separated first of all from the rest of the elements).

St. Athanasius (q. 90) [says] distinctly: "From the primitive creation of the world, etc., the day was prior—as the divine Scripture also speaks, in that it said 'God said, Let there be light, and light was made,' and that God called the light 'Day,' but the darkness 'Night.' First the light was set, for through it the first day existed; and from the light it first began, [and] into the darkness we came afterward."


[Margins: St. Athanasius; Procopius.]



More fully on this once-celebrated controversy disputes Procopius (in his Commentary on Genesis ch. 1): "Much has been disputed [as to] whether day or night preceded." [Those] who believe night [to be first] proceed thus: "God therefore, when first the day flowed forth, set first the end of the day, namely the evening"—as if, the day [being] antecedent, when it failed into darkness, then at last, from its end, night was begotten; for night, as [it were] the other side of the work, is brought to us from the preceding day. But that [period] which [is called] night before the rising of the light is properly called not "night" but "gloom and darkness." And since the Greeks call the natural day nychthḗmeron (νυχθήμερον), as it were "night-day" (consisting of night and day), Procopius in the same place thinks it should rather be called hēmerónykton (ἡμερόνυκτον), as it were "day-night," because the day preceded in this composition. Further, St. Damascene (bk. 2 On the Orthodox Faith, ch. 7): "But the first [period] was not called night, but day; wherefore the day is first; the night therefore follows the day; and from the beginning [there is] day [extending] to the next day—one [whole], so as [to be] a 'day-night'; for Scripture says, 'and there was made evening and morning, one day.'"


[Margin: St. Damascene.]



Thus far from the Greek Fathers (though, on account of the affinity of interpretation, we have already woven in St. Ambrose with St. Basil). Therefore, [to come] to the rest, the Latins: St. Augustine (bk. 1 On Genesis against the Manichees): "But after this operation—that is, of the light made—as from a finished day, evening was made; yet, because the night too belongs to its own day, one day is not said to have passed unless the night too is finished, [at which point] one day was made"; and so the rest of the day is reckoned from morning until morning—which he repeats (On Genesis to the Letter, Imperfect [Work], ch. 7, and bk. 1). Eucherius too uses almost the same words as St. Ambrose above (bk. 1 Commentary on Genesis, ch. 1); and Julian, Archbishop of Toledo (bk. 3 Against the Jews): "In six days God made heaven and earth, and founded every creature formed by him on distinct days; and we behold the day beginning with this [morning], [and] consummated at evening, Scripture saying, 'there was made evening and morning, one [day].'"


[Margins: St. Augustine; Eucherius; Julian.]



Junilius too supports these (in the Hexaemeron): "Evening was made, the light departing little by little, etc., the space of a day's length being completed as the lower parts of the World came under [shadow], etc. And morning was made, the same [light] returning little by little above the lands and beginning another day; and so far one day was completed—namely, of twenty-four hours. For it was fitting that the day, beginning otherwise from the light, should reach forward into the morning of the following [day]." These very words Strabo has (in the Glossa Ordinaria).


[Margins: Junilius; Strabo.]



In exactly the same way understood those words "evening and morning, one day": Hugh of St.-Victor (adding that the primigenial light, risen in the East, was without a preceding Dawn, and that the day naturally soon precedes—so he, bk. 1 On the Sacraments, part 1, ch. 9); also Richard of St.-Victor (bk. 1 Exceptions, ch. 7): "That light, at first, and in the place where God now daily [makes it] rise, and by the same way by which the Sun [goes], is believed to have moved, and so to have completed evening and morning; and this was the work of the third day." Add to these Hugh of St.-Cher (in his postils): "For the light," he says, "proceeding in the East toward the West in the manner of the Sun, [and] poured back—evening was made; and [going] under the earth and coming to the East, morning was made, and the day was completed; and thus [it is] natural, of twenty-four hours." So too think and speak Comestor (ch. 3 of the Scholastic History on Genesis), the Master of the Sentences (2, dist. 13), Lyranus (in postils), Albertus Magnus (part 1, On the Four Coeval Things, q. 12, art. 1), St. Thomas (Part I, q. 74, art. 3), St. Bonaventure (2, dist. 13, art. 1, q. 2, on Genesis), a certain Dionysius the Carthusian (Commentary on Genesis, art. 9), Caietanus (on Genesis ch. 1), Vielmus (same, lect. 3), Lippomanus (in the Catena), Pererius (bk. 1 on Genesis, ch. 54), Martinengus (in the Glossa Magna, from p. 540), and Suárez (bk. 2 On the Work of the Six Days, ch. 3, num. 12)—whose words it would be too prolix to report. Nor does Tostatus disapprove this opinion in his Commentaries on Genesis, but reports it also as probable.


[Margins: Hugh of St.-Victor; Richard; Hugh of St.-Cher; Comestor, the Master, Lyranus, Albertus, Aquinas, Bonaventure, Dionysius the Carthusian, Caietanus, Vielmus, Lippomanus, Pererius, Martinengus, Suárez.]



[XXXIX.] The third opinion begins that first natural day from the Evening—reckoning the Evening from Noon—and, placing the [Sun] or primigenial light at the Meridian, judges that that day went from Noon to Noon; and therefore [holds] it [was] said by Moses, "there was made evening and morning, one day," so that the first artificial day had only six hours, from noon to sunset, and that these six hours, [together with] the six preceding hours in which the World was in darkness, did not pertain to the first artificial day, but to the complement of the natural day. Wherefore this opinion is midway between the two extremes aforesaid: both because, with the former, it begins the day from the Evening (which rather inclines and declines toward sunset), and begins the natural day from the preceding darkness; and because, with the latter, it begins the artificial day from Noon, which pertains rather to day than to night. So think Augustinus Steuchus (i.e. Eugubinus) (in the Cosmopoeia, on Genesis ch. 1), Aegidius (2nd part of the Hexaemeron, chs. 2 and 6), and Cornelius à Lapide (on Genesis ch. 1); and St. Bonaventure reports the same opinion and thinks it not improbable (2, dist. 13, art. 1, q. 2); to which [view], concerning the fourth day too, Marsilius Ficinus assents (book On the Sun and Light, ch. 10), where he teaches that the Sun was produced at the Meridian, and that the day began from noon with respect to our hemisphere. From this view it follows that the rest of the days, both artificial and natural, began from the rising of the light or Sun above the horizon; since [this opinion], to pre-fill the first natural day, reckons the 6 hours in which the world was in darkness, nor does it understand the following "morning" as the time from the rising of light to noon (for this, it teaches, pertains to the following day), but as the moment at which the first night was completed and the light risen—[for] the Sun extended [its course] from noon, through sunset and midnight, to [its] rising. And these Authors add—besides that reason, [namely] that the Evening is named first by Moses—this too: that God's perfect works of the day, and the Sun (or light) at the Meridian, illumine the hemisphere more perfectly and equally on every side; and that most Astronomers are wont to begin the day from Noon, as from a more certain point of the day.


[Margins: Lippomanus, Pererius, Martinengus, Suárez; 3rd Opinion: which begins the day from noon, etc.; St. Bonaventure, Steuchus, Aegidius, Cornelius, Ficinus.]

[The sentence is completed from the top of p. 215; p. 215 then begins Riccioli's rebuttal of this third opinion—that, speaking with most of the Fathers (num. 37–38), the first day began from the East and most probably had 12 hours of light and 12 of night, not six and eighteen.]





(printed p. 215): The page states and rejects the opinion that the first day began at noon. With most Fathers and Doctors, Riccioli holds it more probable that the light began the first artificial day from the East, and that the first day, as pattern of the rest, was equinoctial, with twelve hours of light and twelve of night; beginning the day from noon is too subtle a method for common observation, which relies on the Sun's rising and setting.


[Margin: This opinion is disproved.]



[XL.] The fourth opinion, already indicated at the beginning of num. 35, is that of Catharinus and the Lusitanian (the Portuguese)—or [rather] of Jerome [as reported] by Oleaster—on Genesis; who, for this reason, hold that the Evening was [named first] by Moses, [though it was] morning-time, because the Sun, or primigenial light, was placed first in the western horizon (with respect to Palestine), and began to rise from there in the hemisphere set opposite to that region; and, the night of 12 hours having passed as [the light] coursed to the East of Palestine, it first made morning; and thence, after another 12 hours, returning to the west, it thus completed the natural day. Wherefore this opinion agrees with the first in that it begins the natural day from the beginning of night, but differs in that, in the first natural day, it does not reckon the time of the darkness preceding the primigenial light. For Catharinus confirms that opinion both from the Hebrew words "and evening, and from evening you shall celebrate your sabbaths" (Leviticus), and because the Egyptians—and perhaps many of the ancients—were wont to begin the day from sunset; and therefore Thales of Miletus, when asked, answered that night was prior to day. But what could be more improbable than what the Lusitanian says—when [he holds] the light straightway produced and [then] hidden, [that is] subjected to that hemisphere which was to be the chief habitation of men (and to which Moses was especially writing), and which was first more acceptable to the divine knowledge and to the Mosaic and Evangelical law—but [that it was] first shown to that [other] hemisphere, which was to come far later to civil cultivation and to the knowledge of the true religion? Then, since on the first day heaven and earth are said to be created under darkness: either those darknesses which, after that first instant, were over the face of the deep were only over the hemisphere of Palestine, and were there, but their time was a supernumerary appendix to the first day (and so [the first day was] longer than the rest and unlike them—which does not so well fit the letter of Moses); or, if that time in no way pertained to the first day, it follows that heaven and earth were not created on the first day, but before the whole first day. Since, therefore, of the four aforesaid opinions the third and fourth have far fewer patrons, and [the fourth] is much more improbable than the first and second, it remains that one of those two [first and second] be chosen.


[Margin: A fourth opinion—another [view] beginning the day from night: Cajetan, Oleaster.]



[XLI.] But before I bring forth my own opinion, it must be noted that "Evening" can be taken in five ways, and "Morning" in as many. First, so that "evening" signifies the indivisible moment at which the Sun sets, and "morning" [the moment] at which it rises. Secondly, so that "evening" signifies the twilight which follows after the Sun's setting—or the earlier part of that twilight, in which the star of Venus, when it follows the Sun, appears (which star is called, at that time, Vesperugo by Plautus, Vesper by Ennius, Hesperus and Vesper by Virgil; Censorinus notes this, On the Natal Day, ch. 10, and St. Isidore, bk. 5 Etymologies, ch. 31, for they allude to that Virgilian verse: "Before [I finish], Vesper would close the day and lay [all] to rest in shut Olympus," etc.). And "morning," in this way, will signify either the morning twilight or its part nearer the Sun—that is, the Dawn (Aurora); and in this way the Lusitanian and Vielmus take it (bk. 11 on Genesis), which they confirm both from the Hebrew word Ereb, which signifies "Evening" from the verb Harab, "to bind or join together" (because [the twilight] is a kind of bond between day and night), and from Plautus, who called this twilight "the first evening" (the Lusitanian, "the first darkness"; Macrobius, "the first torch")—whence they explain that [text] of Exodus 12[:6], where the Jews are bidden to slay the lamb "between the two evenings," that is, about the middle of this twilight; for others divide [it into] the earlier part (the Sun now hidden, the twilight already done) and the later part (more like night). And "Morning" in Hebrew is called Boquer, from the verb Bacar, "to discern," because in the morning twilight visible things begin to be discerned.

Thirdly, "Evening" can be taken for the whole time in which the Sun, descending from the meridian, sinks toward the West, and "Morning" for the time in which the Sun ascends from [its] Rising to the Meridian—in which sense we are said to "dine in the morning, sup in the evening," even if it be high summer; or [so] that "Morning" is the time from midnight to sunrise. Fourthly, "Evening" can be taken for the time in which the Sun descends from the Meridian to midnight, and "Morning" [for] the time in which it ascends from midnight to the Meridian. Fifthly, finally, so that "Evening" signifies the whole night succeeding from sunrise [i.e. from the day], and "Morning" the whole artificial day; and in this way that [text] of Exodus 12, "between the two evenings," can be understood for the moment of the Sun's setting. In as many ways too can that [saying] of Genesis, "evening and morning, one day," be understood—whether those words be taken for either indivisible terminus, or for a divisible one within which the day and night are concluded (as in the first and second acceptation), or for the contraposed parts composing—either adequately or inadequately—the day and the night.


[Margins: Vielmus; "Evening" and "Morning" taken five ways.]



[XLII.] These premised: since the arguments brought for the first opinion (num. 37) are valid, and more and weightier authorities are adduced for the second (num. 38), they seem to me [to need] reconciling—thus: that the first natural day began from night (taken broadly, for darkness)—or from a duration equivalent, by motion, to the artificial [day]—[that is, from] the darkness, through 12 hours (or a duration commensurable and equivalent to them) preceding the light, [the light] first produced in the East of Palestine or thereabouts; but the first artificial day took its beginning from the first production of light, at whose time—the first evening being completed (taken in the first, second, or third way)—the first day, both natural and artificial, was completed. Although it is only the artificial [day that] is expressed by "evening and morning," and [although] the Hebrews understood that day in this way (both in sanctifying the Sabbath and before)—whence it follows that the natural day (the third, and the rest, and so the sixth, as they are numbered in sacred Genesis, among which is reckoned the day whose work was the light, the Sun's substitute), and [that] God began to rest from work on the night preceding the day taken as the Sabbath in the artificial [sense]. When I say these things, I do not thereby say that the evening was named by Moses before the morning—for those [pre-light] darknesses could be called "evening" neither strictly nor broadly; nor, by those words "evening and morning," did he wish to express the night, but only the parts of the artificial day, composed of the evening-time and the morning-time; or [he wished] to signify to us that those days were not unlike ours, but had the same vicissitudes—even though he named first that part of the day which contained the consummation, maturity, and perfection of the day and of the works wrought on that day (as the fruit), rather than that which [contained only] the inception, and as it were the flower, of the day.

But taking "Natural Day" strictly, for the aggregate of the artificial day and the night taken strictly (that is, [the night] which is the privation of the light once produced), and "time" taken strictly for the measure of the motion of the Sun, or of the light [that was] the Sun's substitute: I say that that [first] light—from the rising of the light, whence the artificial day began—and the artificial Day, preceded the night taken strictly, as the second opinion holds. Wherefore, according to this [view], the same moment, the rising of the light, was the beginning of the day, both natural and artificial; but the same [moment] was not the end of both. Whereas, on the contrary, according to the first opinion, the same moment [was] the end of both days, even though the beginning had diverse moments. A fifth opinion, indeed, can be devised: namely, that the first natural day was composed of the prior six hours of darkness, the 12 subsequent hours of light, and the remaining six hours from sunset to midnight—which [opinion], however, I do not embrace, because I have found no author who has asserted it, even though the Romans, and some Astronomers, reckon the days from midnight to midnight.


[Margin: Our opinion.]

[The sentence is completed from the top of p. 216; p. 216 then opens ¶XLIII—whether that pre-light time of darkness was the time of the angels' battle, and the first instant of light the moment the holy Angels were confirmed in grace.]





(printed p. 216):

[XLIII.] Finally, the time from the first instant of the creation of the world under darkness, up to the first production of light (whether of 12 hours, or thereabouts), being supposed: it could be asked whether it is probable that that time of darkness was that in which the battle was fought between the good and the evil Angels, and that first instant of light [was that] in which the holy Angels were confirmed in grace and elevated to the light of glory—so that that corporeal light is to be understood literally, but was symbolically and mystically a sign of the spiritual light in the minds of the Angels? This indeed Rupert the Abbot expressly thought and discussed (bk. 1 Commentary on Genesis, ch. 10), and Aegidius (in the Hexaemeron, part 2, ch. 2). But these things are nothing to us now.


[Margin: The light produced, and the Angels beatified, at the same time.]






Chapter II, On the Work of the Second Day; or, What the Firmament made on that day was and is, and from what matter; and what, and of what kind, [are] the Waters above the heavens.

[I.] We propose, in one [chapter], a threefold question, which are so interwoven among themselves that none can be solved without the [other] two. We must inquire: whether the sidereal and visible heaven was made from elemental water, by condensation and solidification; then, whether the whole sidereal heaven [was so made], or at least the eighth sphere (the supreme of the visible [heavens]); finally, whether the waters above the heavens are liquid and distinct from the solid heaven, or enclosed in it and liquid in potency, not in act. For these [points] are established from sacred Scripture by the Fathers and Doctors of the Church; and [thus] we shall more easily and briefly dispatch many other questions, and be able to bear judgment on the opinions of others with greater and more solid tranquillity. Otherwise it is incredible what a confusion of opinions and questions is found among writers from this passage of sacred Genesis; in which multiplicity we shall choose that opinion which so accords with the letter of Sacred Scripture as to reconcile as many of the Fathers and Doctors among themselves as possible, to be as little as possible repugnant to Astronomical [findings], and finally to exhibit the workmanship of God [as] reasonable. And this we shall try [to do] in the following Questions and Conclusions.

Question 1

Whether some Heaven was made on the second day of the World, from Water condensed and solidified in the manner of ice or crystal.

[II.] The Conclusion is affirmative, and is proved first from the name which sacred Scripture gave to this heaven, namely "Firmament"—in Hebrew Rachiagh (or Rakiing, or Ragnagh; for some pronounce it variously, from the verb Reah, or Rakia, or Raquagh), which signifies both "to expand or extend" and "by extending, to make firm and consolidate," as Lippomanus notes. Now, since here Pererius and Martinengus teach four ways in which something is "extended"—namely: (1) by the unfolding of a folded thing, as when sails and curtains are spread out (or [when] what was first compressed by hand strives to return to its former occupation of space); (2) by beating, as when metal is hammered out into sheets; (3) by rarefaction, as when water swells into bubbles by heat or breath, or, boiling in a vessel, evaporates; (4) by increase of substance, as when plants and infants grow into trees and men—St. Jerome and Vielmus add a fifth way: namely, Fusion (melting), by which metal, or anything liquefiable, is so cast that it retains the solidity and stability of the figure once received.

Now those who [held] the heaven's fluidity, or who understand by the name "Firmament" the air, or the ether's stability in bounding the waters on both sides (taken without hardness or solidity, strictly understood), contend that the name Rachiagh should be rendered according to the first mode of extension, and [that it] should be said "let there be made," or "let there be, an Expansion or Spreading-out": so Calvin (per Tanner), Caietanus, Steuchus, Vielmus, and Pererius; and they adduce that [text] of Psalm 103[:2], "Stretching out the heaven like a skin"—or "like a curtain and a tent"; [and Isaiah 40:22] "who stretcheth out the heavens as nothing, and spreadeth them as a tent to dwell in." But these examples they will not altogether take [as conclusive], because they at least suppose that [the things] which they have [so] explained have some solidity. Then, since St. Jerome and the Vulgate rendered [it] "Firmament," and the Septuagint interpreters steréōma (στερέωμα)—which signifies a solid body (and Velleius, in Cicero, bk. 2 On the Nature of the Gods, said that solid and firm bodies are called by Epicurus sterémnia on account of [their] firmness; and even now the Hebrews who treat of Geometry, when solid and consistent bodies are dealt with, call them steréōma, and the treatment of them stereometría)—we too ought to render [it] in the same sense; or, [if it must] signify extension or expansion, [then] that according to the second mode, for beating or, as it were, hammering, as Pagnino and Oleaster (the Lusitanian) take [it], thus explaining this passage of Genesis, and that of Isaiah 42[:5], "who stretcheth out the earth, and the shoots [that come] from it," where [the Hebrew] has Rocah, that is, "stretching out"; and [Jeremiah 10:9] "silver spread into plates is brought from Tarshish," where, for "spread," the Hebrew edition has murecah; and that place of Ezekiel 6[:11], "Strike with thy hand—or rather, stamp with thy foot," where in Hebrew, for "strike or stamp," there is Vrechab, that is, "so stretch out" (for he who, with hand or foot, presses metal or mud, extends it). Or certainly the name "Firmament" is to be taken in the fifth sense, so that it signifies an expansion of the kind for which the name (or figure) Rakiah is given—not as when metals are cast into statues, but (what pleases me more, and sets before the eyes, as it were, both the force of this name and God's mode in this work) as when glass, first melted in the furnace, is blown after the manner of glassworkers, who fashion very large flasks out of a little glass; for thus they expand that material, yet so that it comes out solid and firm.


[Margins: The 1st Conclusion, and its proof from the name "Firmament," from Sacred Scripture; The five modes of extension; The name "Firmament" defended.]



And indeed this fifth mode is favoured by several other places of Sacred Scripture: namely Psalm 32[:6], "By the word of the Lord the heavens were established [firmati]," where the Septuagint has estereṓthēsan (στερεώθησαν), that is, "were solidified"; and 2 Paralipomenon 6, where the Heaven is called "a most firm habitation"; and Proverbs 8[:?], "The Lord by wisdom founded the earth"; and Job 38, "until the heaven be worn away"—for what is worn away is solid (as St. Thomas teaches, Part III, q. 57, art. 1), and is said more properly of solid bodies than of fluid ones; for if [only] solids are worn away, there was no need of penetration strictly taken; and that [text] of Isaiah 51[:6], "the heavens shall melt like smoke, and [shall be worn away] like a garment"—for what becomes liquid was surely solid; and as for what some, with the Seventy, render "and the heaven was made firm like smoke," [this is] neither in the Hebrew nor in the Vulgate edition (St. Jerome, Pagnino, and Arias Montanus not consonant [with it]), [but] alludes to the likeness of smoke; and Basil (homily 1 of the Hexaemeron) does not accept the verbose [reading]. But the most famous of all is that place in Job 37[:18], where Elihu says: "Hast thou perhaps fashioned the heavens with him—[the heavens] which are most solid, as if cast of bronze?" For even though that saying is not [a matter] of Faith—since it is not [the word] of the sacred historian himself, nor uttered from the mouth of God—yet, inasmuch as it does not include falsity and repugnance reproved by God [as some of the friends' words were], it has, like certain moral sayings, great authority, [being the word] of a man very expert, and speaking from ancient tradition about the fabric of the heavens explained by Moses; for the sayings of the [other] two of Job's friends too have, as it were, great and irrefragable authority. They are confirmed by SS. Peter and Paul: thus (1 Corinthians 3[:19]) they adduce from Job 5[:13] that [saying] of Eliphaz the Themanite, "Who catcheth the wise in their craftiness"; and (2 Peter 2) from the same Eliphaz, "Behold, they that serve him are not steadfast, and in his angels he found wickedness" [Job 4:18]. So too the holy Fathers use [these]—as that opinion of Bildad the Shuhite (Job 25[:5]), "the stars are not pure in his sight"; and those words of Elihu (Job 34[:19]), "who accepteth not the persons of princes," and in the same place (Job 34[:30]), "who maketh a hypocrite to reign, for the sins of the people."


[The sentence continues at the top of p. 217; p. 217 then notes that very many Fathers and Doctors understood "Firmament" in this [solid] sense, to be adduced as the second proof—a matter, Riccioli says, too little discussed by most save Martinengus, Salianus, and Tanner.]





(printed p. 217): The page notes that the holy Fathers likewise make use of the sayings of Job's friends, citing Bildad the Shuhite's assertion that "the stars are not pure in his sight" and Elihu's words that God accepts not the persons of princes and makes a hypocrite to reign for the sins of the people.

Finally, by this notion [as a solid] very many Fathers and Doctors understood this name—who must presently be adduced for the second proof, with selected [passages of] their words, lest the Readers think they are drawn by us to this sense violently, or from too remote a conjecture, or from too general a phrase: especially since this question is of the greatest moment, and, on account of the neglect of these authorities, has by many not been discussed as it deserved—excepting Martinengus, Salianus, and Tanner, whom I have noted [as] the most diligent of all in this matter.

[III.] Secondly, then, the conclusion is proved by the Authority of the Fathers and Doctors of the Church—before whom let me be allowed to bring forward Josephus, who (bk. 1 Antiquities, ch. 1) has thus: "After these things, on the second day, he placed the heaven above all things; and, distinguishing it from the waters, he ordered it to be constituted in itself; and, putting crystal around it, he tempered it [to be] moistened and bedewed for the earth." And from the Greek mouth of Peter, St. Clement the Pope (bk. 1 Recognitions): "The water, which was in the middle space of that first heaven and earth, [being] as it were congealed by frost and solidified into crystal, is stretched out; and by a Firmament of this kind the middle spaces of heaven and earth are, as it were, shut off; and this Firmament the Creator called 'heaven,' named by the term of that older [thing]; and so [it forms] the heaven of the whole world's machine, and divides two regions"—so the Greek [text]. And if the book On the Trinity is ascribed to Tertullian and to Novatian (as Pamelius contends), or to Tertullian himself: in it those words of Ezekiel 1[:22], "the appearance of the firmament [was] as of terrible crystal," are explained thus: "all things being covered over with crystal from above, that is, the heaven covering all. What had been in the firmament from the flowing matter of the waters was then solidified, like ice into crystal—a partition by the solidity of the waters that before covered it; then it so tempered [itself] that it might sustain the weight of the upper water by the forces of frost."


[Margins: Josephus; St. Clement; Tertullian; St. Hippolytus.]



How much water was used up in this work, St. Hippolytus the Roman (once Bishop of Portus, and Martyr) declares (in Martinengus, p. 571): "He willed a third part of the waters [to remain] in potency, placed in the middle; a third raised above the firmament; and a third upon the face [of the earth], namely for the use of men." But although St. Hilary (Enarration on Psalm 135) does not [explicitly] explain this solidity, yet [he says]: "For the waters raised above the solid foundation of the first heaven tempered [its] nature—[waters] which, kindled by the supernal power of God, are by no means to be thought of [the same] nature as the lower [ones]. But the lower heaven he stretched out, not uniform but manifold; the whole of which he called 'Firmament,' and solidified [it] with a firmness strong for sustaining the upper waters and tempering our air." And so, between the kindled heaven (the Empyrean) and our air, he acknowledges all the heavens [to be] solid, and the waters above them. So St. Caesarius, brother of St. Gregory Nazianzen (in the Dialogue, qq. 4, 5, 6), teaches that the Firmament, set between the upper and the lower waters, is diverse from the heaven which Moses mentioned in the first place, and is of crystalline nature, and concreted by divine power, so that it can carry and separate the upper waters.


[Margins: St. Hilary; St. Caesarius; Severianus.]



Let us now hear [an author held in esteem] in the collection of Lippomanus and the Gloss of Martinengus; he says: "The first heaven is not [called] 'firmament,' but [has] the name 'heaven'; but the second is the heaven's, and received the name 'firmament': 'heaven' indeed, because it is above us; but 'Firmament,' because it was constituted from the flowing essence of the waters; and that flowing and liquid nature, [made] most dense and most solid, was effected by God, the Maker of all." And a little after he seems [to add] another consideration, when he says: "But this too must be known—that [the earth] too is called 'firmament' in Scripture (Psalm 135): 'Who established the earth above the waters'; as [also Isaiah]: 'The Lord, who made heaven, and set the earth above the waters.'" And with later words, a writer of the fourth century, namely Severianus (as is had in the same collection and Gloss): "This water (for example) was set, in the meantime, [as] the firmament in the middle of the waters, nor was it long in being compacted. In the midst of the waters, the congealing of the waters is the very thing which [is] the firmament; and, suspending half of the waters with itself, it left the remaining [half] below. Again: this heaven, therefore, [is] not that supreme [one], but that which is visible—[which God] fixed [as] crystalline. Behold the works of the [divine] powers, and admire the Maker: he willed the middle part of the waters [to be] above, the middle below."

Then St. John Chrysostom (homily 4 on Genesis), although he dares not define how the Firmament was made, yet holds it undoubted that it was made by God and carries the upper waters on its back—which can scarcely be conceived without solidity; for he says: "What is the Firmament? as if one should say, in human speech: 'Let there be a kind of wall and interstice in the middle of the waters, making a separation.'" And a little below: "He ordered some waters to be borne under the Firmament, but others above the back of that Firmament... [Does he say] a 'spread-out air,' or some other [thing]? No prudent person would assent to that. For these things which are said must be received by us with great modesty and gratitude, and we must not advance beyond our nature [to] scrutinize what is above us; but [it suffices] to know and hold among us that the Lord [was pleased] to produce [it], and to make a separation of the waters—[so] that he sees some [waters] contained below itself, others borne above its back." (Below, however, we shall see that he does not speak of the heaven where the Planets move, since he thinks that immovable; or that he does not acknowledge in this [firmament] solidity with that hardness—which, however, Claudius Marius Victor supposed, bk. 1 Commentary on Genesis, in these verses:)


"When, with most firm mass, emerging from the midst of the waves with concreted body, it raised itself, and—widely solidified with hard rigidity—suspended the divided waters, and set the cold deep against the hot poles, and, propped with a barrier, drew itself over the things [below], which, with vast circuit, it covers: the heaven, exposed [to view] under the name [of 'ether']."

[Margins: St. Chrysostom; Claudius Marius [Victor]; St. Jerome; St. Augustine.]



Tertullian too, expounding Ezekiel (as I showed above), agrees. St. Jerome (in the Epistle to Oceanus): "Between heaven and earth the Firmament is built, which—according to the etymology of the Hebrew speech, caelum (that is, Samaim)—they take [as] a stronger word, and [the heavens] are, as it were, 'heavens'; [the waters] are separated for the praises of God; whence also in Ezekiel the Prophet [are mentioned] the denser waters." Their sense St. Augustine indicates as an opinion, and does not refute (bk. 2 On Genesis to the Letter, ch. 1), saying: "The Firmament, as it seems to some, is ice [glacies] of the waters, and is therefore called 'Firmament' because, the waters being concreted, [it is] the firm [part] of this [world]—which, from hiding or concealing, was called caelum." But yet below he holds at least this for certain: "This Firmament was made from the aforesaid water-substance"; and a little after: "The Firmament, therefore (that is, the heaven), was made in the middle of the waters, between the water which was above the firmament and the water which was below the firmament, [so] that by God's power the firmament should stand in the middle of the waters—having water below itself, within itself, and around itself." (See him also, q. 106 in the Questions on both Testaments, in vol. 4 of St. Augustine's works.)

To these may be added Gennadius (a fifth-century author), [who], on Genesis (as the Catena of Lippomanus and the Gloss of Martinengus have it), says: "The Firmament, then, is named from its own making; because, whereas before it flowed forth thin, fluid, and subtle, it received [the property of being] solid and immovable." To this Theodoret nearly agrees (q. 11 on Genesis), thus expounding his mind: "For we ought, from the ready creature and the mode of creation, to know the diversity of the heavens—the one [made] before the light, the other after the light; and that [first] one [made] not from any matter, but this [second] from water. For he says, 'Let there be a Firmament in the midst of the water, which may divide the waters from the waters in the middle.'" He alludes to the Hebrew name Samaim, that is, "there [is] water"; and he continues: "Since it is composed from the fluid substance of the waters, and is of a flowing nature, [once it] was condensed and consolidated, he named it 'Firmament.'" And, more briefly, Eucherius (bk. 1 on Genesis): "By the name 'Firmament,' the heaven is signified, for the reason that it is strongly and firmly composed." Let Junilius close this fifth century, who (Commentary on the Hexaemeron, [ch.] 14) discusses: "Here is described the creation of our heaven, in which the stars are fixed—which, it is agreed, is the firmament in the midst of the waters. For, the waters being supposed, we see them [resting] upon the air and the lands themselves; and that [waters] are placed above [the firmament], we are taught not only by the authority of this scripture, but also by the words of the Prophet, who says: 'Stretching out the heaven like a skin, who coverest its higher parts with waters' (Psalm 103[:2–3]). In the middle of the waters, therefore, the sidereal heaven is agreed to be the Firmament; nor does anything prohibit [us] from believing that it too was made from the waters. For we know what is the firmness of the crystalline stone, what its transparency and purity—[a stone] which it is certain was generated from a gathering of waters; what stands in the way of believing that the same Disposer of natures solidified, into the firmament of heaven, a substance of waters?"


[Margins: St. Augustine; Gennadius; Theodoret; Eucherius; Junilius.]

[Junilius's discourse continues at the top of p. 218: "I have already said that there are not lacking those who [hold the like]..."]





(printed p. 218): The page advances to sixth-century witnesses on the firmament, Procopius of Gaza and Olympiodorus. Procopius, commenting on Genesis, teaches the common theological opinion that the waters were concreted at the making of this heaven, the Hebrew Samaim denoting crystal or congealed water; Olympiodorus likewise says the heaven's subtle nature was made solid as if water had congealed into stone.


[Margins: Procopius; Olympiodorus.]



Let us now pass to the ninth century, in which Strabo (in the Glossa Ordinaria), expounding the work of the second day, savours of Junilius's opinion; for, having described his view almost word for word and used the comparison of crystal, he then added his own [words], [referring] to what is written in Job, that [God] "binds the waters in his clouds": "For he who, below the heaven, binds the waters—retained for a time by the vapors of the clouds, lest they slip down upon [us] in [their] snow-like thinness—who can suspend the waters by solidity, [holding them] from the weight of the earth; and what [is] more useful, unless that he hangs [the earth] upon nothing itself? But of what kind [the waters are], and to what use, he himself knows who founded [them]."


[Margin: Strabo.]



At the same time lived St. Anselm of Canterbury, who in his On the Image of the World (bk. 1, ch. 25) wrote not dissimilar things: "The higher heaven is called Firmament, because it is a firmament in the midst of the waters; that is, a spherical form, watery on every side, solidified from waters like ice—nay, [like] crystal—whence it is called Firmament." By which words he seems to describe the eighth sphere, or heaven of the Fixed [stars]; for this is the higher [one], and everywhere adorned with stars. The tenth century was called the "iron" [age], which scarcely produced one or another [author] of like renown. But at the end of the eleventh century, Anselm of Laon (in the Glossa Interlinearis) said it must be understood thus: "The higher part of the waters, in the world, is congealed [into] crystalline stone; the lower [part] is reduced to matter." After whom, not long after, Hugh of St.-Victor (bk. 1 On the Sacraments, part 1, ch. 17): [the firmament was raised] into such a form of crystalline stone, [serving] as a kind of middle [partition], so that it might separate from one another, and divide, the thin mass of [the upper] waters and [the lower] waters—[holding] the waters which by its circuit it would embrace, divided within and below, and contain; and [leaving] the waters which it would leave outside and above its limit.


[Margins: St. Anselm; Glossa Interlinearis; Hugh of St.-Victor.]



Clearly Comestor (the [author of the] Scholastic History, on Genesis ch. 1): "God therefore made, on that day, the firmament in the midst of the waters—the outer surface of the world—from congealed waters, solidified within like crystal, and translucent, containing within [itself] the rest, after the image of the shell which is in an egg; and in it the stars are fixed; and it is called 'firmament,' not, indeed, on account of its [own] solidity, but because it is firmly [set] of the waters which are above it... and is impassable. It is called 'heaven' (caelum), that is, because it hides (caelat), i.e. covers, all sensible things." Peter Lombard ([Sentences] bk. 2, dist. 14): "Of that heaven... here is described the creation, in which the stars are fixed; since waters are supposed [to be] in the air and in the earth, and others placed above—of which it is said, 'who coverest its higher parts with waters.' In the middle, therefore, is the firmament, that is, the sidereal heaven, which we are given to believe was made from the waters; for the crystalline stone, whose firmness and transparency is great, was made from waters." In very few words Richard [of St.-Victor] (bk. 1 Exceptions, ch. 5) indicated that the stars are fixed in the heaven in the manner of nails, and that [the heaven] is rolled round [with them], and so that the heaven is solid: "the Firmament, namely, [being] a revolving crystal with [the stars] fixed above [it]." Scholastically, Hugh of St.-Cher (in his postils) ascribes this to the Master [Lombard], as appears from those words: "The Firmament, the surface of the sensible world, [made] from waters congealed into crystal—so they say—containing all other sensible things, after the likeness of a shell; and it is called 'firmament' because [it is] firm." Nor does Dionysius the Carthusian depart much from this (Commentary on Genesis, art. 10), where he teaches that the Firmament was not made on the second day as to [its] substantial form, but as to certain qualities, especially solidity; but he adds: "The Firmament, that is, the heaven of the stars, which is the eighth sphere; because beneath it are the seven spheres, or [the] orbs of the planets."


[Margins: Comestor; the Master; Richard; Hugh of St.-Cher; Dionysius the Carthusian.]



Although the authors cited [up to] the seventh century do not [all] indicate the solidity of the Heaven, [nor] express that firm hardness [as] of ice or stone, but [say] only that it was made from water—yet most of them express that [solidity], or indicate [something] equivalent; and the more recent Theologians have expressly and absolutely taught its Solidity—especially Martinengus (Glossa Magna, p. 590), and, of our Society, Molina (On the Work of the Six Days, disp. 2, last ch.), and Martín Del Río, and Cornelius à Lapide (on Genesis, at the second day), Severianus (on the [Epistle] of St. Peter), Salianus (in the Annals of the Old Testament, at the second day), Tanner (vol. 1 of the Theology, disp. 6, q. 3, dub. 1), etc. And so [it is interpreted] in that [text] of Apocalypse 4[:6]: "and [before the throne there was], as it were, a sea of glass, like crystal."


[Margin: Martinengus, Molina, Del Río, Cornelius, Salianus, Tanner, etc.]



Question 2

Whether some Sidereal Heaven, made or left on the second day, was fluid; or [whether it was] so solid that it nevertheless did not, and does not, have [hard] solidity, but was called firm and solid for another reason, from Scripture and the Fathers: where also [we treat] of the motion of the Planets in the heaven.

[IV.] I suppose here, from Genesis 1 and from the Fathers (to be cited in Section 3, ch. 1, num. 5), that the Firmament is that whole space in which the wandering [planets] and the non-wandering [fixed] stars were placed by God, or in which [they were] produced.

Let this Conclusion likewise be affirmative; which, although it cannot be positively shown from the Sacred Scriptures, will be made manifest from not a few Fathers and Doctors—nay, even from the scriptures, but negatively (num. 5). For some think the "Firmament" is so called because it is something corporeal, or a body, having three dimensions, and they think this suffices for solidity; some, because it is an impassable boundary of the waters; some, because [it is] incorruptible; but some expressly affirm it [to be] pervious to rains or stars, and to be immovable; some, finally, ascribe solidity not to the whole sidereal heaven, but only to its supreme part, or the eighth sphere—as will presently appear.


[Margin: The 2nd Conclusion.]



Philo (bk. 1 On the Making of the World): "He called the heaven 'firmament,' as a corporeal thing. For a body is naturally firm and solid, having three dimensions. And what other notion can there be of a solid and corporeal [thing] than [the notion] of a certain dimension?" The same was [the view] held by Origen (homily 1 on Genesis): "After [the light] he makes the Firmament, that is, the corporeal Heaven. For every body is, without doubt, firm and solid; and this is what divides between the water which is above the heaven and the water which is below the heaven." In nearly the same sense St. Basil (homily 2 of the Hexaemeron) understood the Firmament, namely [as] a body having three dimensions, and so apt for resisting; for when he had said that on the second day a Heaven diverse from the first, and solid, was made, he explains [its] nature more fully thus: "Outward [worldly] men call that a 'firm body' which is, as it were, solid, dense, and full"—distinguishing [it] from a Mathematical body, which consists in dimensions alone (namely breadth, length, and depth)—"but [they call] firm and solid that which, with [its] dimensions, can strive against and resist [pressure]. And sacred Scripture is wont to call 'firmament' everything that is very robust and does not yield; so that, even in the case of condensed air, it often uses this very word, as when it says, 'Who maketh firm the thunder.' For [Scripture] named [as] 'the firmness of thunder' the solidity and resistance of the spirit [air] enclosed in the hollow bosom of a cloud, which, by violently bursting out, produces that sound which we call thunder. Therefore in this place too, I judge, this word was instituted by Scripture for a firm and solid nature, fit to hold back and confine the waters, which of their own nature slip away."


[Margins: Philo; Origen; St. Basil.]

[The Basil quotation is completed from the top of p. 219, where the discussion continues.]





(printed p. 219): The page presents St. Basil's rejection of a firmament of ice or crystal: he denies that the firmament, though arising from water, is like crystal or congealed water, calling such opinions the mark of a childish mind, and explains the name "firmament" only by comparison with the most tenuous bodies. In homily 1 of the Hexaemeron he declares the heavens by no means solid, made firm like smoke.


[Margin: St. Nyssen.]



With which there is a wonderful concord [in] his brother, St. Gregory of Nyssa (On the History of the Six Days): "Indeed, I do not think [there is] any dense, solid, and hard body around the firmament... the firmament [being] a certain nature such that it is 'firmament' by comparison with itself, [and] incorporeal..." For who does not know that whatever is solid and firm [is so] through a certain hardness [and] density, so that it is consolidated? But what is dense and firm is not, by [its] quality of weight, void of gravity...


[Margins: St. Ambrose; St. Augustine.]



The same as St. Basil['s view] St. Ambrose subscribes (bk. 2 Hexaemeron, ch. 3), but has these peculiar [points]: "Firm is everything that God establishes"; and below he asks, "How ought this firmament to be understood? [Some things] flow forth, this is constrained; those run, this remains"; and he answers that it was made by the divine power and virtue (ch. 4): "From [its] firmness, therefore, the firmament is named"; or, as (ch. 6) speaking of the heaven which Isaiah compares to smoke, he says, "wishing to declare its subtle and not solid nature." But St. Augustine too (bk. 2 On Genesis to the Letter): "The 'Firmament'—either, as by [its] proper name, [for] firmness, or on account of the impassable boundary of the upper and lower waters—the word may be understood [thus]." Which very words Eucherius (bk. 1 on Genesis), Bede (book On the Creation of the Six Days), the Gloss (both Ordinary and Interlinear), then Strabo and Anselm, and Hugh of St.-Cher (in postils), and the Master of the Sentences (bk. 2, dist. 14), and [the author of the] Scholastic History (ch. 4), have copied out—though these do not deny all solidity in the heaven.


[Margins: Albertus Magnus; Tostatus.]



In another way, however, this firmness—namely, for incorruptibility—Albertus Magnus interpreted (part 1 of the Summa, On the Four Coeval Things, q. 4, art. 19): "The Firmament is so called from the firmness of [its] nature, by which it is neither generated nor corrupted; and [its components] were concreted in a temper of qualities not at all conflicting," he adds; "for [the qualities] thus concreted impede the harmfulness of each [taken] by itself; and it is called 'firm' on this account, because that concord is indivisible, since it is drawn out beyond both the action and the passion of contraries." Just as also Tostatus (in his Commentaries, or "Knots," on Genesis): that the name "heaven" [is given to] this [firmament] not from firmness (although the celestial substance is firm and hard); and although he adduces that [saying] of Elihu in Job, "Hast thou perhaps [made the heavens]... cast as if of bronze?"—yet he adds: "But in Hebrew this celestial body is called Raquin [raqia], which signifies expansion, not firmness," etc.; "and it is called 'expanse' because it is expanded over the whole orb, covering all."


[Margin: St. Damascene.]



But he errs, and speaks [following] the more ancient [authors], whom St. Damascene follows (bk. 2 On the Faith, ch. 6), [who] makes no mention of solidity; for when he had said, "Then God called the firmament 'heaven,' which he commanded to be made in the midst of the waters, bidding it divide the middle of the water, [so] that [the water] which is above the firmament [be divided from that below]," [he holds] the heaven thin, like smoke, as the divine scripture [says]. Before that, St. Cyril of Jerusalem (Catechesis 9) supposes the watery heaven penetrable, saying: "He set the waters above... so that, when the earth needed the irrigation of rains, he might open [them]." I confess, however, that—excepting Basil and Nyssen—[the testimonies] are more evident for the fluidity of the heaven; but the harmony [of the question] rests on the immobility of the whole heaven, [together] with the planetary [motion] and the motion of the stars in it.


[Margins: St. Cyril of Jerusalem; St. Justin; Eusebius Emissenus.]



St. Justin (q. 39 of the Orthodox [Questions]): [asks] by what force they who say [it] speak truly, [when] they say that the stars are borne in the heaven, or below the heaven? If we say [they are] in the heaven, how do they have the action of moving, [if] the [heaven's] body is immovable? In what sense this is to be understood, Eusebius Emissenus says (in Lippomanus, Catena on Genesis ch. 1, and the work of the fourth day): "How are the luminaries and stars, distant below the heaven, carried round? Are they fixed in the heaven, or do they [move] as travelers in the heaven?" And he answers that they are in the heaven, but not fixed, and they themselves move while the heaven [is] unmoved; and he concludes: "Sacred and divine Scripture attests that the heaven [is] firm and immovable, but foretold that the Sun and Moon are mobile, saying, 'He set the Sun in the firmament'; for in Joshua it is said, 'The Sun and Moon stood still'—not 'the heaven, moving the Moon and Sun, [stood still]'; likewise from Hezekiah, 'that the Sun go back'—it does not say 'the heaven, moving the Sun, go back.'"


[Margins: St. Chrysostom; Philastrius.]



Of plainly the same opinion I find St. John Chrysostom to have been (homily 6 on Genesis): "'He placed them in the firmament of heaven.' What is 'he placed'? Is it as if he had said 'he fixed'? By no means; for let us see what follows [concerning the Sun and Moon]; for in Joshua it is said [the Sun was bidden] to stand, but to perform the course which the Lord commanded it." And (homily 14 on the Epistle to the Hebrews): "Which God fixed, and not man"; and (to the people of Antioch): "The heaven remained immobile, as the Prophet says"; and elsewhere, "establishing the heaven over the earth like a vault and like a tent; but the Sun, with the rest of the stars, is, as it were, carried round." But with more graceful words Philastrius defends the same opinion (in his Catalogue of Heresies, heresy 16): "And it is a heresy [to hold] that the stars are fixed in the heaven, and not [to acknowledge them] as from the treasury of light—hidden, and disposed by God, and standing forth at their hours to [perform] their course and ministry by their own light—[a truth] which they who [deny] hold against the catholic faith; and they have more of pagan vanity, and of the empty wisdom of the Philosophers, than fellowship with Christian knowledge."


[Margins: Procopius; Diodorus.]



Procopius adds his support (on Genesis ch. 2), where, to that proposed question—"whether the luminaries, fixed in the heaven, are carried round; or whether, the heaven remaining stable and immobile, they accomplish their revolutions?"—he satisfies [it] by answering: "...the luminaries seem to me to advance through [their] course, as [if] extending themselves toward us; for not in vain does Scripture have 'God set them in the firmament'; and indeed they wish the word 'set' [to stand] for 'fixed.' Wherefore Jesus, son of Nun [Joshua], cries out, 'Let the Sun stand'; he did not say, 'Let the heaven stand,' which moves it." The same, without doubt, was the mind of Diodorus of Tarsus (on Genesis, which Lippomanus and the Catena on Genesis also report): "Let no one, when he hears [that they are] 'in the firmament of heaven,' think that the Sun, Moon, and Stars, fixed in the heaven, are carried round"; he brings the example of Adam, whom God "placed" in paradise, but did not "fix"; and he proceeds: "Wherefore it must be understood that, just as men [are placed] on the earth, so the luminaries are placed in the heaven, performing that supernal journey."


[Margins: St. Augustine; St. Isidore.]



To these must be joined those who think that the non-wandering [fixed] stars are indeed fixed in the firmament, but that the Planets, contained in it (or in the ether beneath it), move by themselves, and not by the motion of the orb [sphere]: which St. Augustine seems to approve (bk. 2 On Genesis to the Letter, ch. 16), and St. Isidore (bk. 3 Etymologies, ch. 49). They say the Sun moves by itself: "For if it remained fixed [to] the heaven, all days and nights would be equal; but since we see it set in one place [one day], and [in] another [the next], it appears to move by itself, and not to be turned with the world." Nor, indeed, if anything has been erred by him or by others in [a matter of] Astronomical subtlety, [should one] call this [a fault]; but [the weighty point] is, [it would be] something hard [to deny] if we should prove, by the authority of the Fathers, namely, that the Planets are not moved by the motion of the orb; ... and Richard of St.-Victor (bk. 1 Exceptions, ch. 7): "On the fourth day he made the luminaries, which in the firmament are proved to be fixed, except the seven Planets, whose names are these: Moon, Venus, Mercury, Sun, Mars, Jupiter, Saturn"—where, by the name "luminaries," he understands the lights of the stars.


[Margin: Richard of St.-Victor.]

[The discourse continues at the top of p. 220 with St. Anselm of Canterbury (On the Image of the World, ch. 24) on fire, "the fourth element," extended from the Moon up to the firmament.]





(printed p. 220): The page cites St. Anselm of Canterbury on the elemental fire or pure ether extending from the Moon to the firmament, in which the seven Planets are carried westward by the firmament's immense speed yet revolve eastward by their own course, like a fly on a mill-wheel. Yet Anselm had elsewhere taught that the firmament of the fixed stars is solid, like crystal.


[Margins: Richard of St.-Victor; St. Anselm; Fire, or ether, beneath the [region] of the Planets.]



Junilius: "It must be understood that [the bird] flies [below] the firmament of heaven... that is, the higher space of the heaven's air, which extends from this turbulent and murky place (in which the birds fly) up to the stars; which [space] is believed to be a tranquil body, full of light. For the stars above—[and] those [borne] in this ethereal space—are said to be carried [along]," [as a fly in the air]. Dionysius the Carthusian reports another opinion, and does not disapprove it (Enarration on Genesis, art. 12)—here he takes the firmament for the starry heaven, or eighth sphere; then: "Plato, in the Timaeus, says that the stars are not fixed in the firmament, but move and lead a dance in it"; and in this [view] Heraclides accompanies Plato; whence they say that neither the heaven [carries them], nor [are the stars merely] carried round. Then Rupert (bk. 1 on Genesis, ch. 23): "Yet it is not so consonant [to hold] that the waters are above the firmament, as [it is] to concede that the stars are [not] concreted [fixed in it]."


[Margins: Junilius; Ether for "heaven"; Dionysius the Carthusian; Plato; Ptolemy; Rupert.]



[V.] The second argument is taken from the scriptures, by negative authority—which in this place has great force, from the contrary sense: namely, that motion in the heaven is read [as] ascribed to the Sun, the Moon, and any of the Planets [themselves, not to the heaven]. For whenever there is mention of the rising and setting of the Sun, it is always attributed to the Sun: as Genesis 19[:23], "The Sun was risen upon the earth"; and ch. 32[:31], "the Sun rose immediately." So the Sun itself is said "to set" or "to go down" (Leviticus 22; Judges 19; 2 Paralipomenon 18; Tobit 2); and Joshua 10[:12–13], "Sun, against Gibeon move not, and Moon, against the valley of Aialon... [and] the Sun and Moon stood still," etc.—concerning which same miracle, Job 9[:7], "Who maketh the Sun to stand," and Ecclesiasticus 46[:5], "in his days the Sun went back." Of the other miracle—of [the Sun] going back on the sundial of Ahaz—now [in] 4 Kings 20 and Isaiah 38[:8]: "And the Sun returned ten lines, by the degrees by which it had gone down." So in Job 9[:7] we have, of God: "Who commandeth the Sun, and it riseth not." And Psalm 103[:22], "The Sun arose, and they were gathered together." And Ecclesiastes 1[:5–6]: "The Sun riseth and setteth, and returneth to its place; and there, rising again, it goeth round by the South, and bendeth toward the North; surveying all things, and the spirit goeth forth in [its] circuits." And [Matthew 5:45], "Who maketh his Sun to rise upon the good and the bad." Wherefore, diligently turn over the sacred pages: you will not find motion attributed to the heaven, by whose motion the Sun or Moon may be understood to move; but [motion attributed] only to the Sun and the Moon [themselves].

Either, therefore, [the planets] penetrate in the heaven, [so] that the heaven does not have that impenetrability which the other [solid] bodies have—which Albertus Magnus notes, and does not refute (part 1, q. 4, art. 19), and St. Bonaventure (bk. 2, dist. 14, part 2, art. 1, q. 2). "But only the light passes through the air," says Albertus; or because "a body of light [passes] together with another light" (as ch. 5). St. Bonaventure [says] what others admit (ch. 7)—except that the greatest [and] highest part [of the heaven] is immobile, and the planet [moves] through it as birds through the air, [the heaven] yielding through which they move; and [so] those heavens through which they pass must at least be admitted [to be] fluid. Or else it must be said that sacred Scripture expresses [the motion] of the conspicuous Luminaries—namely, that [Sun] which is more manifest and meets the eyes—as Martinengus, Pererius, and Argolus say, and [as] I shall adduce below (ch. 7, num. 13).


[Margins: The 2nd Argument, from the motion belonging to the Planets in the heaven; The penetrability of the heavens / of the stars.]



Question 3

Whether, and what, Waters are above the sidereal heavens; and to what end or use; and of how great a mass.

[VI.] Not a few have denied these waters—among whom Clavius (in [his] Sphere, p. 45), Arriaga (the single disputation On the Heaven, sect. 4), and all those to be cited below (num. 11 and 12). Yet [let this be the] Conclusion: Some waters, of the same species as the elemental [waters], created from the second day of the World [down] to these times, are above some sidereal heavens.

It is proved, first, from sacred Scripture. For in Genesis 1, on the first day, a depth and great force of waters is supposed [to have been] made by God (as is the common consensus of interpreters, one or another dissenting); but then these were, at that time, mixed with the other elements; and so of the work of the second day it is said: "Let there be a Firmament in the midst of the waters, and let it divide the waters which [were] under the firmament from those which [were] above the Firmament. And God called the firmament 'heaven.'" Where, in the rigour of the Hebrew, that [word] "were" is not [present], at least in the second clause, but must be added there by a kind of consequence: "[the waters] which [were] under the Firmament, from those which [were] above the Firmament"—understanding that they "were to be," or "were," or "are"; for not before the Firmament was made were there waters above the Firmament. These [things] premised, it is sufficiently clear that some waters are above the Firmament, and are of those waters which were conjoined and continuous with the waters which remained below the Firmament. Then in Psalm 148[:4] it says: "Praise [him], heaven of heavens, and let all the waters that are above the heavens praise the name of the Lord." And before, in Psalm 103[:2–3]: "Stretching out the heaven like a skin, who coverest its higher parts with waters." And again, in the Canticle [of the Three Children]: [let the waters that are above the heavens bless] the Lord. Whence that [stanza] in the hymn at Vespers of the second feria [Monday]:


"Immense Creator of heaven, who—lest the mingled [waters] should confound [one another]—dividing the watery floods, gavest the heaven [as their] boundary, making firm a place for the heavenly [waters], and likewise for the earth [its] streams; that the wave might temper the flames, [and] lest [the flames] should waste the soil."

[Margins: Question 3; The 1st Conclusion.]



[VII.] Secondly, it is proved by the Authority of the Fathers—who are so many that [Augustine] says, in his [comments] on Genesis, that they have the force, as it were, of a single Council; and indeed, in the Sixth Council of Constantinople (action 11) is recited, and (action 13) approved, the epistle of Sophronius, in which, among other errors of Origen, this was reported: [namely, that he held the ocean to contain the waters]—that is, [Origen] disapproved the creation of the supercelestial waters. Now, from the Fathers I have already cited many above (num. 5)—namely Tertullian, Hilary, Hippolytus, Caesarius, Severianus, Cyril, Chrysostom, Claudius Marius, Procopius, Anselm, Theodoret, Junilius, Strabo, Hugh, Comestor—and, in short, all who think the heavens [were] made and made-firm, or solidified, from the waters. But besides the places already adduced: St. Augustine (bk. 2 On Genesis to the Letter, ch. 1), when he had said: "What is asserted to me [concerning] the nature of these waters above the firmament of heaven... [cannot be ruled out]—whether they have their own ordered weight, or float above the earth, or [whether], in the air nearest the earth, we are borne [as] vapour"—then concludes (ch. 5): "But in whatever way, and of whatever kind, those waters are there: that they are in the world, let us not doubt; for the authority of this scripture is greater than all the capacity of human wit." Which very opinion, in the same words, Eucherius and Bede bring forward and prove (on Genesis). But again St. Augustine (bk. 11 On the City of God, ch. 34) says that "this is no more to be wondered at than if one should say that the seat of phlegm, or rheum, is in the head of man; which, if we did not know it, but Scripture said it, would not be believed by certain Philosophers, who are moved by the weights of the elements"—and whom he here calls "treaters of the elements." And on Psalm 103, expounding that [verse], "Who coverest its higher parts with waters," he says: "This is read, and [is to be understood] according to the letter..."


[Margins: The 2nd Proof, from the Fathers; St. Augustine; Bede [and] Eucherius.]

[Augustine's words are completed at the top of p. 221: "...for when he commanded that a firmament be made between the waters and the waters, it came about that there are lower waters which drench the lands, and upper waters removed from sight, yet commended to faith"; whence, although the bodily eye does not discern them, the eye of faith can attain them. P. 221 then continues with Clement's Recognitions (St. Peter) on the waters.]





(printed p. 221): The page cites St. Peter, as reported by Clement in the Recognitions, teaching that part of the waters was solidified into heaven while the remainder was gathered into the sea. Riccioli therefore supposes the upper waters to be of the nature of the same elemental waters, as St. Hilary also indicates when he says the raised waters tempered the nature of the first heaven.

But St. Basil too (homily 3 in the Hexaemeron), when he had taught that an abundance of supernatant waters was necessary, and [necessary] for tempering the fire, says—refuting the opinion of Apollinaris and Origen, who had understood, for the waters above the heavens, either Angels or some such thing: "Setting aside these [interpretations] of fire and of that kind, as being like to dreams and old wives' tales, let us understand water as water"—this according to the letter, and taking this name according to the common notion. And in the same place, to those asking how fluid waters can stand upon the spherical surface of the heaven, he answered: even though the surface of [the] heaven be such that it appears round, yet the convex [outer surface] is not necessarily round, and [the inner] can have the figure of a vessel containing water. Which very [point] Ambrose too took from Basil (bk. 1 Hexaemeron, ch. 3), against those who, as he himself says, "wish to destroy that which, by frequent reading of the scriptures, has been ingrained in us and impressed on our minds—[namely] that there cannot be waters above the heavens—saying that that orb of heaven is round," etc. And a little after, these [objectors] being despised, he subjoins: "But we do not [merely] follow the series and order of the scriptures, and contemplate the work by the estimation of [its] Author... I hear that the firmament was made, by the precept by which the waters were divided into lower and upper. What, then, shall we say—an interstice of waters and a Firmament being placed in the middle—what prevents [us from holding] that the water, [thus] divided, can remain distinct?" Hence, pouring himself out into the praises of [God's] omnipotence concerning them, he concludes: "Thou who hearest that this is [so], why dost thou wonder if, above the firmament of heaven, so great a mass of the wave of water could exist? For the waters of the Red Sea and of the Jordan were contained—made firm on this side and that into heaps, and, as it were, suspended—until the people of God passed over dry-foot; and [so] the waters being bound in the clouds, and the sea's swelling not flooding the earth."


[Margins: St. Prosper; St. Clement; St. Hilary; St. Basil; St. Ambrose.]



And (ch. 4), when [Ambrose] had brought forward Origen's opinion—who, by the name "Waters," interpreted the intellectual or Angelic nature, because those "waters" would strive to praise God—he added: "But it does not seem to us alien and absurd, if we understand [them as] true waters, for that cause which we have said; for both dew, and frost, and cold, and other [things], according to the hymn of the [three children], bless the Lord; and these we refer not to intelligible natures, but to the truth [literal sense]." The same error of Origen, Epiphanius relates (in the epistle to John, Bishop of Jerusalem), disputing [thus]: "How [shall we explain it], [when] we read that in the deluge the gates of heaven were opened, and the waters flooded [in] the deluge?" We heard above (num. 3) St. John Chrysostom too; but let us hear him again: there is [a passage] for us in [his] homily on Psalm 148, on that [verse], "And all the waters which are above the heavens." "Thou hast heard: [praise him,] heavens of heavens; ... [there are], from the waters, certain lower ones [as] remnants, but [it] made those [others] sublime, and these [it] made more firmly sublime—[as] the firmament, stable." To which I subjoin Theodoret (q. 11 on Genesis), speaking thus: "God divided the nature of all the waters in two ways, and placed some above for [the sake of] heaven, which, by their liquid and coldness, did not allow the firmament to be corrupted by the fire of the luminaries; but the remaining waters stayed below, [from] which the air below [was] exhausted and dried, as vapours, by the upper fire."


[Margins: St. Epiphanius; St. Chrysostom; Theodoret.]



St. Damascene too is to be read (bk. 2 On the Faith, ch. 6), who expressly teaches that these waters are above the firmament. And Jodocus Clichtove, his commentator—who, although he takes [it] for a ninth heaven, yet confesses that it seemed otherwise to Damascene—adds: "Whether truly there are thin and transparent waters, standing above the firmament adorned with so great a multitude of stars, as if nearly condensed; and for some cause which the Creator himself knows, even if it be hidden from us—as the sacred letters in very many places, and here Damascene, seem to hold." Now, many opinions being reviewed, Procopius (Commentary on Genesis, ch. 1) concludes: "They say the firmament is called 'heaven,' either because its nature was decreed and compacted from the simplest water—that is, the Empyrean—and separated from the lower [things], [being] most thin... and comprehensible by no sense; and [the firmament being] in the midst of the waters, he teaches clearly enough that there was an equal division of the waters on both sides."


[Margins: St. Damascene; Jodocus Clichtove; Procopius.]



We named above Bede [as] subscribing to St. Augustine; now let us adduce him again (book On the Nature of Things, ch. 8), discoursing thus: "The waters placed above the heaven—[some say they are] for the spiritual heavens, that is, the Empyrean and the lower Angels; but [others, that they were] soon [made] a creature of corporeal fragility; some [say they were] kept for the inundation of the deluge; others, more truly, affirm [they were] for tempering the fire of the stars." And in the Questions on Genesis: "At last the heretics cease to rave, and, confounded, acknowledge that He who could create all things from nothing, could also establish that nature of the waters [as] ice—and, for tempering the fire of the stars, as if solidified, [fix it] in the heaven." Cassiodorus too (though more ancient) (on Psalms 103 and 148), where he supposes these waters, adds the cause: that even if the thinness of the heavens stands firm, and the waters are placed above the firmament, since they are heavier... [they remain]. But most acutely Haymo [and] St. Bruno on Genesis [explain] those two psalms to this same [point]—that those waters "praise God," that is, [are] not [literally] excited to his praise, but are retained [in their place], even if their use is hidden from us. Most simply, Remigius of Auxerre (on Psalm 148): "That there are waters above the firmament, he plainly proves from Genesis; but what they are, I do not know."


[Margins: Bede; Cassiodorus; Haymo; St. Bruno; Remigius.]



Let Rupert also come forth for us, who (bk. 1 on Genesis, ch. 23): "Others of the Doctors," he says, "wish [the waters] which are above the firmament to be understood as nothing other than waters, simply. Their opinion is, without doubt, the juster, and pleases me more—namely, so as not to disagree with the letter of the sacred history in [its] sense." Yet he denies that they were congealed; and (ch. 24) [says] the firmament is, as it were, the roof of heaven; and (ch. 25): "And it is indeed a magnificent work of God, that the mass of waters, poured above, [is] of a subtle nature beneath the firmament"; which he confirms by the example of the air and water everywhere sustaining the mass of the earth. (And ch. 12: "The waters which are below the firmament are the rest, or a part, of the waters which are above the firmament.") But that they are attenuated in the manner of a cloud, St. Anselm of Canterbury thought (bk. 1 On the Image of the World, ch. 8), saying: "Above the firmament are waters, suspended like a cloud, that they may temper the heaven in its heats; whence it is also called the 'watery heaven,' above which is the spiritual heaven, etc., and the Paradise of paradises." Yet (ch. 1) he posited the firmament itself solidified like crystal, as I reported (num. 3). But Hugh of St.-Victor chose the half of this opinion (in his Annotations on Genesis, ch. 6): "That there are waters above the firmament is had both in Genesis and in the Prophet, etc. But what those waters are does not pertain to us; yet some say that they are glacially solidified. To me, however, it seems most true... that they are suspended in the likeness of vapour—namely, that they consist [as] the water of the clouds." The contrary, plainly, Peter Comestor holds—but under a disjunction—(in the Scholastic History, ch. 4): namely, that both the Firmament and the waters above it are concreted in the manner of ice; for after he had said, "The firmament divides the waters which are below it from the waters which are above it," he added: "and they are, like it, congealed as crystal, lest they could [be melted] by the fire of the sun, or be thus surmountable as waters." In almost the same words Hugh of St.-Cher uses [it] (in postils), who says of the waters above the Firmament: "And these waters are congealed in the manner of crystal—whence by some they are called 'crystalline heavens'—or they are vaporable, in the manner of a cloud."


[Margins: St. Anselm; Hugh of St.-Victor; Comestor; Hugh of St.-Cher.]



Prudently the Lusitanian (Jerome by Oleaster), on Genesis ch. 1, [says] concerning these waters: "When Scripture cries out that they are there, many Theologians prefer to follow the blind Philosophers than to believe the authority of Scripture." And he concludes: "I would rather err with Scripture (if it could err) than speak the truth with the Philosophers." And presently: "Yet I think they are of the same nature as the lower [waters]; for it is clear from the text below that they were continuous with the lower [waters]; but the firmament being made (or the division), they do not seem to have changed [their] nature." It pleases [me], on this occasion, to report against those who respect neither the Divine letters nor the interpretations of the Fathers, a sentence full of gravity [from] Bishop Vielmus (lecture 14 on Genesis); where, having brought forward the objections against waters of this kind—as if they were above the heavens, and [there] in vain, and by violence [against nature]—he says: "Rightly indeed [might one object], etc.—unless the word of God stood in the way, [and] especially [as it was] almost [universally] interpreted by the ancient saints, who, by these words, understood waters of one kindred and nature with ours to be placed and to exist above the heavens."


[Margins: Oleaster; Vielmus.]

[Vielmus's words continue at the top of p. 222: having adduced the words of Genesis, he subjoins a lament—"But we are, in this, in such a Christian calamity at this time, that more of our own (if indeed they deserve to be called 'ours')..."]





(printed p. 222): The page continues with Vielmus, who, after adducing the words of Genesis, laments the Christian calamity of his time, in which many steeped from youth in profane philosophy dread holy antiquity. The authors cited held that a great quantity of those upper waters was solid, upon which the World hangs suspended.

I pass over now, for brevity's sake, many of the more recent [authors] on Psalm 103 (on that verse, "Who coverest its higher parts with waters") and Psalm 148 (on that [verse], "And all the waters which are above the heavens"). Even though St. Gregory of Nyssa (in the Hexaemeron) said [these waters are] indeed not of a nature different from the elemental ones—because [they are] lighter than fire, free from all [interchange], and comprehensible, like the elemental [waters]—[and] likewise [Alexander of] Hales, Albertus, Scotus, Durandus, Bonaventure, Aegidius, Catharinus, Peter of Tarentaise, and St. Thomas (in the Disputed Questions, q. 4, ad 5; in [Sentences] 2, dist. 14, q. 1; and in the Prima Pars, q. 68, art. 3, ad 1)—for [Thomas] teaches that, by [its] solidity, [the upper water] is likened to crystal, by [its] transparency to water, [and] is of the hard heaven's kind. With whom our Tanner agrees (vol. 1 of the Theology, disp. 6, q. 3, dub. 1), where, in his assertion, he concludes that, of all the "waters above the heavens," [it is] more probable to understand the Empyrean, or a simple celestial body—diaphanous, liquid, and spirable—destined for the habitation of the Blessed; which Empyrean William of Paris [so describes] (part 1 On the Universe, ch. 3). But why would one call it "air" rather than "water"? ... let it be [reckoned] air, by [the figure of] breathing.


[Margins: Vielmus; The authors who place in the heaven waters of a nature different from the elemental; 1st Opinion: on the quality of these waters.]



[VIII.] From the Authors adduced, we may gather four opinions about the condition of these waters.

The first opinion (though later in time than many) was that they are, as to substance, diverse from the elemental waters (whose authors we adduced a little before); which is the more favoured [view, as being] consonant with the literal [sense] of Sacred Scripture and [with] most of the ancient Fathers (cited at num. 3 and 7).

The second is the contrary: that those waters are indeed of the same kind as to substance [as the elemental], but that they are rarefied and expanded above the Firmament in the manner of vapours, like a cloud—or [are] cloudy; as we see a nebulous air besetting cities and towns, or thin vapours and smokes above valleys and stagnant waters, or dewy mists covering the whole surface of the horizon; and that, from this lightness, it comes about that, even if [they are placed] above the solid firmament, yet they cannot remain there in the way in which vapours and clouds [remain] above our air. So think, more or less, St. Augustine (bk. 2 On Genesis to the Letter)—especially the rarefaction being supposed possible [to proceed] from finite to infinite, and [given] the opinion of those who assert that "all things are infinitely divisible, [so] that every part of a body is a body, and every body must [contain] the half of its quantity." To which Eucherius subscribes (bk. 1 on Genesis, ch. 3), saying: "For just as these clouds, which are everywhere, are borne above the air, so I judge that the third [region] of waters can be made vaporous, [so] that, [being] subtle, they are borne above the heaven." And [Augustine again, q. 14, using his own words]; and also St. Anselm, both Hughs, and Comestor (as is clear from their words adduced near the end of num. 7); to whom add Anselm of Laon (in the Glossa Interlinearis), distinguishing the upper waters from the lower by this mark: "in the midst of waters vaporously suspended, and gliding over the earth"—[the former] to be understood of the vapours above the firmament. But St. Thomas (in the Disputed Questions, q. 4, art. 1, ad 5) refutes this opinion, on the ground that water cannot transcend the mode of [its own] rarity—[that it] could not naturally exceed the spaces of fire and air, unless, the nature of water being lost, [it] surpassed their rarity. And certainly clouds and vapours, however thin (and the spirit [air] which constitutes a body for them), [are such] that the thin air, in [its] equal mode, is compared with the magnitude of [the water] itself, and so is borne above the [lower] air. But St. Thomas speaks of what is [the case] naturally; for God could expand the waters—attenuating them so that they were rarer than the air or ether—and yet not [wish] to subtract, from their consenting concourse, the requirement of their pristine substantial form (namely both coldness and humidity). From the aforesaid Doctors, however, St. Anselm, Comestor, Hugh of St.-Cher, and the Master admitted the Firmament below [to be] of solid ice or crystal, as is clear from what was said (num. 3).


[Margins: 2nd Opinion: on waters attenuated into vapours, and its authors.]



The third opinion was that these waters are liquid and flowing, in the way the other elemental waters flow, and therefore not falling, because they are sustained by the firmament: of this opinion were Tertullian and SS. Basil, Ambrose, Hilary, Caesarius, Cyril, Chrysostom, Theodoret, Junilius, Procopius, Strabo; nor [only these]—St. Augustine, Hugh of St.-Victor, and Comestor approved it; and it will be clearly evident to one re-reading their words, recited by us from num. 3 to 8. From which [authors], some think those waters [are] so far [from] falling [that they are held] from below in the vessels and outermost cavities of the supreme heaven; others refer this to the power of the divine Omnipotence. But it could be added: whether [that suffices], or whether they are carried round (with an equal distance from the center of the World) by the rapidity of the Firmament; or whether that ring of waters be established as the Prime Mobile. For those waters seem [to be], as it were, an element circumrotated... and [so do not] flow downward, or do not gravitate there, because [they are] then outside their proper place—as Oviedo [holds] (in [his] Physics, p. 466).


[Margin: 3rd Opinion: on liquid waters sustained below a solid Firmament; its Authors.]



The fourth opinion seems to have been [that] of those who established both the waters above the heavens and the Firmament itself [as] solid, in the manner of crystal or ice—[some speaking of] fiery crystalline heavens, or adamantine [ones]—and acknowledged the Firmament consolidated in a mass of ice, or at least its upper part [so]; so that thus both [statements] are true—namely, both that by it the waters are divided from the waters, and that they therefore do not fall down, because they have concreted into that hardness. So seem to have thought Josephus the Hebrew, Clement the Pope, and Severianus (adduced at num. 3); which Strabo admitted (in the Glossa Ordinaria), in these words: "Not by a corporeal thinness, but by a glacial solidity, [God] could suspend the waters." And in the Glossa Interlinearis, Anselm of Laon, saying: "The higher part of the waters is congealed in the manner of crystalline stone; the lower [part] reduced to a matrix [matter]." And Bede (book On the Nature of Things, ch. 7): "We judge, however, that that nature of the waters [hangs] now not by a vaporous thinness, but by a glacial solidity, for mitigating the nature of the stars." But no one, that I know, more distinctly posits two crystalline heavens than Comestor (ch. 4 of the Scholastic History), when, concerning the firmament and the waters above it, he said: "And they are, like it, congealed as crystal"—even though he would not deny that they can be attenuated in the manner of a cloud. Into this class can be reduced those who—as Hamerus reports (in [his] Commentary on Genesis)—by the upper waters understand the crystalline heaven (so called for [its] hardness and transparency), but by the lower [understand] the heaven of Saturn... and [by the lowest] the aerial heaven, as [the] Aplanes [the starless sphere]. Our [Jesuit] Clavius too (ch. 1 of [his] Sphere, formerly p. 45, but more recently [otherwise]) [holds it] not [by] right judgment to understand that above the heavens are fluxile and falling waters, such as these lower ones are, but [that] the ninth and tenth heaven must be understood—called "waters" for [their] transparency and uniform rarity, and so crystalline or glacial. So too Cajetan (on 2 Corinthians, ch. 12) says the watery heaven is the Prime Mobile, which he calls the "third heaven"; and Io. Antonius Delphinus (On the Celestial Globes, p. 62) [says] those waters are the ninth crystalline heaven, or Prime Mobile.


[Margin: 4th Opinion: on waters and firmament solidified by congelation; its Authors.]



[IX.] But you will ask: how great is that quantity of waters above the heaven? I answer that it is most uncertain. Some, however, moved by that phrase, "let there be a firmament in the midst of the waters," have judged that half of the whole deep (or of the waters created on the first day) was left on the earth, and the remaining half, by expansion or solidification, passed into the heaven; so hold Severianus, Damascene, and Procopius (adduced at num. 3 to 7), and Theophilus (to be cited at num. 10). But St. Hippolytus thinks a third part of them was left on the earth, a third compacted into the firmament, and a third placed in the waters above the heavens.


[Margin: The quantity of the waters above the heavens is asked.]

[¶X begins at the top of p. 223: the end for which these waters were carried up—unknown to men, known to God alone; some [say they are reserved] for dew, others for rains (especially the deluge's "cataracts of heaven").]





(printed p. 223):

[X.] But the end, for which the aforesaid waters were carried up into heaven, is said by some to be unknown, and known to God alone. Others think [they were] reserved there for the dew which drops upon the earth—as Comestor reports from the opinion of others (ch. 4 of the Scholastic History), saying: "Why they are there, God knows; unless [it be] that some hold that thence the dew descends in summer." Others [reserved them] for the rains—especially at the time of the deluge; and [hold] that these are the "cataracts of heaven," which are said to be opened then (Genesis 7), and of which it is said [elsewhere], "so he opened not the cataracts of heaven." So the Master (on Psalm 103) says of these waters: "which [come down] only through rains, just as it is said that the cataracts of heaven are opened, [the water] descending through rain." The same thinks St. Epiphanius (epistle to John, Bishop of Jerusalem), Cyril of Jerusalem (Catechesis 9), Cassiodorus, Richard, and Haymo (on Psalm 148), the Lusitanian (on Genesis ch. 7), and, before these, Josephus (bk. 1 Antiquities, ch. 1), and Theophilus of Antioch (bk. 2 To Autolycus), saying: "The second heaven—which this visible firmament is called—snatched up half of the water above, that it might pour out, for the use of men, rain, showers, and dew." But some [say] that [the waters serve] that the heaven, unshaken by the storms of the winds, might be made firm—and this, among other causes, St. Justin reckons (q. 93 Orthodox [Questions]). Some, that they might cool the star of Saturn and preserve cold influences in the World (from the same Justin, in the same place). Others, that they might repel the rays of the stars downward: "For fire, by its nature, tends upward," says Procopius (in his Commentary on Genesis); "and so [the waters], conjoined to the supreme heaven, beat back and impel the splendour toward the heavens." Others, that they might beat back the heat of the first, or Empyrean, heaven: so St. Hilary (on Psalm 135) and Bede (book On the Nature of Things, ch. 7). Others, that—[the] firmament of visible [things being] variegated, which can receive [colours] from the daily light through crystal and water, as appears in the rainbow—they might delight the eyes of the blessed men: as Cornelius à Lapide teaches by no light conjecture (on the Pentateuch, at the first day of the world), and Salianus (in the Annals, at the same day, num. 20).


[Margin: The end and use of these waters.]



[Chiefly], however, by a threefold end—because to this end they hold those waters [were] carried up into heaven: that they might temper the heat of the stars and of the ether, and defend the heaven and the earth from conflagration. For this St. Justin too teaches (q. 93 Orth.), St. Basil (homily 3 Hexaemeron), St. Ambrose (bk. 2 Hexaemeron, ch. 3), St. Damascene (bk. 2 On the Faith, ch. 9), Theodoret (q. 11 on Genesis), Procopius (on Genesis ch. 1), Bede (On the Nature of Things, ch. 8)—who prefers this opinion to others—St. Thomas (in postils on Genesis), Claudius Marius Victor (on Genesis), and the Church herself, in that hymn:


"That the wave may temper the flames, [and] lest [the flames] should waste the soil."



But perhaps they serve, by their own motion of 24 hours, [as] the office of the Prime Mobile—as we shall say below (Section 4, ch. 3).

Question 4

Whether the upper Waters are the holy Angels.

[XI.] From what has been said hitherto, it is sufficiently clear that the Waters which the sacred letters teach to be above the heaven are some watery body—either of the same nature as elemental water (as, with the more common [opinion], we taught from num. 6), or at least analogically agreeing with their transparency and with the hardness of crystal; from which [premises], and chiefly from sacred Scripture, [they are] so to be understood, as is plain. And [there is] the constant figment of Origen, who says that the waters above the heaven are Angels, but below the heaven [are] the evil demons—because of the upper waters it is said "that they may praise the name of the Lord." But this error the literal sense, and the [historical reason], refute: St. Basil (homily 3 Hexaemeron), St. Ambrose (bk. 2 Hexaemeron, ch. 4), St. Epiphanius (epistle to John of Jerusalem), St. Augustine (bk. 11 City of God, ch. 34), St. Thomas (Prima Pars, q. 68, art. 3), likewise Procopius (ch. 1 on Genesis) and Rupert (in the same, bk. 2, ch. 23), and among the more recent, Pererius (bk. 1 on Genesis, p. 64), Suárez (bk. 2 On the Work of the Six Days, ch. 4), Martinengus (Glossa Magna, p. 616), and Tanner (vol. 1 Theol., disp. 6, q. 3, dub. 1). Yet, [saving] the sense of the letter, the waters can [also] be taken mystically, or tropically, for Angels, or spiritual creatures—as SS. Nyssen [did], and Jerome (on Psalm 76, adducing that [verse], "The waters saw thee, O God"), and that [text] of Apocalypse 17[:15], "Many waters [are] many peoples"; and St. Augustine (On Genesis, the imperfect [work], ch. 8, and bk. 13 Confessions, ch. 32)—although, lest hence an occasion of error be given to anyone, he holds himself back (bk. 2 Retractations, ch. 6).


[Margins: Origen's error; Question 5.]



Question 5

Whether the upper Waters are Clouds and Vapours above the Air, or in the Air.

[XII.] It has seemed to some that elemental waters are unfittingly placed above the heavens (especially the incorruptible ones), since they are a heavy, gross, and ignoble body; nay, [placed there] in vain, and to no probable use; and [it is] against the nature of the elements, against the order of the elements and heavens, and finally against decorum. Finally (if, to avoid these [difficulties], it be asserted that [they are] not elemental [waters]), [it is] without any valid foundation to affirm the waters to be of a different species. Wherefore they have come down [to this]: that, by the name "the waters which are above the heavens," are to be understood the waters which are enclosed, as to substance, in clouds, vapours, and mists, which are in the highest and middle region [of the air]; and that the "Firmament" is, in this place, the lowest air, or the whole region composed of air and ether... up to the stars, expanded between those [upper] waters and the waters of the sea and rivers, as a firm and stable boundary. This opinion [the following indicate]—[holding] the firmament here [not] the immovable [heaven]: St. Thomas (Prima Pars, q. 68, art. 3, ad 1), Durandus ([Sentences] 2, dist. 14, q. 1); and from St. Augustine (bk. 2 On Genesis to the Letter, ch. 4), Eucherius, Bede, and the Glossa Ordinaria on Genesis [indicate it]; indeed, to the Rabbis and Abenezra, the Abulensis (in postils) and Vielmus (lect. 14) attribute it. But it is vigorously maintained by Rupert the Abbot (bk. 1 On the Works of the Trinity, ch. 22), Eugubinus (in the Cosmopoeia), Arias Montanus, Castro, Pineda, Pererius (bk. 1 on Genesis, from p. 65), Valentia (Prima Pars, disp. 5, q. 3, point 2), Suárez (bk. 2 On the Work of the Six Days, chs. 4 and 5), Tirinellus (in the Annals, at the first day of the world, ch. 4), and Kepler (in the Introduction to [his Commentaries on] Mars).

For they try to persuade that the air is called "firmament," from Proverbs 8[:27–28]: "When he prepared [the heavens] I was present; when he made firm the ether above, and balanced the fountains of waters; when he compassed the sea with its bounds"—where, for "ether" (that is, air), the Hebrew has Shechaqim, which properly signifies "clouds," so that the Septuagint rendered [it] tà ánō néphē (τὰ ἄνω νέφη), "the upper clouds"; and thence [they say] the "fountains of waters," which [God] then balanced by his ministry, were the upper fountains of clouds, or the cataracts of heaven (of which it is said in Genesis 7 and Malachi 3); and that the same is to be understood of clouds [in] Job 26[:8] ("who bindeth up the waters in his clouds, that they break not out together downward")—since Pliny himself (bk. 31, ch. 1) said: "What is more wonderful than waters standing in the heaven?" Finally, hither they try to refer that [text] of Jeremiah 10[:13]: "At his voice God giveth a multitude of waters in the heaven, and lifteth up the mists from the ends of the earth." And [they say] that the space which is between the Sun and the Moon was full of rainy, dewy water-matter—according to that [text] of Job 38: "Who shut up [the sea]... when I made a cloud the garment thereof, and wrapped it in darkness as in swaddling-bands?"—and Ecclesiasticus 24[:6], "I [dwelt] in the heavens, that an unfailing light might rise, and like a mist I covered the earth." (But this [last] I should easily grant of the air.)

Nor are there lacking Fathers who patronize this opinion: for St. Augustine (bk. 2 On Genesis to the Letter, ch. 4) said it was "laudably devised, and not against the faith"; and Bede approved it (bk. 2 On the Elements of Philosophy). But Catharinus rejected it (on Genesis ch. 1); and Martinengus (in the Glossa Magna), saying it is supported by no arguments, and (frag. 185) that their opinion is discordant from many Fathers, and that by the name "firmament" only the air is understood (and ch. 58, p. 583, [holds] this sufficiently refuted); and Molina (in the same place, and On the Work of the Six Days)—[holds it] thus plainly false; and Tanner (vol. 1, disp. 6, q. 3), who says the opposite is the common [opinion] of the Fathers, and shows (On the Heaven, q. 8, p. 179) that the opposite is certain and firm. Nor to me is it ever very probable: both because the Sun, on the fourth day, was not yet present, to lift up the vapours; and because it was more fitting to the divine workmanship that, on the first day, [God] should create the pure elements, not [things] confused with mists—nay, for several days there existed no rains, Moses saying (Genesis 2[:5–6]): "For the Lord God had not [yet] rained upon the earth, but a fountain went up [from the earth]."


[Margins: Authors against this opinion; Arguments against this opinion.]

[The argument continues at the top of p. 224: that whole Firmament (Genesis 1:6–7) divides the upper waters from the lower—but such is not our air, nor a firm interstice dividing cloud-waters from the lower waters, since we often see clouds brood upon the sea and marshes.]





(printed p. 224): The page argues against identifying the firmament of the second day with the air: the air is no firm interstice dividing waters, and Genesis does not allow the firmament of the second day to differ from that of the fourth, in which the stars were placed. Far more probable and worthy of God is that on the first day He created all the heavens and elements, on the second made the Firmament—at least the heaven of the fixed stars—from condensed water, separating the Empyrean from ether and air, and on the third distinguished Earth and Sea.




Chapter III, How many, and which, Heavens were founded by God on the First and Second day of the World?

First Conclusion. On the first day God created all the Heavens as to substance—namely, the Empyrean, the Sidereal, and the Aerial. This conclusion is sufficiently proved from Scripture and the Fathers (ch. 1, q. 1, from num. 6 to 17; and q. 6, where [I treat] particularly of the Empyrean, from num. 24 to 31); and from what was said there, it is plain that this is more probable than that only the Empyrean and the elements were created. Nor is it against the conclusion if someone should say that the sidereal heavens were made on the second day—provided he say they were made not by creation or substantial generation, but by the expansion of water [already] made (into the Planetary heaven) and by [its] condensation into the heaven of the fixed stars, or into the crystalline and watery heaven: since, by this very [fact]—that that water was created on the first day, and is not afterward posited as substantially changed—he posits those [heavens] as created, as to substance, on the first day.


[Margin: All the heavens created in substance on the first day.]



[II.] Second Conclusion. On the second day God made, from the elemental waters, one Firmament—that is, the Sidereal heaven; then [also] the Crystalline and Watery heaven (provided the two are really distinguished from each other and from the Firmament); or, as [is] more probable, [provided] there be one Firmament, or [the] Empyrean. This conclusion likewise is manifest from the sacred letters and very many Fathers and Doctors (ch. 1, in all that was said, at qq. 1 and 2). And there we refuted the two first false opinions—one about the Angels, the other about the air and clouds [as] founded on that day.


[Margin: The heaven made from water on the second day.]



[III.] Third Conclusion. It is more probable—and, resting on the [established] authority of the Fathers [and] Sacred Scripture—that the watery heaven, or the Waters which are above the Heavens, are fluid; or at least [that they] are really distinguished from the crystalline Heaven, or [are] its supreme part. For (ch. 1, from num. 3 to 8) we showed, from Scripture and the Fathers, that the Firmament was made on the second day from water consolidated in the manner of ice or crystal (num. 4 to 8); [and] that there are true waters above the Firmament—not attenuated into vapours (or, as more affirm, attenuated), but [that they] are liquid, like the elemental [waters], or consolidated into ice (as [we showed] from num. 8 to 9). Wherefore those waters—or the "watery heaven," as they are called by some of the Doctors—[whether they] are really distinguished from the Firmament [or are its supreme part]...


[Margin: The Watery and Crystalline heaven distinguished.]



[IV.] Fourth Conclusion. It is more probable that the solid heaven, like ice or crystal, is that heaven in which are the Fixed (non-wandering) stars—or even that other heaven which was placed by God immediately above this [one]—but [that] the heaven of the Planets is fluid. This conclusion is one of the chief [ones] investigated by us hitherto with so great a knowledge of the authorities; and therefore, by distinct arguments, I shall establish [it as], unless I am mistaken, the most valid.


[Margin: The upper part of the sidereal heaven solid, the lower fluid.]



First, then: from the Fathers and Doctors, many and most weighty [authors hold] the Firmament to be solid—taking "solidity" for such a hardness as ice or crystal has, or even [as] the tabernacle itself [has]—as is clear from what was said (ch. 2, from num. 2 to 4); and not a few acknowledge the same solidity in the waters placed above the heavens. But, on the contrary, many others, no less weighty—nay, some of those very [authors] who asserted the aforesaid solidity—nevertheless teach that the heaven is not [solid] with an enclosed hardness; others [teach it is] fluid and permeable, as is clear from what was said (ch. 2, num. 4 and 5). Now those who asserted solidity with hardness build, first of all, [the argument] that the heaven [must] be fit to sustain the waters above the heavens (which are fluid), and to separate the invisible heaven from the visible. But those who contend the heaven is fluid—and [argue] more evidently for its fluidity—rely first of all on the motion of the Luminaries through an immobile heaven, or [on the fact] that motion is nowhere attributed to the heaven [by Scripture], but only to the Planets. Therefore [these two camps] can in no way be better reconciled among themselves than by distinguishing—and conceding solidity and hardness to the supreme heaven of the visible [heavens], or to the supreme part of the Firmament (which is distinguished [as that] upon which the same burden falls: of sustaining the hypercelestial waters, and bounding and separating the Empyrean from the visible); but, to the heaven in which the Luminaries move—and so to that of the rest of the Planets, with the Sun as [their] leader [coryphaeus]—conceding fluidity. And it is better thus to [reconcile] so many Fathers (since the text altogether permits this—nay, indicates such a distinction) than to suppose them [irreconcilably] at odds among themselves, or to drag [them] into one extreme opinion without any necessity.


[Margins: 1st Argument; 2nd Argument.]



Secondly: by the same conclusion, not only are the Fathers and Theologians reconciled among themselves [for] me, but also with the more recent and more skilled Astronomers—as will be clear from what is to be said (ch. 7, especially at the end). Why, then, should we not foster this covenant [with the whole] divine workmanship?

Thirdly: Sacred Scripture itself, as we have said, sufficiently indicates that some heaven is hard—inasmuch as [it is] fit for dividing the upper waters from the lower, and [that] this [heaven is] to be conserved perpetually; and we showed (ch. 2, num. 2) that this is gathered from the Hebrew name itself. But the same [Scripture], when it says that the Luminaries move freely through the heavens—never mentioning a motion of their heaven [carrying them], as was said (ch. 2, num. 4)—indicates that at least that part of the heaven through which they are borne does not move, [given] the supposed impenetrability of bodies, even celestial ones (although the Theologians elicit [that] impenetrability from the sacred letters, as I here suppose). Therefore the aforesaid conclusion is very consonant with the sacred letters, and so more probable; nor is it at all incongruous that that [text] of Proverbs 8, "When he made firm the ether above," be understood of the supreme part of the ether, [as] solidified.


[Margins: 3rd Argument; 4th Argument.]



Fourthly: among the Fathers who dispute about the solidity and fluidity of the heaven, many speak only indefinitely; but [those] who speak more distinctly of some [particular] part of the Firmament ascribe solidity and hardness only to the supreme sidereal heaven (or [that] of the fixed stars), [while] the rest of the firmament—as permeable by the Planets—they grant [to be] the Planetary heaven. Of whom, although I have already adduced some, it pleases [me] here to repeat a few select words to this purpose. St. Bonaventure (2, dist. 14, part 1, art. 1, q. 1) calls [it] the common [opinion] of the Physicists and Mathematicians, that the Planets move in the heaven in one continuous body, subtle and very mobile—of which kind are air and water. And clearly St. Anselm (bk. 1 On the Image of the World, ch. 22), where he says: "The higher heaven is called 'firmament,' because it is a firmament in the midst of the waters"; then, "this is of a spherical form, [of] the nature of waters; everywhere adorned with fiery stars, solidified like ice—nay, [like] crystal." If it is the higher [heaven], and everywhere adorned with stars, then he called that the eighth heaven, or sphere of the fixed [stars]. But he himself opens [the matter] immediately, [in his] words at num. 24, when he subjoins, concerning the Planetary heaven: "Fire, the fourth element, is extended from the Moon up to the firmament; it is only so much more subtle than air, as much as [air is thinner than water]..."


[Margins: St. Bonaventure; St. Anselm.]

[Anselm's words are completed at the top of p. 225: "...and water rarer than earth; here too the ether is called, as it were, pure air; in this [heaven] the seven stars are borne, each in its own circle, against the course of the world, and for [their] wandering course are called Planets." P. 225 then continues with Isidore (the Sun "moves by itself, not turned with the world"), Richard of St.-Victor, and William of Paris.]





(printed p. 225): The page gathers further authorities distinguishing the firmament of the fixed stars from the planetary heavens: Anselm on the seven stars borne each in its own circle against the course of the world, Isidore affirming the Sun moves by itself and is not fixed in its heaven, Richard of St.-Victor on the luminaries fixed in the Firmament except the seven Planets, and William of Paris, who holds the Firmament a condensed heaven made from water, distinct from the seven planetary orbs.

Likewise, even more distinctly, St. Thomas distinguishes [it] (in postils on Genesis): "But that Firmament which divides those waters is the sidereal heaven, or the Fixed Stars themselves, which is not [the] Planet[s] and their orbs"—["under which," he said,] "not in which." Hamerus too reports, and tacitly approves, the same opinion—[those authors] who came to [this] understanding from Astronomy; for [the firmament is], by interpretation, [the heaven] fit for the array of the torches of the stars: this is called by the Greeks Aplanḗs [the "non-wandering" sphere], and by the Latins "inerratic." And clearly Catharinus (Enarration on Genesis ch. 1): "The heaven, therefore, which we call sidereal—namely the eighth, [bearing the fixed stars, and] not a Planet—I [hold] must be understood by this name [Firmament]"—which is far more apt and correct. But also Dionysius the Carthusian (in his Commentary on Genesis, art. 10): "What is to be understood by the name 'Firmament' he considers from this—that a little after, those [stars] are said to be 'placed in the firmament'; and so, God commanding, the firmament was made, that is, the Heaven of the stars, which is the eighth sphere; because beneath it are the seven spheres, or orbs and heavens of the planets"... so that the Firmament made of water is the shell by which the Planetary heavens are contained within its ambit. He subjoins, moreover: "I already think the exposition of those [authors] more reasonable, and more consonant with the text and with the ancient and holy Doctors, who say that in the beginning the celestial bodies and the elements were produced together, under distinct and proper substantial forms; therefore the Firmament and the Orbs of the Planets [were] created in the beginning as to their whole substance," etc.—so he distinguishes the Firmament and the eighth sphere from the orbs of the Planets.


[Margins: St. Isidore; Richard of St.-Victor; William of Paris; St. Thomas; Hamerus; Catharinus; the Carthusian.]



This very thing those words of Hugh of St.-Cher sound (in postils): "The Firmament, the surface of the sensible world, [made] from waters congealed into crystal (as they say), containing all other sensible [things], after the likeness of a single shell; and it is called 'firmament' because [it is] firm." With whom plainly agrees the [author of the] Scholastic History on Genesis, or Peter Comestor: "The Firmament, in the midst of the waters, fixes a certain outer surface of the world, [made] from waters congealed [and] consolidated like crystal, and translucent, containing within [it] the rest of the sensible [things], after the image of the shell which is in an egg; and in it are the stars." Moreover, from num. 4 of the second chapter, it is established that the heaven of the Planets does not move, but is permeated by the Planets (according to Chrysostom, Anselm, Procopius, Junilius, the Carthusian, etc.); just as, from num. 3, it is established that the supreme part of the heaven, which divides the upper waters, is solid. Therefore from these [it is] gathered, [as] more probable, that this [supreme part] indeed [is] solid, but the [heaven] of the Planets [is] fluid and permeable.


[Margins: Hugh of St.-Cher; Comestor; Chrysostom, Procopius, Junilius.]



Fifth [argument]: that the heaven of the Planets is, according to not a few Doctors, the Aether or Fire; and this, without doubt, [is] more fluid, and—[as] yielding air—more apt for those mobile bodies. The major proposition is proved, first, by the authority of St. Anselm of Canterbury (adduced a little before, from num. 4), and of Junilius (in his Hexaemeron), saying: "It must be understood that [the bird] flies below the firmament of heaven." So they number the Heaven in place of the element fire: Innocent III, the Pope, on the fifth penitential Psalm, saying: "In the creation of the World, Heaven and Earth—the first and the lowest among the four elements—were created together." And since Bede likewise judged the same in his exposition of Genesis, when he says, "Since the World consists of four elements—Heaven, Air, Water, and Earth." Similarly, more or less, Hugh of St.-Cher (in postils): "'Heaven,' that is, the two higher elements [fire and air]; 'Earth,' the two lower." Nor do Tostatus (on Genesis ch. 1) and Rupert (bk. 1 Commentary on Genesis, ch. 8) deny [it]: from Plato's opinion they so understand Genesis to have been [composed]; and even Plato, when he had read this Scripture, etc.—because by "Heaven" he suspected fire also to be signified, he thought only four elements (namely fire, earth, air, and water) were here enumerated. To which pertains that [text] of St. Augustine (On Genesis to the Letter, the imperfect [work]; and On Genesis to the Letter, bk. 1, ch. 3). And so, above the air, the heaven is said to be pure fire; [it is] said also, from the opinion of Pliny (bk. 2, ch. 5): "...I see [no reason] to doubt that the elements are four—fire highest, [whence come] the eyes of the shining stars." Of old too the Stoics called the heaven a "mobile ardour," and Heraclitus "fire"; and Empedocles (in Clement of Alexandria, bk. 4 Stromata) enumerated the four parts of the world in those words:


"Earth, and the swelling Sea, and the moist Air, and the Titan Aether, who binds all things together in a circle."



Anaxagoras and Empedocles judged the sidereal heaven to be fiery, as Plutarch reports (bk. 2 On the Opinions [of the Philosophers], ch. 6); Pythagoras and the Egyptians thought the same, and Empedocles (bk. 1 On the Heaven, ch. 4). Wherefore [that] the ether, or heaven of the Planets, is fiery, I deem not [only] not strange, nor new, nor absurd, but vehemently probable—as Paracelsus [holds], and Del Río (on Genesis ch. 3), and Tellez (disp. 40 of [his] Physics, sect. 4): [namely] that in the Firmament the luminaries are placed in that way in which one would say, truly and properly, that something is "placed" in an egg, or in a vessel, even if it were not affixed to the wall itself, or [to] a crust. For the Firmament contains the heavens of the Planets, just as the shell [contains] the white and the yolk of the egg; [Del Río] says it is itself one heaven composing [the whole]—whence [that] which is called "firmament" [is what] Genesis 1 [so names]; which Suárez, Valentia, and Pererius ought the more willingly to concede, since they themselves, by the name "Firmament," understand that whole diaphanous body which [extends] from the earth up to the supreme heaven.


[Margins: Innocent III; Bede; Hugh of St.-Cher; Plato; St. Augustine; Pliny; the Stoics; Heraclitus, Empedocles, the Egyptians; Tellez, Paracelsus, Del Río.]






Chapter IV, On the Work of the Fourth Day; that is, on the Luminaries and other Stars created, and placed in the heaven by God.

We have, as it were, leapt over the works of the third day—that is, the gathering of the waters which had remained under the heaven into the cavities of the earth, and the shoots born and brought forth from the earth by God's command on the same day—because they do not much pertain to the system of the World, in which are chiefly regarded the heavens and the celestial bodies; and therefore we make [our] transition to the work of the fourth day, which is contained in those words of Genesis: "And God said: Let there be Luminaries in the firmament of heaven, and let them divide the day and the night; and let them be for signs and for seasons, and for days and years; that they may shine in the firmament of heaven, and enlighten the earth. And it was so done. And God made two great Luminaries: the greater luminary to rule the day, and the lesser luminary to rule the night; and the stars. And he set them in the firmament of heaven, that they might shine upon the earth, and rule the day and the night, and divide the light and the darkness." These [things] being laid down, the following questions are to be dispatched.

Question 1

Why was the Production of the Stars deferred to the fourth day?

[I.] If God, on the third day, had not clothed the earth with herbs and plants, a physical reason for this delay could be given from the dignity of the heaven. For since, in six days, the whole business of this workmanship was to be completed by divine decree, the first three [days] were deputed to the creation of the great parts, and to universal place—namely, the first day to creating the heavens and the elements; the second day to the separation of the heavens among themselves and from the elements; and the third to the separation of the lower elements. The remaining three days were destined for the adorning of the heavens and the elements. Therefore the first of these days—namely the fourth from the very beginning of creation—ought to be granted to the adorning of the heaven, as [being] the noblest of bodies and the higher of the simple [bodies], [to be] adorned with the most excellent creatures...


[Margin: The 1st cause of the production of the stars on the 4th day.]

[The argument continues at the top of p. 226: ...rather than with [terrestrial things]; with the (apparent) difficulty that herbs and plants—earthly things—were nonetheless brought forth on the third day, before the stars.]





(printed p. 226): The page gives the causes why the Sun and stars were created on the fourth day: the first three days were deputed to creating the great parts of the world, the latter three to adorning them, so the fourth day belonged to the noblest body, the heaven—the first cause from Augustine, with Bede, Junilius, the Glosses, and the Master; the second, that the worthier heaven should be adorned before the elements, from St. Thomas and others. Whether the plants of the third day pertain to the "adornment" of Genesis 2 is disputed, Origen, Chrysostom, and Anastasius Sinaita including them.


[Margins: 1st cause of the production of the stars on the 4th day; 2nd cause; 3rd cause.]



The Third cause seems to have been that, on this [day]—the middle [day] in this week—the work might be adorned with the more worthy [and] most excellent things. St. Augustine refers this same [cause] (bk. 2 On Genesis to the Letter, ch. 13)—but, chiefly to disprove [it], ch. 15—[arguing] against Philo, who would show the excellence of the quaternary [the number four]: that [the stars were made] on the fourth day; ... [and the number] ten; for if to four you add the preceding [numbers] 1, 2, 3, ten results. The Fourth cause St. Athanasius (on Genesis, q. 85) and Theodoret (the same, q. 16) bring: namely, that the light of the first three days—being [too intense] and not bearable by animals—might be tempered and diminished, [and] distributed into many stars (as if the whole shone, as the Sun now [does]); for by this distribution [there came], in a manner, a diminution; and [they hold] that that light was then more intense than afterward. The Fifth cause (according to Procopius on Genesis, ch. 1, and others in Martinengus, p. 845) is said to have been: that—for the banquet to be prepared for man—the stars were kindled, [so] that the luminaries might shine before man, just as [the lamps and] heralds [shine and run] before an emperor.


[Margins: 4th cause; 5th cause; 6th cause.]



But to me the Sixth cause seems the most probable of all: namely, that [the first light] might both stand in part [as a permanent light], and [be] the universal vehicle of the influxes and colours [for] living things, and [for] the herbs and plants which seem chiefly to depend on the heaven—[yet] that they do not depend essentially on the Sun and the rest of the stars; and so that men might be averted from idolatry, [God] showing [the stars to be merely] some beautiful creatures; and, on the other part, that [the stars] might from the beginning exercise some power in producing living things, together with God the principal Maker, and not seem inferior to the [first] three [days]; nor indeed ought man to be deferred to the last day, lest God should seem [to lavish] on what was first produced the most excellent [things]. The first who can be [cited as] having handed down this cause is Philo (book On the Making of the World), whose words are most worthy to be transcribed here; for he speaks thus of God the Maker: "[The Creator]... not yet having created men... [foresaw that men] would follow conjectures, plausible to those that come after, which have much analogy to reason in appearance, but not the sincere truth; and because, with the eyes [and senses, they would] rather believe [the heavenly bodies to be gods] than [the work of] wisdom—and [believe] that, by the courses of the Sun and Moon, with the other stars (and by [their] winter, spring, and autumn markings), the produce of the years for the earth, and the causes of all things born, [arise]—and [lest], sated by the circuits of the celestial stars, they should dare to ascribe the first causes to any creature, whether through inexperience: [God] anticipated [this]," he says, "at the first generation of this universe; and lest they should reckon the Sun and Moon [to be the causes of these things] and of every kind of fruit furnished by the earth. And so they themselves were to be led [to understand] that even hereafter [the earth] would bring forth those [fruits] by the celestial Father's decree, as often as it should please [him], not awaiting [the action of] any [created] cause—[the stars having] a power, [yet] not a free one," etc. And this is the cause why the earth first germinated and brought forth the herb.


[Margins: St. Basil; St. Ambrose; St. Chrysostom; Severianus; Procopius.]



This same [point] St. Basil pursued at length and eloquently (homily 5 of the Hexaemeron), and restricts (homily 6) into these few words: "Heaven and earth were created; light, after heaven and earth, was created; night and day were divided; then the firmament was begotten; then the dry land emerged, and the waters flowed together into one determined place. The earth, at last, by [God's] command, was filled with shoots, then adorned with innumerable kinds of herbs, then with the forms of shrubs and trees; and there were not yet Sun nor Moon—lest those who know not God should reckon the Sun [to be] the prince and creator of the earth. Therefore the fourth day came on; and then God said: 'Let there be Luminaries.'" But sweeter than all honey, and even than ambrosia, in this matter are the words of St. Ambrose (bk. 4 Hexaemeron, ch. 1): "...And therefore first the firmament was solidified, and the air, and the [light] was made: look at the earth, which, before the Sun came forth, began to be more vigorous and composed; for behold the shoots [coming] before the Sun's light. [The earth was] prior in [its] things to the Sun, the herb older than the Moon. Do not, then, believe [that] to be God, to which you see the Sun render services and works. Three days have passed; it is the fourth—and were you not yet seeking the Sun? Behold the brightness of the light..."; and in a few [words]: "What, then—is the height of God's wisdom and knowledge absurd, [in] that the trees should begin to be before those two luminaries of the world, and [before] certain celestial eyes of the firmament—lest all should know, by the divine testimony of the reading [of Scripture], that the earth can be fruitful even without the Sun?" Let there be added to that ambrosial mouth—not only for [its] sweet eloquence—the [word] of St. Chrysostom (homily 6 on Genesis), where he teaches why the day [light] preceded the Sun: "lest you ascribe the produce of fruits to the Sun, but [to] God the Maker of all, who said in the beginning, 'Let [the earth] germinate'"; and below: "What we have said about the seeds, [we may say] of the day[light]: one may say that there are three days before the formation of the Sun," etc. Things similar to these Severianus offers (in Lippomanus, in the Catena): "Why did God first adorn the earth before the heaven? On account of the future error concerning many gods—as the Sun, Moon, and Stars." And in his Commentary on Genesis, Procopius (ch. 1): "To plants, herbs, and shoots, the Sun succeeded in the series of creation, lest anyone believe it to be the author of the aforesaid [plants]. So the creation of light far preceded [the Sun], lest anyone perhaps tacitly judge the Sun to be the giver of light; and that thus we might [turn] away [from], and reject, [its] worship. For what reason allows that the Sun be the origin of light, when the creation of light preceded it?"

Question 2

Whether the Sun, with the rest of the stars, was produced on the fourth day as to substance; or whether, [the stars] being produced on the first day, the light was put into [them] as a form, and a power of influencing added, and a proper motion distributed [to each]?

[III.] You see, in the title of the question, the whole variety of opinions on this matter indicated. For the first opinion was that the Sun and stars were created on the first day, with the heaven, as to substance; but [that], on the fourth day, the light was collected and infused into the Sun and stars, and to them a determined power of influencing, and a downward motion proper to each star (toward the East), was attributed—by which they might be signs of the seasons, etc. So teach St. Thomas ([Sentences] bk. 2, dist. 13; and Prima Pars, q. 67, art. 4, and q. 70, art. 1, ad 1), Dionysius the Carthusian (on Genesis, arts. 9 and 12), Aegidius (part 2 Hexaemeron, chs. 5, 6, and 31), Catharinus (on Genesis ch. 1), Vielmus (the same, lect. 20), Augustinus Eugubinus (in the Cosmopoeia), Valentia (disp. 5, q. 3, points 1 and 4), Pererius (bk. 1 on Genesis, p. 49), Suárez (bk. 2 On the Work of the Six Days, ch. 8, from num. 16, and ch. 9), and Tanner (vol. 1 of the Theology, disp. 6, q. 4, dub. 2)—among whom Catharinus and Vielmus think the Sun was produced on the first day, and on the fourth day perfected accidentally, with light, power, and motion; but [that] the Moon and the rest of the stars were produced on the fourth day as to substance (for otherwise they cannot understand the primigenial light to be anything other than the Sun). But Eugubinus, by a voluntary figment indeed, affirms that on the first day the Sun, on the second the Moon, on the third the rest of the Planets, and on the fourth the Fixed stars, were founded.


[Margins: St. Chrysostom; Severianus; Procopius; The 2nd Opinion (i.e. the first listed view) and its Authors.]

[The list continues at the top of p. 227: moreover Pererius says that the light given to the Sun [on the fourth day] was, as it were, its form...]





(printed p. 227): The page reviews opinions on what the luminaries received on the fourth day. Pererius holds the light given to the Sun was as it were an essential form, noting the Hebrew Meoroth and Greek phōstēres, with determined power for influences and proper motion; Suárez teaches the Sun and stars were produced in substance, light, and influence on the first day, receiving only their proper motion on the fourth; Tanner adds a more intense and stable light, since the heavens admit no new generation or condensation.

[IV.] But the aforesaid opinion is, without doubt, to be disapproved by anyone who wishes—as he ought—to understand Sacred Scripture according to the letter, and to state [its] proper consequences (nay, the chief [ones]), such as [the] congruence and admirable order of the divine works. Moreover, the aforesaid opinion has no patrons among the ancient Fathers, but most [of them] opposing [it]. Now the authority of Sacred Scripture, by itself—and much more mixed with the interpretation of the Fathers—ought to move the mind of every prudent man, [so] that he should not understand those [words] as [if the] luminaries and stars [were merely] made anew as to form and figure, and [so that he should] resolve the very slight difficulties offered in the first production of light, and in [its being] outside [its] proper subject, and in the production of the Sun on the fourth day—[difficulties] of measuring the production of these by merely Physical rules, whereas [Scripture made] it manifest to us, by the divine power, in perspicuous words. For with what clearer and simpler words, I ask, could Moses have indicated to us the new production of the Luminaries and stars, their placement in heaven, and then the distribution of [their] office and function, than by those which he used?

And let this be the First Argument: namely, the authority of Sacred Scripture, to be understood according to the letter. The Second will be adduced presently from the Fathers, that the [day-4] opinion may be confirmed. The Third argument is that Sacred Scripture not only said the Luminaries [were] made on that day, but [that they were] placed in the heaven, and [made] to divide night and day, and to be for signs and seasons, etc. Now if they were made on the first day, and only placed [in heaven] on the fourth—[yet were] placed in heaven [already] on the first day—how is it passed over in silence on that [first] day, and ascribed to the fourth? Is this not to give a manifest [occasion] of error to the rude people, for whom they wish Moses to have written? Further, if the first day had the motion of the prime mobile, and by it day was divided from night, why is that office repeated or inculcated on the fourth day? For by the words "and let them divide day and night" is contained, not a proper motion toward the East, but rather the common [diurnal] motion. Fourthly: the proper motion of the planets and of the Fixed [stars] toward the East is very remote from the common notion of the crowd—nay, the proper motion of the Fixed [stars] was not detected except by Hipparchus; nor is it [such] an accident, from them, as is worthy [of] God's assigning a whole day to ordaining [it], if one considers the works of the other days, in which either great bodies of the world were founded or separated, or substances of diverse kinds produced with their accidents—and not a mere motion, or one or another accident. [Consider] that on the fifth and sixth days living things were produced, and not merely their manifold motions. Fifthly: that end pertains [here] which, according to the most weighty Fathers and Doctors, the production of the Luminaries and stars [deferred] to the [fourth] day [had]: namely, that it might appear that the heaven's light, and the plants of the earth, can be and be generated before the Sun and stars [of the fourth day]; and that in this way men might be averted from the divine worship of the Sun, Moon, and Stars—by [God's] exhibiting the host of heaven; about which end we have already spoken in the preceding question.


[Margins: 1st and 2nd Argument; 3rd Argument; 4th Argument; 5th Argument.]



And so, among the interpreters, I cannot, in the first place, dismiss [the case of] Steuchus, or Eugubinus, who wishes to attribute to [the text] what Scripture does not [say]; for under his own name, in the Cosmopoeia: "The Sun, conglobed and kindled, did the rest of the works: he himself made the Sun"; or, "he himself made the air; made the bare [places], and drained the earth, and created the shrubs and animals." Is this to deter men from worshipping the Sun? But how gratuitously, and from his own free wit (not from the light of the divine letters), does he feign that on the first day the Sun [was made], [on the second] the Moon, [and] the lesser Planets, [and] on the fourth the Stars founded? For in [this] matter he errs more than Catharinus and Vielmus, who concede that the Moon and all the Stars (the Sun excepted) were founded on the fourth day. Moreover, that all the Luminaries were produced by God on the same day, as things of the same order, teach St. Athanasius (sermon 3 Against the Arians)—and St. Athanasius, in [a certain] passage, declares that the Sun and all [the stars] had their rise and origin [together], although among themselves they differ, one from another, in glory; for it did not appear, from the stars or from the nature of the great luminary, that this [was] prior and that posterior in the nature of things, but [God] made [them at once]. In like manner Theodoret, expounding that verse of Psalm 71[:17], "Before the Sun his name continueth," disputes thus: "The particle 'Before' declares [the name] to be before the Sun and all [created things]; for [it does] not [mean] that [its] nature is older than [the Sun] itself, but [that] the generation [is before the Sun]... [Moses] placed the Sun and Moon [together]; for the Sun and Moon are of the same time, [since] they were made at the same time. For God said, 'Let there be Luminaries in the firmament of heaven,' and God made two great Luminaries."


[Margins: St. Athanasius; Theodoret.]



[V.] Therefore let [this] be the second—and, with me, altogether certain—conclusion: that God, on the fourth day, made the Luminaries and Stars anew, whether by producing them from some matter (for whatever could be made from nothing and by creation, we have already taught was created on the first day, ch. 1, num. 7), or by a condensation of the parts of the heaven, as some wish. For even if the second mode does not include a new production of substance, nor by it occurs a generation taken physically, yet—regarding God here as the supreme Artificer—a certain new artifact is posited [as] made, which is, as it were, [an instance] of substantial production (so that the formation of a statue is adduced by Aristotle as an example of substantial generation, by which something is said to be made from a simple [thing], not such [as] when something accidental is added). And therefore, for this opinion, we adduce also those Authors who [hold] that the stars were made from the heaven by a mere condensation and configuration of [its] parts. And this is the opinion of Ascanius Martinengus (in the Glossa Magna, p. 67), who calls it "a quasi-ecumenical definition"; likewise [the author] On the Work of the Six Days (disp. 15), [and] Salianus (in the Annals of the Old Testament, at the fourth day of the World).


[Margin: The 5th [Opinion / Conclusion].]



And it is proved. First, from Sacred Scripture taken in the plain and literal sense, which, on this fourth day, signifies—in the same way, by the word "Let there be" and "He made"—the production of the Luminaries and stars, just as on the first day it had signified the production of Light; and then expresses the place in which they were produced and placed; and finally the common offices of the stars. And it can be understood, without any repugnance or inconvenience, [to have been done] by a new production as to substance; nay, [Scripture] clearly and perspicuously separates the works of this day from those of the other days; but it also displays a most fitting disposition of divine providence. For what is more congruous than that God should found no mixed or organized body before he had fabricated the universal and greater bodies, and perpetually distinguished and separated them by fixed limits and regions (which was done in the first three days, as is established from what has been said); then, beginning from the vegetative grade, should produce plants and herbs; thence make [his] step to those [things] which require a power of local motion—whether intrinsic or extrinsic—such as the stars [are]; afterward, proceeding to the grade of sense, on the fifth day should produce the water- and air-living animals (which are the adornments of the two elements nearer the heaven, and move by oar [fin] or wing); and, finally, on the sixth day, should render the earth inhabited—first by brute animals, then by rational [ones]?


[Margin: 1st Proof, from Scripture.]



Secondly, it is proved by Authority: for rightly Martinengus says: "This opinion has the more powerful assertors, and [those] more excellent in number and authority. This [opinion] is the better fortified by antiquity, since—nearly twelve hundred years before the others—it grew up in the Church, received by the common suffrages of the Fathers."


[Margin: 2nd Proof, from the Fathers.]

[The proof continues at the top of p. 228: the Church assents in the hymn (Caeli Deus sanctissime)—"who, on the fourth day, constituting the flaming wheel of the Sun, [appointing] the Moon to minister to the order, and the wandering courses of the stars"—and Tertullian's verse: "The fourth day generates the Sun, with the lamp of the Moon..."]





(printed p. 228): The page begins the confirmation of the foregoing doctrine from authority, noting in the first place that the Church assents in the hymn Caeli Deus sanctissime.


"[O thou] who, on the fourth day, constituting the flaming wheel of the Sun, [didst appoint] the Moon to minister to the order, and the wandering courses of the stars."



We have also that verse of Tertullian:


"The fourth day generates the Sun, with the lamp of the Moon, and [makes] the stars to revolve, that the human [race] might wonder."



St. Basil (homily 6 Hexaemeron): "For then"—that is, on the first day—"the very nature of light was produced; but now the body of the Sun is founded, that it might be a vehicle for that first-begotten light." Always supporting [this], the same St. Ambrose (bk. 4 Hexaemeron, ch. 1), where, beginning the explanation of the works of the fourth day, says: "For us, in the [scriptural] reading, the Sun must [now] rise, which before was not. Yet we passed the first day without the Sun; and we completed the second day, and the third, without the Sun"; nor [until now did Scripture place] among the Luminaries the Sun, Moon, and Stars. So, in homily 6 on Genesis, St. Chrysostom—after the earth was adorned with herbs on the third day—teaches that on the fourth day the heaven was adorned, especially by the formation of the two great luminaries (the Sun and Moon, as he says); and he adds: "For this [reason] he made the Sun on the fourth day, lest [men make] it the author of the first days," etc. Most briefly Severianus: "After the earth germinated, then God made the Sun and Moon." Nor in any other sense Procopius (ch. 1 on Genesis): "First, light was brought into the midst; then at last the receptacle of light was founded"; and he compares the light of the Sun with fire, etc. Now I have put these five Fathers first, because, with Philo, they teach the earth [was] adorned on the third day [and] the production of the Sun [deferred] to the fourth—lest [the Sun] be thought the first author of [the day] and of the Plants, as I have already related (ch. 1 of this [book]).


[Margins: 2nd Proof, from the Fathers; Tertullian; St. Basil; St. Ambrose; St. Chrysostom; Severianus; Procopius; St. Nazianzen.]



St. Gregory Nazianzen (in [his] oration on the Lord's Sunday) says that the first light was founded by God "not through any instrument or star, and without the Sun"; and a little after, in verse: "Beautiful [it is] that [it was made] incorporeally and without the Sun, from the first"; because a little after, on the fourth day, [it was] a great and admirable [work]... in the [first] bringing-forth of things, [God] introduced the Sun with [its] sphere, and the Moon, and [their] matter too; namely the heaven, on the fourth day, bringing in and founding the Sun. Wherefore, for the Sun's sake, he made the stars on this day, and introduced the matter too; and the Sun's form is light—and Nazianzen thinks [it was made] by God [on day 4]. Pererius [holds it] made on the first day, at least as to species. St. Augustine (bk. 1 On Genesis against the Manichees, ch. 14), to those asking how the stars (that is, the Sun, Moon, and stars) were made on the fourth day, and how the three prior days could have been without the Sun, satisfies [them] thus: "To whom we answer that it could have come about that the three earlier days were each reckoned by as great a space of time as the space in which the Sun goes round—[the space] in which, proceeding from the East, it returns again to the East. For men could perceive this space and length of time, even if they dwelt in caves, where now they could not see the setting Sun; and so [they] could perceive that space of a day even without the Sun, before the Sun was made." (How much more aptly would he have answered the Manichees, if he had thought the Sun made, as to substance, on the first day, and to have had the motion of the prime mobile! But [as it is], Eucherius subscribes [to Augustine], bk. 1, ch. 5.)


[Margin: St. Augustine.]



Because the matter is [so well established], and undoubted among the ancient Fathers, there is no need for me to recount [them] one by one; if anyone wishes their words, you will have [them], as in Martinengus (Glossa Magna, pp. 819–873), or in Salianus (from the fourth day of the world)—let it suffice to have indicated the places. Yet there may be seen: St. Damascene (bk. 2 On the Faith, ch. 7), who calls the Luminaries "receptacles of light"; St. Athanasius (q. 74); St. Nyssen (book On the History of the Six Days); Theodoret (Questions on Genesis, and on Psalm 148); Anastasius Sinaita (book on Genesis); Apollinaris (in Steuchus); Didymus (in the Catena of Lippomanus); St. Bonaventure (Sent. 2, dist. 14)—who [calls] the opinion about the Sun a "marvelous work of the Most High"; Burgensis (in [his] Additions); Hugh of St.-Victor (in [his] Annotations on Genesis, ch. 6, and bk. 1 On the Sacraments, ch. 6); the Master (Sent. 2, dist. 13); Comestor (ch. 6 of the Scholastic History); Lyranus (in postils); Tostatus (on Genesis); and almost all the rest, up to the thirteenth century.

Question 3

In what way were the Luminaries and stars produced on the fourth day? Whether by Creation from nothing, or by Condensation and Rarefaction; or by generation, through the production of a substantial form?

[VI.] The first opinion was that of Burgensis (in his Additions on Genesis), who reckoned that the primigenial luminaries [were] produced in a miraculous and supernatural way; then, natural provision being made, [that] on the fourth day the Luminaries and stars were created from nothing—because God said "Let there be luminaries," as he had said "Let there be light"; nor did he say "let the heaven condense luminaries," or "let a luminous cloud produce the Sun," as he said "let the waters produce" and "let the earth germinate," etc.—to indicate to us that no subject concurred in their production; and [that] on that day the primigenial light was utterly extinguished, just as Joshua 5[:12] says, "the manna failed, after they ate of the fruits of the land"—so that extraordinary light failed when the stars and the ordinary sources of light were created. To this opinion Suárez was about to subscribe (bk. 2 On the Work of the Six Days, ch. 8, nums. 1 and 2), thinking the Sun produced on the fourth day as to substance; because, he says, since the luminaries and stars are incorruptible bodies, they cannot fittingly be produced [otherwise] than by creation from nothing. Yet he says this opinion [is held] among grave assertors (he names none), and that it is to be disapproved. [I answer:] the [things] which God produced by [a] proper creation, he created all at once from the beginning, as is the received opinion of the Theologians, and we have already taught (ch. 1, num. 7). It does not follow, however, that if the stars are incorruptible from within, they require to be created from nothing; for they can consist of matter and form such that there is in them no matter that demands [another] form, and [such that there is] no natural agent which could either introduce contrary dispositions and harass [them] with corruptive alteration—and so [they may] be incorruptible, and yet be produced from pre-existing matter. But I add also that Moses did not say "created," but [that] God said "let there be"—which is always [said] imperatively to some [thing]; or at least [some subject] concurred, in the genus of material cause, to sustain [the work] for that production; and so [God] drew out the first light, too, from the potency of a diaphanous body, and did not create [it] from nothing, as Burgensis supposes. But to the earth and the waters he said "germinate," "let them produce," etc.—because he willed that, to the production of those mixed [bodies], they should concur not only as material or sustaining causes, but also as an efficient, instrumental cause, through the remote dispositions of the primary qualities which they already had, and so [as] proximate [causes] of the secondary qualities, or of the proper temperament of each mixed [body], which he [God] put into them.


[Margins: Question 3; 1st Opinion: that the light was created from nothing.]



[VII.] The second opinion is that the Sun and the rest of the stars were made from the same matter from which the sidereal heaven [was] founded, but by mere condensation or rarefaction; which opinion Molina mentions (On the Work of the Six Days, disp. 15) and Suárez (bk. 2, ch. 8, num. 5), no author being named; and they suppose [it] follows from this opinion that the Luminaries and stars do not differ among themselves as to substance, but only by the multitude of matter (which makes density) or the paucity (which makes rarity). But to this opinion seem to be reduced those who said the Sun and stars were made from that primigenial light, collected into these bodies (or globes of the stars) and distributed into them; for I do not grant that they received the light alone in a single globe or subject. Among whom were Gregory of Nyssa, Didymus, Apollinaris, Athanasius, Aegidius, Albertus Magnus, and some others (named at the end of num. 5); among whom singular is Procopius (in the History), where it is thus said: he says that the stars were made by the collection and heaping-together of light or fire—yet so that some [parts] were already, before, thicker and of a different nature [than others]; and that all those particles which were of a nature more than solar coalesced to constitute the Sun, and [those] of a lunar [nature] to [constitute] the Moon, and so of the rest. Moreover Albertus Magnus (part 1, q. 4, art. 21) and St. Bonaventure (Sent. 2, dist. 14)...


[Margin: 2nd Opinion: on condensation and rarefaction.]

[The sentence is completed at the top of p. 229: ...[Albertus and Bonaventure], according to the mind of Aristotle, teach that the stars were made by a condensation of the heaven; and Aegidius (Hexaemeron, part 2, ch. 31) feigns a threefold condensation of light. P. 229 then raises the difficulty that, had the light been condensed into the stars with its whole subject, the entire celestial matter would have passed into the stars, requiring the sidereal heaven to be produced anew.]





(printed p. 229): The page reports that Albertus Magnus and Bonaventure, following Aristotle, teach the stars were made by condensation of the heaven, and that Aegidius feigns a threefold condensation of light culminating in the body of the Sun. Riccioli objects that such condensation would draw all celestial matter into the stars, leaving a vacuum and requiring the sidereal heaven to be produced anew, and that Scripture instead says the stars were placed in the firmament already made on the first and second days.

From another [side], however, Suárez refutes this opinion, because he thinks the celestial bodies are incorruptible—nay, that in this first production they ought to have been optimally disposed, and connaturally to demand the whole perfection of their substance; and so that [so] great a condensation or rarefaction would not be found except in corruptible [bodies], since such changes, and corruption and generation, are ordained by [their] nature. But [Suárez] proves this by no valid arguments, and seems not to acknowledge any other natural condensation and rarefaction than that which is made by the force of heat and cold; and then [seems to think] that what the Author of nature made in the beginning [is to be] judged by the same law as those things which now are made by other natural agents. To me, however, this opinion does not please, on a twofold other ground. First, because the perfection of the Sun, Moon, and Stars—bodies so noble, and so [endowed] by their nature with power for influencing into so various sublunary mixed [bodies]—seems to require [a nature] such that at least the Planets have a substantial form, mixed [and] diverse from the heaven, containing virtually the lower mixed [bodies]; and although one might gather the whole [light] of the Sun into that whole globe, never from that would one Sun be constituted. Secondly, because if anyone had been present at the production of the stars on the fourth day, he would have had all those indications of a new substance produced which we now have when we see some substantial compound produced—namely, figure, colour, light, and active powers, and indeed with such great constancy, persevering together up to this day. And therefore Scripture is to be understood in [its] plain and simple sense, of the stars [as] simply made as to substance.

[VIII.] The third, and true, opinion, therefore, is that the Sun and the rest of the Stars were produced on the fourth day as to substance—not from nothing, but from some matter (of which presently)—so that they received a proper, distinct, and specific substantial form. [So hold] those who maintain that the Luminaries and stars [were] produced from air, or from a luminous cloud, or from water, or from fire (of which it must be said in the following question); and this mode of production Molina maintains (On the Work of the Six Days, disp. 15), Salianus (at the fourth day of the world), and, before these, Hugh of St.-Victor (ch. 6 on Genesis): on the light made... [asking] whether the form of the Sun was first made from a luminous cloud of light, in the way that water was made into wine at the wedding of Cana; Lyranus (in postils, in the second exposition), saying: "Here is described the work of the fourth day; and it is understood that here the Luminaries are made as to [their] specific substantial forms"; and Tostatus (the Abulensis) on Genesis: "But it is believed the Sun was made from that matter," etc. It remains that we now approach—from the Fathers and Doctors of the Church—from what matter the Luminaries and stars were produced on the fourth day.


[Margin: 3rd Opinion: on a special substantial generation.]



Question 4

From what Matter were the Luminaries and stars made (or produced) on the fourth day of the World? From a quintessence, or from Elemental matter?

[IX.] The first opinion is that all the Stars and Luminaries were made from the celestial body itself, or from the matter of the heavens condensed and intensified—but so that the celestial body is simple, and not consisting of base elements: so thinks Albertus Magnus (part 1 of the Summa, On the Four Coeval Things, q. 4, art. 21)—which was Aristotle's opinion, and (as they judge) the Peripatetics'. And therefore St. Bonaventure (on Albertus M., dist. 14, in [his] Commentaries) said, from that opinion: "It can [be held], according to the Philosophers, that the luminaries were produced from [the matter] of the heavens, or [from] the aggregation of [their] light, or of their orbs"—for just as scattered members would be gathered into one... [and] the greater luminary [is] greater according as it is a greater aggregation of light. The Peripatetics may be seen (bk. 2 On the Heaven, ch. 9, or from text 41).


[Margins: Question 4; 1st Opinion: on the simple matter of the heaven.]



[X.] The second opinion was that the Sun and stars are clods or stones, as it were snatched up and kindled: so thinks Anaxagoras (as Theodoret reports, and Plutarch, bk. 2 On the Opinions of the Philosophers, ch. 13). Thales too said the stars [are bodies], but ignited. Anaxagoras [said] the aether is carried round, [being] fire of its own essence, but by its force of whirling snatching up rocks from the earth and kindling them, by its fire, into stars. Diogenes [said] the stars [are] pumice-like—the breathing-holes, as it were, of the world—and that immovable stones often slip down from heaven and are extinguished, just as [a meteorite,] a stone most like fire, fell down. But add [that] Theodoret [reports] Anaxagoras [was] accused by Cleon for having said that the Sun is a glowing metal plate—[and was condemned] by the Athenians. Moreover, from the same Theodoret, [and] Plutarch (bk. 2 On the Opinions, ch. 20): Anaxagoras, Democritus, and Metrodorus said the Sun [is] iron, or glowing fire, or a fiery rock; and Xenocrates [said it is] a burning little clod, welded [like iron], [moving] within burnt-out channels. So in Euripides, Anaxagoras called the Sun "a golden clod"; so too Euripides, in the tragedy Phaethon, called the Sun "a golden clod." To [these] doctors, I believe, Seneca speaks (bk. 7 Natural Questions, ch. 1), when he says: "Nothing [is] more magnificent... [than the doctrine of the stars]... [the Sun is] a contracted flame"—which sight almost affirms—"and [that] the light flows from them, and heat is sent into the subject... and great men there were who believed [the stars to be] air in [its] concretion, feeding on alien fire." But [Seneca] sharply rebukes these here, and condemns such authors to eternal fires (in the book On Dreams); for he says: "What [of] those [stars] themselves? Are they not fiery, and fiery vapours?"... [as] the Doctors of the Church [hold the contrary].


[Margins: 2nd Opinion: the stars [are] clods or stones; Thales, Anaxagoras; Diogenes; Euripides.]



[XI.] The third opinion is that the Sun and stars are from the matter of the elements and of vapours—and so, partly watery, partly aerial. The Stoics judged the stars to be fiery, and to be fed by vapours. So Pliny (bk. 2, ch. 9), especially of the Moon: "The stars [are], without doubt, [nourished] by an earthy moisture," etc.; ... [and] that the spots of the Moon are nothing other than [bits] of earth snatched up with moisture, since they consist of these and are nourished by them. But in Plutarch (bk. 2 On the Opinions, ch. 13): Xenophanes [held] the stars [to be] concreted from ignited clouds, extinguished at intervals; at night glowing again like coals; at [their] rising and setting, kindled and extinguished. The same [view] Clitius[?], in Laertius (bk. 2), [reports] of the Sun too, [made] from clouds—considering [the clouds] the nourishment of the stars. Peter Comestor (ch. 6 of the Scholastic History) says: "Of that luminous cloud it is handed down that either it returned into the matter from which it had been made; or [became] the star which appeared to the Magi, and was burned up, in which the Holy Spirit was seen; or that from it the solar body was made." Similarly Tostatus on Genesis: "Whence it is believed the Sun was made from a luminous cloud," etc. Moreover Hugh of St.-Victor (in his Annotations on Genesis, ch. 6): "But the stars, like the Moon, were made from aerial matter; and so they shine back [reflect], they do not [themselves] shine—that is, not by a proper light, but by [a light] received from the Sun, as a luminous cloud is [lit]." But more safely Steuchus (in the Cosmopoeia): "This is most true, and is asserted by the weightiest Theologians too: that by the same reasoning [the luminaries] were brought forth from the waters, as also the earth [was]—the substance, and the heaven itself, and the celestial exhalations. For we see water changed into air, into clouds, into vaporous and fiery torches. And so it must be thought that this was done at that same time, when the wisdom and mind of God was borne over the waters, and drew out of these the purer substances—the Sun first, whose laborious magnitude and beauty surpasses all things celestial and terrestrial. Agitating, therefore, and shaking the waters created by himself, he separated [them], and kindled fire, and [made] the purest lights, as it were [the lights] of mirrors and of clouds," etc.; and he adds: "Flame is nothing other than kindled air."


[Margins: 3rd Opinion: the stars from water, or vapours, and its Authors: Pliny; Anaxagoras, Zeno; Comestor; Tostatus, Hugh of St.-Victor; Steuchus, Eugubinus.]

[¶XII begins at the top of p. 230: "The fourth opinion—and the most famous—was that the Sun and [stars]..."]





(printed p. 230)

[XII.] The fourth opinion—and the most famous—was that the Sun and all the rest of the stars are fiery, and produced from fire, [and] consist of a fiery form; which, among the more recent [authors], Apollinaris thinks (as [reported by] Martinengus, Glossa Magna, p. 87); [it is] taken up in the Cosmopoeia; Salianus (in the Ecclesiastical Annals, at the fourth day of the world); Christopher Scheiner (in his Rosa Ursina, bk. 4, part 2, ch. 17); Bullialdus (book On Astronomy, ch. 2); Franciscus Resta (tract 3, n. 4, On Astrology, ch. 10); Tellez (disp. 44 Physics, sect. 3, num. 14). So the Sun, indeed, [is fiery]—[though] the stars can consist of other elements. Of old, Empedocles [said the stars are] fiery, and consist of fire, and [are] called "fire," as Plutarch relates (bk. 2 On the Opinions, ch. 13). And Zeno, with the Stoics—to whom Cicero joined himself in this (bk. 2 On the Nature of the Gods, and the book On the Dream of Scipio). [So] testifies Trismegistus (in the Pimander, ch. 1); and Hermes [said the stars are] fire; and Sceuosthenes (in Hermes), Xenarchus (in Steuchus, and in Cyril, bk. 2 Against Julian), and Seneca (bk. 1 On the Heaven, and bk. 7 Natural Questions, q. 5); and the German interpreter of Aratus, saying: "The Sun is made from fire, both within and without; and by the excessive motion of its revolution it grows hotter—whose chief sign [is that] the Philosophers [hold that it] feeds on water"; and Manilius (bk. 1): "By fire he designates the kinds, and fires answer to fire," etc. Plato too seems, for the most part, to partake of fire (though also from the requirement of the other elements, as [in] ch. 7)—be it that Aristotle disputes against him (bk. 2 On the Heaven, ch. 7). Certainly the sacred letters favour this opinion; for Ecclesiasticus 43 likens [the Sun] to a furnace of heat: "The Sun, in [its] aspect announcing at its going-forth, a wonderful vessel, the work of the Most High: at noon it burns the earth, and who can endure in the sight of its heat? Keeping [watch] in the furnace, in the works of [its] heat, the Sun burns the mountains, breathing out fiery rays, and, shining with its rays, it blinds the eyes." As to what pertains to the letter, [this means] that the Sun is a certain hot furnace, and so [is] hot formally.


[Margins: 4th Opinion: the stars are fiery; Empedocles, Zeno, Cicero, Trismegistus, Hermes, Xenarchus, Seneca, etc.]



So too the Church, in the evening hymn of the fourth feria [Wednesday]: "[O thou] who, on the fourth day, [constituting] the flaming [wheel of the Sun]... while thou kindlest the wheel of the Sun"—unless you think this said poetically. So Junilius, in the prologue of the first book of [his] history, sang: "Nothing immortal is held in the frame of the World—not the sea, not the earth, not the fiery stars of heaven"; and (bk. 3) he calls the Sun "fiery-haired" (Igneicoma); and Proba Falconia, in [her] Centos: "For neither were there [yet] the fires of the stars, nor the bright aether"; and Dracontius (bk. 1 Hexaemeron): "Soon he bids the globe of the Sun shine with saving fire; from whose fire he bids the Moon [shine] second." But certainly not poetically, but properly, the holy Fathers seem to have spoken. Of whom the most ancient [is] Philo (two [books] On Dreams): ... but [some], who say the Moon is not a globe by itself, [like] the other aetherial stars, but mixed of aether and air—[hold] that the spot appearing in it (which some call the "face") is nothing other than an aerial admixture, which by its own nature [tends] black [and] rises toward the heaven. St. Justin (in the book On the Refutation of Aristotle) teaches that the Sun cannot [heat] unless it be itself hot. Tertullian (book On the Soul): that the Sun is borne [/looked upon] by the eyes of the eagle, [whereas] by the owls [it is not]—not because [the Sun] is incorporeal, but because [the eagle's] visual power [is strong]; and he adds: "For the Sun [is] a body, since [it is] fire; what the eagle would affirm, the owl would deny." St. Basil notes (homily 3 Hexaemeron): "Although," he says, "[some] concede the Sun to be a globe... so great is their superfluity of leisure for ravings and old wives' trifles," etc. To whom subscribes St. Ambrose (bk. 4 Hexaemeron, ch. 3): "Frequently we see the Sun [diminished]"—in which he gives an evident indication that it lacks [something], and takes to itself the nourishment of waters for its tempering; "but there is in them [the philosophers] a zeal for impugning the truth, in that they deny that the very light is of a hot nature," etc.


[Margins: Philo; St. Justin; Tertullian; St. Basil; St. Ambrose.]



[And so the Sun is made in one place and another, etc.] To [this] is added St. Cyril of Jerusalem (Catechesis 9): "[There are] waters and heaven and fires in the Sun—the Sun and stars... how do the fiery [things] run in water?" [i.e., how can the fiery stars run through the watery heaven?]. St. Cyril of Alexandria (Against Julian, from the opinion of Hermes): Hermes, in the Diexodica, first said: "The Lord of all, by [his] mind [and] word, made the Sun... and the power of creating: 'Let there be the Sun'; and at once the fire appeared, which by nature is borne upward," etc. St. Gregory of Nyssa [in the Hexaemeron]. To these add Caesarius (qq. 68 & 69), who says: the Firmament is crystal; [but] the Sun, Moon, and the rest [have] a certain... and fiery nature. St. Chrysostom (homily 3...), and (the book On Nature): "For [the Sun] not only heats, but also dries; and not only dries, but also [draws up] the waters." St. Augustine (in the appendix to sermon 59): "The Sun is hot and glowing." [So too] Arnobius (bk. 3), [and] Lactantius (bk. 1, ch. 6); and, inveighing against the heathen who worship the stars, Lactantius (bk. 3, ch. 6): "Now how repugnant and absurd it is, that, when they affirm the celestial fires and the other elements of the world to be gods, they likewise call the World itself God!"


[Margins: St. Cyril of Jerusalem; St. Cyril of Alexandria, Hermes; St. Nyssen; Caesarius; St. Chrysostom; St. Augustine; Arnobius; Lactantius.]



Of the same opinion Anastasius Sinaita sufficiently shows himself to have been (bk. 6 Commentary on the Hexaemeron), in those words: [God], "who had created the heaven from the waters, [so] that he set the firmament above the waters... [the waters] to guard the firmament, even [against] the fiery [Sun]." And Theodoret—most learned in the Greek opinions—when (in the book On Matter and the World) he had narrated the Philosophers' opinion of the fiery nature of the stars, afterward (bk. 11 On Providence) says: "For this cause, then—since so great a fire is rolled about this [region], namely the Firmament: the Sun first, and the Moon, and [the fires] of the other stars—yet, by the [tempering of the waters], it [the firmament] is not melted, nor dried up, nor do they burn it up. For by fire," as he goes on, "many metals are melted, and stones are calcined, as wood and stone are burnt; but none of these [happens] to it by nature, nor does what appears glacial in it melt or run, although so great a quantity of fire is present to it"—as [in] Psalm 148: "Among the waters of the Firmament, in the cloud[y heaven], he bade the immense fire of the luminaries run; but water is adverse to fire; [the waters] came, therefore, lest by [their] immense heat they should mutually destroy [one another]." Entirely subscribing [to this] is Procopius (ch. 1 on Genesis), having said: "The Sun, Moon, [and] Stars, whose substance is ignited—lest the congealed heaven be dissolved, [God placed them] as a fiery drop in the upper region of the heaven; and that they are luminaries is proved by the ardour of [their] fire." By reason, Alcuin (in the Questions on Genesis) and Bede (book On the Nature of Things, chs. 8 and 9), to the question of what nature the heaven and stars are, answer: "a fiery and thin nature"; and St. Anselm of Canterbury (bk. 1 On the Image of the World, ch. 23) says: "The Sun [is] spherical in form, fiery in nature, [with] immovable [light], surpassing the earth eighty times [octuagies]; the Moon is a globular body, of a watery nature"; and St. Isidore (bk. 3 Etymologies, ch. 48): "The Sun, when it grows fiery..."


[Margins: Anastasius; Theodoret; Procopius; Alcuin, Bede, St. Anselm; St. Isidore.]

[The sentence is completed at the top of p. 231: "...by the excessive motion of its revolution grows hotter"; and Blessed Peter Damian (sermon 1 On the Epiphany): "For the star is of a fiery nature." P. 231 then notes the Master's claim that even St. Augustine consents to the "fiery" view, and (per Aquinas, Bonaventure, Tanner) that Augustine and many Saints held the celestial bodies made from the elements, or fire, according to Plato.]





(printed p. 231 — The page continues marshalling patristic and scholastic authority — Isidore, Peter Damian, Augustine as cited by the Master of the Sentences, Aquinas, Bonaventure, and Tanner — for the opinion that the stars and luminaries were made from fire. Riccioli declares he cannot dismiss so many ancient masters in favour of recent Peripatetics, arguing that the telescopic discovery of the Sun's faculae, which Scheiner shows must be parts of the Sun and are manifestly flames, would have changed their minds.)


[Margin: The Master.]



This is favoured, in the first place, by the Hebrew name Or (or [the like]), which signifies the Sun and light, as Pagnino teaches (in the Thesaurus of the Holy Tongue, from p. 46); whence, from the word Or, is derived Maor, which signifies "luminary," as is had in Genesis 1, verse 16, and Psalm 74, verse 16. Whence, more probably, the Greeks plucked, as from a root, the name phôs (φῶς)... Or signifies the flame of fire, and not [merely] light, as appears from Isaiah (chs. 1 and 47), and from Genesis 15 [where] it is said, "I led [thee] out of Ur of the Chaldees," that is, "out of the fire of the Chaldees," as Cornelius à Lapide interprets (with others) on Genesis ch. 11. Greatly favouring [this] too is the Hebrew name of the Sun, Chamah, which [signifies] "heat," and Schemes, which signifies "hot [with the] sun" and "bright." That [the Sun] is hot formally, and not only virtually, teach Tellez, Resta, Scheiner, [and] Salianus (above).

Question 5

Why did Moses call the Sun and Moon "the great Luminaries"—the [Sun] "the greater luminary," [and] the [Moon] "the lesser luminary"?

[XIII.] This question is not useless to the Astronomer, since the Copernicans abuse the words of Moses to prove that sacred Scripture, in physical matters, speaks not from the rigour of truth, but to the grasp of the crowd, or as to appearance; and so [they argue] that, when it says the Sun "rises," "moves," etc., it is to be understood [only] as to appearance. "For behold," they say, "the Moon is called 'the greater luminary,' although it does not subtend in the sky more minutes than [the other planets]." [We answer:] We concede that the Moon is in fact of a smaller mass than the other stars, but seems great because of [its] nearness to the earth; yet it deserves the name of a "great Luminary": First, in the character of a Luminary—because it illumines our whole hemisphere conspicuously, and lights [it] more than all the other Fixed [stars] together; for which cause, [these Luminaries] are to be called great, not so much comparatively as absolutely, [as] St. Basil affirmed (Hexaemeron, homily 6), St. Ambrose (bk. 4 Hexaemeron, ch. 6), Junilius (Hexaem.), Procopius (on Genesis), Comestor (ch. 6 of the Scholastic History), and Steuchus (Cosmopoeia)—but especially St. Augustine (bk. 2 On Genesis to the Letter, ch. 6), where he concludes thus: "Certainly let them concede at least this to our eyes—that [the Sun and Moon] manifestly shine upon the earth more than the rest; namely, that [the world] does not grow bright except by the light of the Sun, and [that], though so many Stars appear and shine, when the Moon is absent [the night is dark], just as the presence of it [the Moon] illumines [the night]." And therefore they are called—not [merely] "great bodies," nor "great stars," but, signally, "great Luminaries." Secondly, [the Moon] is great because of [its] greater and more sensible efficacy and power upon the sublunary [things] by [its] nature, as St. Chrysostom [teaches], [and] St. Thomas (Prima Pars, q. 70, art. 1, ad 5) and Vielmus (lect. 21 on Genesis). Thirdly, from [its] consortium and likeness with the Sun—which is absolutely great—the Moon alone seems equal to it [in apparent size]; therefore, if that [Sun is] great, this [Moon] is to be called great relatively to the Sun. Lastly, [the Moon] cannot for this reason be understood [as] great with a real magnitude, comparatively with many Planets and Fixed stars, because [that] is repugnant to the manifest demonstrations of the Astronomers; and so we are compelled to take the word "great" here as to appearance—as teach St. Thomas (Sent. 2, dist. 15, q. 1), the Carthusian (on Genesis, art. 12), Cajetan, and Tostatus (on Genesis ch. 1).


[Margins: Why is the Moon [called] a great Luminary?; St. Chrysostom, St. Thomas, Vielmus; the Carthusian, Cajetan, Tostatus.]



But when sacred Scripture says that the Sun moves, [and that] the Earth stands still—from none of these sayings, taken according to the letter, does any inconvenience or manifest absurdity follow; and therefore [they] ought to be understood not [merely] as to appearance, but according to the truth: that the Sun really moves, and the Earth really does not move. [I am ashamed to relate the fables of the Talmudists, who [hold] that the Moon was from the beginning of a mass equal to the Sun, but was afterward diminished—because it dared to ask of God that the Sun's splendour be diminished; or because a flying Angel touched it by its force and darkened the Moon—as Lyranus (in postils), Tostatus (on Genesis), and the Carthusian (art. 12) relate, and [the author of] the book On the Truth of the Christian Faith (bk. 3).]


[Translator's note: ¶XIII is the heart of Riccioli's reply to the Copernican "accommodation" argument: "great luminary" (of the Moon) must be read as apparent, because a literal reading contradicts astronomy—whereas "the Sun moves / the Earth stands still" entails no absurdity and so is to be taken as literally true.]



[XIV.] But that God called the Sun "the greater Luminary" is, [first], for another reason of magnitude: for the Sun is in fact the greatest of all the stars—nor is the earth larger [than the Sun] only seven times, as Anaximander thought (per Plutarch, bk. 2 On the Opinions, ch. 2, and Theodoret, bk. 4 On Matter and the World)—but [the Sun is] much larger [than the earth], as is clear from what was said (bk. 3, ch. 1). Secondly, inasmuch as [it is] a Luminary—namely, by reason of [its] splendour, which surpasses the ardour of [all] the stars even taken together; whence [it is] called "Sol" by the Latins, because it alone shines (solus lucet), and, the rest of the stars being overwhelmed by its brightness, it alone appears [by day]. Thirdly, because it is the source of light, and so is greater not only than the other planets but also than the Moon—it [shining] of itself, independently, whereas the rest of the Planets receive [their] primary light from the Sun, as we showed (bk. 7, sect. 1). Fourthly, by reason of [its] position—because it is placed in the middle of the Planetary system, in [its] fourth place, [whence] it shines forth. Fifthly, [because it is] the rule of the [planets'] motions, and the moderator of the seasons. Wherefore the Sun is rightly likened by David not only to "a bridegroom coming forth from [his] chamber," but also to "a giant" (Psalm 18[:6]) [running] to run [its] course; and, on account of these [things], it deserved to be called the "greater Luminary."


[Margins: [Why the Sun is called the greater Luminary]; Psalm 18.]



Hence, in its praises—which at last redound to the praise of its Creator—we read those profuse streams of sacred eloquence: Gregory Nazianzen (Oration 1 On Theology, which is the 34th), Basil (homily 6 Hexaemeron), St. Ambrose (bk. 4 Hexaem., ch. 1), Chrysostom (homily on Genesis), Tertullian (bk. 2 Against Marcion), and [also] Macrobius and Pliny (bk. 2, ch. 6); from whom, taken together, the Sun is called: "the eye of the world, the heart of heaven, the gladness of the day, the beauty of nature, the prince of the Planets, the king of the stars, the moderator and norm of the seasons"; and (not without cause, but somewhat unskilfully) by Pliny, "the soul of the whole world"; and more rightly and magnificently, by Ecclesiasticus (ch. 43), "a wonderful vessel, the work of the Most High." That the Poets and Painters attached a four-horse chariot [quadriga] to it—hear St. Chrysostom, who for this reason compares Elijah to the Sun (or the Sun to Elijah), because in Greek [the Sun] is called Helios, as [in the name] Helias [Elijah]; for he says similar things about the ascent of Elijah: "Hence the Poets and painters, in figuring the image of the Sun, took [their] examples [from this]—[the Sun] which, with [its] chariot and shining horses, itself glowing and radiant, and washed by the Ocean, falling among the steep crags of the mountains, seems, as it were, to ascend from the deep, clothed in the likeness of [its] flaming light. For the Sun is called Helios in the Greek tongue; whence [it is] 'truly Helios,' because, with [its] chariot and horses shining with fire, [rising] from the waves of the Ocean—that is, from the commotion of the World—[and going] through the crags of the mountains—that is, advancing through the asperities of great labours—it ascends to the heavenly [heights]." But the names and offices of the four horses of the Sun, from Fulgentius (bk. 1 Etymologies), are [taken] from the four temperatures of the year, or rather from the distinction of the four ancient hours [of the day]: for Erythraeus is called in Greek "reddening," because in the morning the Sun rises ruddy; Acteon (or "shining," and "purged of vapours"), because [it is so] about the third hour; Lampas...


[Margins: The Sun's encomia and [its] eulogists; The Sun's chariot taken from the chariot of Elijah; The horses of the Sun.]

[The four horses are completed at the top of p. 232 (Lampas for midday, Philogeus for the declining day). Chapter IV then closes with Question 6 — the Sun's solstitial/equinoctial placement and whether the Moon was created full or new — before Chapter V begins.]





(printed p. 232 — Conclusion of Chapter IV: the page completes a catalogue of poetic names for the Sun at the successive hours of the day, ending with Lampas, the Sun at noon, and Philogeus, "earth-loving," as it bends downward toward the earth from the sixth toward the ninth hour.)

Question 6

Whether the Sun, on the fourth day, was placed at the Solstitial point of the heaven, or at the Equinoctial—and of which Equinox? And whether the Moon [was created] at the Full, or at the New, Moon?

[XV.] I suppose in this place that, by that word "He placed them in the firmament of heaven," it is not understood that [God] then at last transferred the Luminaries and stars from outside the heaven, and then into the heaven (as, alone of the Fathers that I know, Anastasius Sinaita said, bk. 4 on the Hexaemeron), but that he placed [them] by making, or made [them] by placing, in the heaven itself—as St. Augustine taught (On Genesis, the imperfect [work], ch. 13), Procopius, and Catharinus (on Genesis); and that "he placed" is to be referred not so much to [their] placement as to the end and office for which they were made, and to be joined immediately with that word "that they might shine," etc.

This being supposed: the question—whether the Sun, at the first instant in which it was founded, was at the summer Solstice (as Mercator and Kepler wish), or at the point of the vernal Equinox (as many wish), or rather at the point of the autumnal Equinox—pertains to that controversy, whether the World was created in Spring, in Autumn, or in summertime, which we treat fully (bk. 2 of the Chronology, chs. 4 and 16), to which places we refer the Reader.

As regards the second controversy, about the Moon: Anastasius Sinaita (Commentaries on the Hexaemeron, bk. 4) says: "When God had made the two Luminaries—the great one, namely the Sun—he straightway fixed [it] at the East of the firmament, but the Moon at the West"; from which it follows that the Moon was opposite to the Sun, and full of light. But also [the bishops] of the Palestinian synod (as Bede relates, vol. 2, the little work On the Vernal Equinox)—Theophilus presiding, by the authority of Pope Victor—concluded that the World was made in Spring, on account of that [text] of Genesis 1, "Let the earth bring forth the green herb," and at the Equinox, because those words, "and he divided the light from the darkness," [mean] "he divided the light and the darkness into equal parts"; and [that] on the fourth day of the World there was a Full Moon, because God made each luminary "great"—that is, perfect in that apparent magnitude—and bade the Moon "rule the night," which it could not [do] unless it shone the whole night, and so had full light. And of the same opinion were not only Bede (in the Hexaem., and the book On the Reckoning of Times), but also Procopius (on Genesis ch. 1), St. Damascene (bk. 2 On the Faith, ch. 7), the Abulensis (on Genesis ch. 1), Lyranus (in postils), and St. Thomas, who holds the same probable (Prima Pars, q. 70, art. 1, ad 3). On the contrary, however, [St. Augustine] (bk. 2 On Genesis to the Letter, ch. 15)—though he defines neither absolutely, and affirms that, whether God made the Moon new or full, [he made it] easily perfect—yet inclines toward the New Moon, because [the Moon] ought to have begun at the beginning of its month; otherwise it would have been [made] not at the first, but at the fourteenth [day of the] lunar month, and would have begun to wane when it ought rather to wax.


[Margins: A star made in the heaven, not outside [it]; Whether the Moon [was] created at the Full or at the New Moon?]



But Pererius (bk. 1 on Genesis, p. 93) and Suárez (bk. 2 On the Work of the Six Days, ch. 9, n. 10) touch this question and press neither side. Suárez adds, however, that some, going the middle way, said the Moon was made at quadrature—about the seventh day from [conjunction] with the Sun; but the reason which he straightway adds betrays a slip, and a slip of the pen, in Suárez; for he says: "[The Moon was made] in that disposition which it is wont to have on the first day: which, without rising [until late], [shines] over the night... wherever the Sun sets, and so it can illumine the whole night." [But] the Moon, on the seventh day, is at the Meridian when the Sun sets, and illumines not the whole night, but [only] the half.


[Margins: A slip of Suárez in Astronomy; The Author's opinion.]



But I, if I set aside authority, incline toward the Full Moon; nay, now I see [it confirmed] in other [ways] too. For although God willed that [the Moon] should be at the first time of the vernal month—whose beginning fell on the day of the vernal Equinox, or after, as I taught, with the Fathers and the Catholic Church (bk. 1 of the Chronology, ch. 28)—it is very probable that the beginning of the first month of the World was at the vernal Equinox, and that the Sun was placed either at the beginning [of Aries], or in the fourth degree of Aries—so that, at that beginning, it conjoined with itself the fourteenth Moon (that is, the Full Moon); or that afterward, in the diminution of its light, [the Moon] showed [that it had been] full—being, under this title too, "a Luminary which is diminished in [its] completing" [cf. Ecclus 43:8], that is, when it has reached the highest perfection of light. Whatever [the case], the aspect of the Moon to the Sun at the beginning of the World was such as it was when, by the death of Christ, the World was restored. Now, the revolution of years being made—if we wish the World founded in our autumn, or [reckon] the Sabbatical [years], so that the Full or New Moon fell on the day of the vernal or autumnal Equinox, and [that] the World [was] created in that age which preceded the Christian Epoch by 4000 [years], as we showed (bk. 2 of the Chronology, ch. 15)—there occur to me, from Astronomical calculation, only four years probable for the beginning of the World (on account of the characters of the first syzygy), which it has pleased [me] to exhibit in the following table, in which we have reckoned the years and months in the Julian manner, the weekday being added, on which the Equinox and the new or full Moon fell together:




	Years before the 1st year of Christ (all Sabbatical)
	Syzygy concurring on the Equinox-day
	Day · Hour · Weekday





	4042
	New Moon of October
	23 · 15 · 1



	4049
	Full Moon of October
	26 · 6 · 4



	4056
	Full Moon of April
	19 · 0 · 7



	4063
	New Moon of April
	21 · 14 · 1






[Margin: Concurrence of the Lunar Syzygies on the day of the Equinox, and their time.]

[Here Chapter IV ends. Chapter V follows: "Whether the Heaven is a Simple body, or Composed of Form and Matter different from the elemental—or of the same kind [as the elements]?"]





(The CAPUT V heading and Question 1 with its opening paragraph [I.] stand at the foot of the right-hand column of printed p. 232 / PDF 267; the body of paragraph [I.] runs over onto printed p. 233. The remainder of this file is printed p. 233 / PDF 268.)


Chapter V, Whether the Heaven is a Simple body, or Composed of Form and Matter different from the elemental [matter]—or of the same kind as the elemental [matter]? And if [composed] of this [latter], from which element?

Question 1. On the Simplicity and Composition of the Heaven

[I.] The first opinion was that the whole heaven is a simple body—that is, not composed of matter and form really distinct [from each other]—both because Aristotle seems to have asserted this, and because we have no argument from change by which we might gather that there is in the heaven a matter receptive of contraries, or [receptive] of an alteration tending toward the corruption of one substantial form and the generation of a new form; and because, if that matter existed, it would crave other and ever other forms, and since these are denied [it], that appetite would be in vain, and [the matter] would be forcibly and perpetually deprived of them; finally, because the perfection of the Universe requires that there be in it this grade of substance too—namely, of a fifth essence, and of an altogether simple body—since it cannot be demonstrated that a created corporeal substance which is simple is impossible. So judged Averroes (the book On the Substance of the Orb, ch. 2; and Metaphysics bk. 8, comment 12; and bk. 12, comment 20; and On the Heavens bk. 1, comment 20), Zimara (Theorem 107), Faber (Theorem 59), Antonius Andreas (Metaphysics bk. 8, q. 4), Jandun (ibid., q. 7, and On the Heavens bk. 1, q. 23), Saxonia (on On the Heavens bk. 1, q. 4, art. 1), Cajetan of Thiene (Physics bk. 1, q. 21), Piccolomini (On the Heavens, ch. 106), Achillini (On the Orbs bk. 1, q. 1); and among the Scholastics, on [book] 2 of the Sentences, Durandus and Gabriel [Biel] (dist. 12, q. 1 or 2), Mayronis (dist. 14, q. 2), [John of] Bassolis (q. 1, art. 4); and certainly Aristotle—if he be understood in the plain sense and without forced interpretation—in On the Heavens bk. 1, from text 20 and from text 121, teaches that the heaven is ingenerable and incorruptible, like the Intelligences, because

(printed p. 233 — The page continues the exposition of Aristotle's position that the heaven has no matter: from its simple and circular motion he gathers that it is a simple body, and he treats the question expressly in Metaphysics bk. 12, text 10.)


All things, indeed, that change have matter—but a different [matter]; for of the everlasting things themselves, those which are not generable but movable by locomotion have matter, yet not [matter] fit for generation, but [only] for motion of whence and whither.

[Margin: 2. Opinion—on the composition of the heaven.]



[II.] The second opinion was, and is, that the heaven is composed of Matter and substantial form; for the argument for such composition has seemed to some almost necessary—both because it falls under the senses, and [because] quantity, rarity, and density [are] in a matter that is not [merely] local, and so a physical matter is present; and finally because, besides the philosophers and Fathers who say the heaven consists of one or more elements, [this is] the view of St. Thomas (Prima Pars, q. 66, art. 1 and 2; and On the Heavens bk. 1, lect. 6; and Physics bk. 8, lect. 20—though earlier he seemed to incline toward the prior opinion, in [Sentences] 2, dist. 12, q. 1, art. 1; and Metaphysics bk. 8, ch. 14; and in the Disputed Questions, the question On Spiritual Creatures, art. 6, ad 2), Avempace (in Albert, On the Heavens bk. 1, tract 1, ch. 3), Avicebron (in the book The Fountain of Life), Plotinus (bk. 1, Ennead 2, q. 1), Simplicius (On the Heavens bk. 2, comment 3 and 35), Philoponus (on [propositions] 6 and 13 of Proclus), Avicenna (Sufficientia bk. 1, ch. 2), Niphus (On the Substance of the Orbs, comment 39 and 42), Soncinas (Metaphysics bk. 12, q. 7), Javellus (Metaphysics bk. 8, q. 12), Soto (Physics bk. 2, q. 1), Flandria (Metaphysics bk. 8, q. 7), Paul of Venice (On the Heavens, ch. 1, attributing it to Themistius and Theophrastus), Aegidius [Giles of Rome] (the tract On the Matter of the Heaven), Gianninus (On the Nature of the Heaven, part 1, ch. 21), the Conimbricenses (On the Heavens bk. 1, ch. 2, q. 4), Rubius (ibid., q. 5), Suárez (Disputation 13, Metaphysics), Hurtado (disp. 1, On the Heavens, sect. 1), Morisanus (disp. 2, On the Heavens, dub. 2), Amicus (Tract 4, q. 2, dub. 2), Tanner (On the Heavens, q. 3), Arriaga (disp. 2, Physics, sect. 11, subsect. 2), Oviedo (the single Controversy On the Heavens, point 2); and among the Scholastic Theologians, Capreolus and Ockham (on [Sentences] 2, dist. 12, q. 1), St. Bonaventure (on 2, dist. 12, art. 2, q. 1), Aegidius (on 2, dist. 12), Alensis [Alexander of Hales] (Summa, part 2, q. 44, member 2), Hervaeus (Quodlibet 4, q. 3), Albertus Magnus (Summa, part 1, q. 4, "On the Four Coevals," art. 3), and the Carthusian [Denis the Carthusian] (on 2, dist. 14, q. 1)—[this last] saying that the opposite [view] is erroneous, nay contrary to Aristotle; since they try to draw Aristotle into their own opinion, on the ground that in Metaphysics bk. 8, text 3 and 10, he says that every sensible substance consists of matter; and that in On the Heavens bk. 1, ch. 9, from text 93 to 95, [he says] therefore no other heaven can be given, because this [heaven] which we see consists of [its] whole matter; and again that in Metaphysics bk. 12, text 22, and On Generation bk. 2, text 51, [he says] the principles of all sensible things are the same—matter and form. But in these passages Aristotle takes "matter" for a corporeal and sensible entity which is the subject of sensible accidents, not for a matter really distinct from form, which he is wont to call the matter of Generation. And although in Metaphysics bk. 7, text 5, he seems to say that the heaven and the stars are [made] of elements, yet in truth he does not say this in the Greek text, but [says] that these are substances, like the elements and the mixed [bodies] and all natural bodies.


[Margin: Authors of the 2nd Opinion.]



[III.] The third opinion, then, either holds both of the prior [opinions] probable—as Zerbus (Metaphysics bk. 8, q. 3)—or distinguishes: for Scotus (on [Sentences] 2, dist. 14, q. 1), Aversa (q. 33, sect. 5), and Mastrius and Bellutus (Disputation 2, On the Heavens, q. 2, art. 1) say that, the authority of Aristotle being regarded, the Heaven is not composed of matter and form; but that, the authority of many Theologians and the truth being regarded, it is composed of matter and form. But John Punch, himself a Scotist (Disputation 22, Physics, q. 1), concludes that, if reason be regarded, it is uncertain whether the heaven is simple or composite; but if authority [be regarded], it is more probable that it is composite. I, however, use a threefold distinction; for which let [the following] stand.


[Margin: 3. The problematic, or distinguishing, Opinion.]



First Conclusion


[Margin: 1. Conclusion.]



The visible Heaven, if the authority of Aristotle be regarded, is a Simple body—that is, [a body] having matter, but [matter] not really distinct from [its] substantial form. This is sufficiently established from the passages of Aristotle adduced at the end of numbers 1 and 2.

Second Conclusion


[Margin: 2. Conclusion.]



The visible Heaven—whether the authority be regarded, both of many ancient and more recent Philosophers and of many Fathers, Doctors of the Church, and Theologians resting upon Sacred Scripture; or [whether] the more probable reasoning [be regarded]—is not simple, but consists of matter and form really distinct between themselves.

For [the view] that the heaven consists of, or is generated from the matter of, one or more elements, almost all the Philosophers before Aristotle held—as will be clear from what is to be said in the following chapter. And very many of the Fathers affirmed that the heaven—either as a whole, or indefinitely, or at least the Eighth sphere—was made of elemental water solidified in the manner of ice or crystal; and that, moreover, above the heaven there is a watery heaven consisting of true and elemental water—[authorities] whom I have already cited to this end at length in ch. 2, q. 1 and 3, where we also showed that this is highly consonant with Sacred Scripture understood to the letter (as indeed it must be understood, since from this no inconvenience follows). Not a few, too, affirm that the starry heaven is Fiery—nay, that it is the fourth element itself, fire; whom I adduced both in ch. 1, q. 4, and in ch. 3, Conclusion 4, argument 5. Very many, finally, assert that the Planets and the other stars are either fiery, or [made] of earth, or of fiery vapors—whom I reviewed in ch. 4, q. 4, from number 10. But to say that they speak metaphorically, or analogically, or because the stars are hot only virtually, not formally, is not to take their meaning in its plain and obvious [sense]; nay, it contradicts the reasonings of several of them, who, in order to temper the heat of the stars, supposed that waters are preserved in the heaven and above the heaven. And a distinction of this kind [between virtual and formal heat] does not arise except from a presumed opinion of the simplicity of the heaven, whether on account of the authority of Aristotle, or on account of the reasons indicated under number 1 and to be dissolved presently. Wherefore the prior part of the conclusion remains sufficiently proved.

The latter part of the conclusion is proved: First, from the new Stars, and from certain bearded or hairy [cometary] stars, some of which we showed probably to have been in the heaven—that is, above the Moon—(bk. 8, in the Conclusions of the chapters), and indeed generated in that manner in which the spots and faculae of the Sun are wont to be generated (according to what was said in bk. 3, ch. 4). > [Margin: 1. Argument for the affirmative side.] Secondly: Because either the grades of beings are not to be multiplied without grave necessity and solid foundation—and this [positing of a simple celestial substance] is a greater multiplication than [the positing] of two really distinct entities within the order of composite being—or, if they are to be multiplied, and if for the perfecting of the Universe a simple substance is required, it suffices that the Empyrean Heaven be of this kind, which is invisible to us; nor is it necessary that every heaven, or any [heaven] among the visible ones, be such. > [Margin: 2. Argument.] Thirdly: Although sensible Quantity, rarity, density, opacity, diaphaneity, light, color, and the other accidents of this kind are not necessary indications of composition from corporeal matter and form, yet so long as the simplicity [of the heaven] is not established for us from elsewhere, they are rather indications of such matter and composition—on account of the kinship which they have with the other sensible accidents that accompany such composition, nay, [the kinship they have] with themselves taken specifically, and [considered] in so many elements and mixed [bodies] together—by reason of which presumption and possession stand for composition and for corporeal Matter and Form. > [Margin: 3. Argument.] Nor, for this to be a probable indication, is a substantial transmutation physically evident required; otherwise it would now be not merely a probable, but an evident, argument of composition. And those who think the heaven consists of elemental matter, or of some element, will say that a sufficient indication of this change is had in that part of that element which is near the earth, and that it is not necessary that such changes occur in every part of it; for neither—if there is some part of earth, or of air, never transmuted substantially since the beginning of the world—is it on that account to be called simple. And thus is dissolved one of the reasons wont to be adduced for the first opinion. > [Margin: Solution of the objections.] For the reason which is drawn from the incorruptibility of the heaven will be dissolved from what is to be said in ch. 6. But as to what concerns the appetite for other forms—which seems to be a property following from matter in the fourth mode, since otherwise, if [matter] craved only one form, it would not seem to have potentiality and indifference toward several—it can be answered that such an appetite is not in [matter] except on the supposition that it be despoiled of its former form, and that there be an agent which intends and is able to introduce another form, of which kind, without doubt, is God.

Question 2. On the kind of Matter of which the Heaven consists


[Margin: 1. Opinion—that the Matter of the Heaven is different from the elemental.]



[IV.] The first opinion is that the Matter of the heavenly Bodies is of a different kind from the matter of the sub-celestial, or inferior, bodies—


[…continues on p. 234: this opinion is one Aristotle himself would maintain (On the Heavens bk. 1, ch. 2 and 1; Meteorology bk. 1, ch. 3) if he thought the heaven consisted of matter distinct from form; its absolute champions were Simplicius, Theophrastus, Alexander of Aphrodisias, Avicenna, and Algazel, likewise Albertus Magnus, Alexander of Hales, William of Paris, and others.]





(printed p. 234 — Continuing Chapter V, Question 2: the page carries on the opinion that the matter of the heavenly bodies is of a different kind from that of sub-celestial bodies, a view Aristotle would maintain if he granted the heaven matter distinct from form. Its absolute champions were Simplicius, Theophrastus, Alexander of Aphrodisias, Avicenna, and Algazel, followed by a long roll of scholastics including Albertus Magnus, Alexander of Hales, St. Thomas and his school, Suárez, Pererius, Fonseca, Amicus, Tanner, Aversa, and Punch.)

And among the Astronomers, Tycho Brahe (in the letter to Rothmann of the year 1588, 17 August, from p. 106), where, although he admits a fluid heaven, he yet does not admit it to be airy—as John Pena and Rothmann contended; nay, he says:


I shall by no means admit [the heaven] to be airy, or to share in any elemental nature; for far be it that anything elemental, corruptible, and variable, etc., be stitched onto the most pure, most perfect celestial nature, subject to no changes.



And shortly after:


for all unanimously determine that the heaven is wholly exempt from the number and nature of the four elements, and exhibits a certain more excellent nature; and therefore [hold] it to be a certain fifth essence wholly different from those four elemental [natures].



Then he derides the Theologians who, understanding Moses too little correctly, said the heaven consists of watery matter; and he concludes that, although it is uncertain of what nature the heaven is, and unsearchable by us, yet it is certain that it shares in no elemental nature—which he confirms in the letter of the year 1589, 21 February, from p. 137.


[Margin: Arguments for the 1st opinion.]



[V.] The arguments for this opinion are: First, the authority of St. Dionysius (On the Divine Names bk. 1, ch. 4), saying that the heavenly bodies "are of that nature and essence which can neither grow nor be diminished, nor be changed in any part"; and [the authority] of St. Basil (homily 3 On Genesis), saying:


Yet it does not please us to assert that the Firmament is either [made] of one of the simple bodies, or mixed of them all; because we have now been so instructed by the divine Scripture itself, that we are permitted to think and imagine nothing beyond those things which are granted to our mind.



But from these passages nothing else is gathered than that the heaven is incorruptible, and not actually composed of elements. Secondly, the same [opinion] seems to be proved by: the simplicity of celestial motion, the nobility of the spherical figure, the eminence of [its] place, the predominance of [its] influences, [its] independence from inferior [things], the perfection of the Universe requiring this grade of matter; and especially the ingenerability and natural incorruptibility of the heaven. For to these heads are at last reduced the reasons, more fully produced by the defenders of this opinion. But some of these reasons are merely topical [dialectical], and have very slight probability; some prove only the nobility and excellence of the form, to which incorruptibility is owed. Wherefore, although the incorruptibility of the heaven is better defended, and with greater dignity of the heaven, if it is said to have a different matter—as Suárez and Amicus say above—nevertheless from natural incorruptibility it does not follow that the matter of the heaven is of a different species from the sublunary matter, as Arriaga, together with Molina, notes (Disputation 2, Physics, sect. 11, subsect. 2). Granted that Suárez (Disp. 13, Metaphysics, sect. 11, from number 14) contends that the heaven would of itself be corruptible no less than the elements, if it consisted of the same matter—for [he holds] it suffices for that, if the matter has the privation of some form, for the having of which it is proximately or remotely apt; and thus the heaven would be generable from air per se, and air from the heaven, granted that per accidens an agent introductive of such a form be lacking—the solution of this controversy therefore depends on the question of the incorruptibility of the heaven, to be treated a little below.


[Margin: 2. Opinion—that [the heaven's] matter is of the same kind.]



[VI.] The second opinion is that the visible heaven has matter of the same kind as the matter of sublunary [bodies]. In which [opinion] were not only the ancient Philosophers, or those more recent ones who thought the heaven and the heavenly bodies consist of one or more elements, but besides them Avicenna (Sufficientia bk. 1, ch. 4), Avicebron (in [the report of] St. Thomas), Scotus (on [Sentences] 2, dist. 14, q. 1), St. Bonaventure (on 2, dist. 12, art. 2, q. 1, and dist. 14), Ockham (ibid., q. 22), Aegidius [Giles of Rome] (in the tract On the Matter of the Heaven, and on 2, dist. 13), Gabriel [Biel] (on 2, dist. 12), the Abulensis (on ch. 1 of Genesis), Morisanus (disp. 2, On the Heavens, dub. 3), Angestus (bk. 1 On the Properties of Matter, prop. 9), Molina (the tract On the Work of the Six Days, disp. 2, 3, and 5), Scaliger (Exercitation 61), Mastrius and Bellutus (disp. 2, On the Heavens, q. 2, art. 2), Baltasar Téllez (in the Physics, disp. 40, sect. 1, num. 22), Salianus (in the Annals of the Old Testament, at day 2 of the world), [and] Francisco Oviedo (the single Controversy On the Heavens, point 2).

The arguments of this opinion are: First, because a specific diversity of matters seems impossible, since all distinction of species and of genera is from the Form, according to that [saying] of Aristotle (Metaphysics bk. 7, text 49): "It is the act that separates, or distinguishes"—which, however, admits many explanations; and the adversaries will say that the substantial Form constitutes the physical species, yet not every species, nor the essential metaphysical character; and Suárez (disp. 13, Metaphysics, sect. 11, num. 8) teaches at length that a specific diversity of matters is not repugnant. Secondly, because if anything compels positing a different matter, it is the incorruptibility of the heaven; but this can stand even if the matter of the heaven is of the same kind—because either by reason of a form not having contrary qualities conquerable by the qualities of other bodies, or because it is outside the hazard and sphere of sublunary agents, the heaven's natural incorruptibility can belong to it; although that incorruptibility is not yet demonstrated or demonstrable. Thirdly and chiefly: very many Fathers and Doctors of the Church teach that the heavens, or the heavenly bodies, are [made] of water or of fire—whom I cited at length partly in ch. 1, q. 4; partly in ch. 2, q. 1; and partly in ch. 3, Conclusion 4, argument 5; and St. Thomas (on [Sentences] 2, dist. 14, art. 2) says that Sts. Basil and Augustine, and several of the Saints, following Plato, posited the heaven [to be] of the nature of the elements.


[Margin: 3. Opinion—suspending assent.]



[VII.] The third opinion, on account of the uncertainty, or the equal weights of reasons and authorities on both sides, teaches either that both of the preceding opinions can be upheld problematically, or dares to affirm nothing determinately. And so both opinions are held probable by: the Conimbricenses (On the Heavens bk. 1, q. 6) as regards the matter (for as regards the nature derived from the form, they had already, in q. 5, defined [it] to be different from the sublunary); Hurtado (disp. 1, On the Heavens, paragraph 15), though he inclines toward the second opinion; [and] Arriaga (disp. 2, Physics, sect. 11, subsect. 2). And Philo (in the book On Dreams) has it thus:


But the Heaven has an incomprehensible nature, nor does any true knowledge of it flow down to us. For what can we pronounce about this? That it is concrete ice, as some hold? Or purest fire? Or a certain fifth body movable in a circle, akin to none of the four elements? What of that outermost sphere of the fixed stars—has it solidity, or only a surface without depth, like figures painted on a plane?



With like moderation St. Basil, speaking of the Firmament (homily 3 on the Hexaemeron), [declares] that it does not please him to assert the heaven [to be] mixed of one or of all the elements, because from the divine Scripture he has learned to think nothing beyond what is granted. And St. [John] Damascene (On the Faith bk. 2, ch. 6), when he had reviewed the various opinions, concludes: "But there is no need to search out the substance of the heaven: it is unknown to us." But let us hear St. John Chrysostom (homily 2 On the Incomprehensible Nature of God):


Of what substance the heaven consists, we do not know. Let him who contends, and affirms that he himself knows, say of what substance the heaven is. Is it some moisture congealed into ice? Is it a condensed cloud, drawn over into a thicker substance? Is it thick and more corpulent air? Surely no one can plainly teach what it is.



Let us also repeat the words adduced elsewhere from his homily 4 On Genesis. "But what, after all," says Chrysostom there,


shall we say this firmament to be? Condensed water, or compacted air, or some other essence? Let none of the prudent rashly assert this: for it behooves that, with great modesty and gratitude, the things that are said be received by us, and that we not advance beyond our nature and scrutinize the things that are above us; but to know and hold among ourselves this only—that by the command of the Lord the firmament was produced, making a separation of the waters, [a firmament] which is able to contain some [waters] beneath itself, but to bear others upon its back.



Whose opinion altogether—in other words, but in the same sense—Hugh [of St. Victor] expressed (On the Sacraments bk. 1, part 1, ch. 18), concluding:


[…continues on p. 235: Hugh of St. Victor's words — "Now, however, in the questions of these matters it does not seem to me that I must labor much, [questions] which neither any reason comprehends nor any authority that should be trusted proves." These weighed, Ascanius Martinengus (in the great gloss), though on p. 605 he grants that God made the starry heaven on the second day from the elements or from chaos (if the plain sense of the Mosaic history and the Fathers' opinions be regarded), nevertheless on p. 607 concludes that the substance of this heaven is unknown and imperceptible to us. — Then follows the CONCLUSION of Question 2.]





(printed p. 235 — The page completes Chapter V, Question 2, ending with a concluding citation of Hugh of St. Victor, and opens Question 3.)


Now, however, in the questions of these matters it does not seem to me that I must labor much—[questions] which neither any reason comprehends, nor any authority that should be trusted proves.



These things weighed, Ascanius Martinengus, in the great gloss (although on p. 605 he admits that God made the starry heaven on the second day from the elements, or from chaos, if the plain sense of the Mosaic history and the opinions of the Fathers be regarded), nevertheless on p. 607 concludes that the substance of this heaven is unknown and imperceptible to us. Let it therefore be [thus].

Conclusion


[Margin: 3. Conclusion.]



Although it cannot be known by us demonstratively and evidently what the substance and nature of the visible heaven is, yet it is more probable that it consists of matter of the same kind as the elemental.

[VIII.] The prior part of the conclusion is established both by the authorities adduced for the 3rd opinion, and by the mere consideration of the arguments which we said are wont to be adduced for the 1st and 2nd opinions—for there is none [of them] that exceeds mere probability. And certainly, if once we admit that the matter of corruptible bodies can be the same as [that] of incorruptible bodies, and that corruptibility is to be sought not only from the indifference of the matter, but also from the properties of the form (forms having or not having qualities corruptible by [their] contraries, or [corruptibility being sought] even from the nearness and power of an agent), there remains for us no way of certainly inferring, from any change or defect of change, a matter different rather than not-different.

The latter part is proved: Because that conclusion is more probable which is taken from Sacred Scripture according to the letter, and according to the interpretation of very many Fathers, than its opposite—so long as this [opposite] is not deduced from valid arguments and demonstrative reasons, or [reasons] coming near to demonstrative ones. But [the view] that the starry heaven consists of a matter different from the sublunary is neither demonstrated, nor persuaded by valid arguments approaching demonstration; while on the other side, [the view] that it consists of a watery, or fiery, or some elemental matter is gathered from Sacred Scripture taken to the letter, and from the Fathers—as I have already taught in ch. 2, q. 1 and 3; and ch. 1, q. 4; and ch. 3, Conclusion 4, arg. 5. And so the Carthusian rightly (on [Sentences] 2, dist. 14, q. 2) pronounces that it is safer, from sacred Genesis and from many Fathers, to assert the heaven [to be] of an elemental nature. And surely, if above the Firmament there is a watery heaven, or waters of the same matter as the elemental [waters], and the Firmament itself (taken for the 8th sphere), if not the whole starry heaven, is [made] of elemental water—as we gathered from Sacred Scripture and the Fathers in ch. 2, q. 1 and 3—who, then, would deny that the rest of the starry heaven, beneath the eighth sphere of the Fixed [stars], is of the same matter?

Nor indeed ought either we, or the authority of Aristotle in this matter, or one or another reason of physical or metaphysical congruity and subtlety, move [us] to interpret Scripture and the Fathers forcibly. Especially since Aristotle's opinion about the diversity of celestial matter, and about a certain fifth essence, sprang up from an infected root—namely, from the opinion of the eternity of the World, and of the necessity by which he thought the heaven and the World were produced by God; and tends to this, that it insinuates to us that the heaven cannot be destroyed even by God. Of which St. Ambrose (Hexaemeron bk. 1, ch. 6) gravely and prudently admonished us in these words:


[Margin: St. Ambrose's admonition against the fifth essence.]

Others, therefore, considering that these [elements] could not be stable, introduced a certain fifth nature of body, by which they thought the substance of the heaven would remain long-lasting. But that opinion could not withstand the Prophetic statement, which the divine Majesty also of our Lord Jesus Christ, our God, confirmed in the Gospel.



He then adduces the words of Psalm 101 [Vulgate; = Ps 102:26]: "The heavens are the works of thy hands; they shall perish," etc.; and of Christ (Matthew 24): "Heaven and earth shall pass away"; and he adds:


They therefore accomplish nothing, who, in order to assert the perpetuity of the heaven, think a fifth ethereal body must be introduced—since they equally see that a portion of one member, joined dissimilar to the rest, is wont rather to bring decay to the body.



Question 3. From what, or from which Elements, the Heaven consists

[IX.] According to the number of the four Elements, we have adduced just as many opinions about the nature of the stars (ch. 4, q. 4, from number 10); now we shall report just as many about the nature of the heaven itself, to be compared with those. Moreover, the opinions of the ancient Philosophers about the nature of the heaven are reported by Diogenes Laertius (in their Lives), Plutarch (On the Opinions of the Philosophers bk. 2, ch. 11 and 13), Theodoret (the book On Matter and the World), Clement of Alexandria (the book of the Stromata), Justin (in the Admonitory [Cohortatio]), and [Pico] of Mirandola (bk. 1, Examination of the Vanity of the Gentiles, ch. 12).

The first opinion was that the heaven is fiery—nay, the very element which we call fire, yet pure, [and] on account of the rarity of its substance not apt for combustion. > [Margin: Authors for the 1st opinion.] For which opinion I reviewed, in ch. 3, Conclusion 4, argument 5, the Stoics, Heraclitus, Empedocles, Pythagoras, the Egyptians, Plato, [and] Pliny; and of our own [authors] Sts. Augustine, Anselm of Canterbury, Innocent [III], Bede, Junilius, Hugh Carensis, Delrio, Paracelsus, and Baltasar Téllez. But because I see that there is doubt about Plato's opinion, what I said there must be confirmed. So Plato, in the Timaeus, says: > [Margin: Plato's opinion of a fiery heaven confirmed.]


God first created fire and earth; but two [things] alone, without some third, cannot fitly cohere, and the two demanded some middle bond.



Then after a few [words]:


By which conjunction the World was compacted, so that it can be seen and touched.



Accordingly, from things of this kind, four in number, the body of the World was made. And shortly after:


Four, therefore, [taking] each of those things whole, the World received; for of all the fire, air, water, [and] earth its maker so composed it, that he left outside no part or force of any of them.



From which Plotinus, Porphyry, Taurus, Marsilio Ficino, and very many Platonists gather that the World consists of those four bodies; and since the supreme of them is fire, [they hold] the heaven to be nothing else than Fire. So too Philoponus (Disputation 13 against Proclus, ch. 15 and 18) teaches that for Plato the heaven is the same as fire; and Nemesius (the book On the Nature of Man), and St. Gregory of Nyssa (bk. 3 of [his] Philosophy, ch. 4), say that the heaven—which Aristotle calls a fifth essence—is asserted by Plato to consist of Fire and Earth. Nor does it stand in the way that Plato numbers five kinds of souls—earthy, watery, airy, fiery, ethereal—to which (in the Epinomis) he distributes five regular bodies, or as many figures of them; and that in the Timaeus he says that that Fire is not a burning flame, but a light gently illuminating; from which [grounds] John Pico, Maynettus, and Simplicius (On the Heavens bk. 1 and 2) try to reconcile Plato with Aristotle, as if they differ in the term alone, and Plato in fact acknowledged in the heaven a certain fifth essence. For, as Philoponus replies, [Plato] did not divide the fifth body of the World adequately from the four Elements, but [made it] inadequately distinct from the parts taken separately, and to this whole he attributes a fifth [nature]; and he calls Fire "ether," as if a purer air, and on account of [its] rarity least apt for combustion. Add to these the very many whom I noted in ch. 4, num. 12, asserting the stars to be Fiery, or fires; and Tycho (in the Letters, p. 137), who indeed thinks the heaven to be a certain fifth essence, [but holds] that if it nevertheless consists of any element, it must rather be called fiery, because fiery stars sparkle in it.

The second opinion was that the starry heaven—either the whole, or at least the Firmament, that is, the eighth sphere, together with the waters set above [it]—is watery. > [Margin: 2. Opinion—of a watery heaven.] In which opinion how many Fathers and Doctors there were, we made manifest in ch. 2, q. 1 and 3, by their own words sincerely, and weighed and expounded without violence; of which opinion also were Martius, Molina, Delrio, Cornelius a Lapide, Serarius, Salianus, and Tanner—we said [this] in the same chapter, at the end of question 1. Add to these those whom I adduced in ch. 4, num. 11, affirming that the stars are [made] of, and nourished by, watery vapors.

The third opinion affirms that the heaven is airy—and not only that [region] in which the birds of heaven fly (for this airy [region], our Téllez asserts, is truly and properly called "heaven": Disp. 40, Physics, sect. 1), but also that [region] in which the stars are; for all [of it] is of the same substance as pure air, from [its] similar rarity and diaphaneity. > [Margin: 3. Opinion.] [So] asserted John Pena, and Giordano Bruno (in the book On the World, against the Peripatetics), and for many years Christopher Rothmann—as Tycho reports (vol. 1, Progymnasmata, p. 92; and in the Letters given to Rothmann in the year 1587, January 20, p. 60; and again in the Letter of the year 1588, August 17, p. 107, and


[…continues on p. 236: …p. 107; and in Rothmann's letter of 1588, September; and in the letter of 1589, February 21. Which Rothmann took his argument from the refraction of the rays of the stars being the same in the ether and in pure air; but Tycho, in the same place, teaches that this argument is of very little force—for it often happens that wine and water, or another liquid, are of different species, and yet so agree in density that they refract rays equally. To this opinion likewise seems able to be recalled John Kepler (bk. 4 of the Epitome)…]





(printed p. 236 — Concluding Chapter V, Question 3: the page finishes with the Tycho–Rothmann correspondence of 1587–1589. Rothmann argued from the refraction of starlight being the same in the ether as in pure air, but Tycho teaches that this argument has very little force, since liquids of different species, such as wine and water, may agree in density and refract rays equally.)

To this opinion likewise seems able to be recalled John Kepler, who (bk. 4 of the Epitome of Copernican Astronomy) so explains the Creation of the World described by Moses, that the heaven of the fixed [stars] is a crust or wall of the Universe, consisting of water or crystal; but within, all the way to the Sun, the center of the world (as he himself thinks), all things are full of pure air—which, moreover, he everywhere elsewhere calls "ethereal," and "expanse" (from the Hebrew name Raqia [רקיע])—in that manner in which air is contained within watery bubbles produced by blowing. These things being posited, since—according to what was said in Conclusion 2—it is more probable that the visible heaven consists of elemental matter, I express my [own] opinion briefly in the following Conclusion.

Conclusion


[Margin: 4. Conclusion.]



It is more probable that the Heaven in which are the Fixed stars is Watery; but that the heaven in which are the Planets is Fiery.

[X.] For that proposition is more probable than the rest which, even if it cannot be proved by valid reasons, [yet] rests on more authorities, and reconciles more authors, and is more consonant with Sacred Scripture together with the adjoined interpretation of the Fathers, and renders the Workmanship of God neither unseemly nor inelegant. And of this kind is our conclusion. For that some visible heaven congealed from water solidified in the manner of ice or crystal, both the Hebrew name of the Firmament and a great multitude of Fathers and Doctors confirm, as we showed at length in ch. 2, q. 1. Yet that some starry heaven is fluid, in which the Planets are moved by themselves and not by the motion of the heaven, many Fathers and Doctors likewise assert, as is clear from what was said in ch. 2, q. 2. And that the former [Fathers], who introduce solidity, are to be understood chiefly or solely of the orb of the Fixed stars, but the latter of the heaven of the Planets, I have sufficiently taught in ch. 3, Conclusion 4; and that in this way those Fathers are best reconciled among themselves—in which way also almost all the more recent Astronomers, in order to save the celestial Phenomena, concede solidity to the sphere of the Fixed [stars] alone, but affirm the heaven of the Planets [to be] fluid and permeable. But because the heaven of the Planets could be fluid, and yet either watery, or airy, or fiery, [that it is] rather fiery we are at last persuaded by these reasons:


[Margin: 1st Reason.]



First, because, since some of the Fathers said the heaven is indefinitely watery, [and] some [said it is] fiery, they cannot be better reconciled than if you interpret the former of the sphere of the Fixed [stars], the latter of the heaven of the Planets, and do not adjudge the whole dispute to one party; for the reasons which they adduce for that solidity militate uniquely for that supreme heaven—namely, that the solidified waters might be as it were the outermost walls of the world, bounding our sight; or like the shell of an egg, or the vault of the world; and able to sustain the upper waters upon their back; and to contain the innumerable fixed stars scattered through the whole heaven, and to temper their burning, preserving that heaven until the last day of the world: just as, on the contrary, the reasons which others adduce for the fluidity of the heaven militate only of the heaven of the Sun, Moon, and Planets. Therefore, if one of these heavens must be called watery, the other fiery, then surely the heaven of the Fixed [stars] must be called watery, and [the heaven] of the Planets fiery.


[Margin: 2nd Reason.]



Secondly, some of the Fathers and Doctors speak not indefinitely but distinctly, and expressly say that that heaven which they gather from the Scriptures to be made from firmed and consolidated water is the eighth sphere, or the highest of the visible heavens—which therefore, for many ages now, has been wont to be understood by the name of the Firmament; just as not a few expressly teach that the heaven of the Planets is fiery, nay, the very fourth element, fire, as I showed (by citing those Authors' own words) in ch. 1, num. 16, and ch. 3, Conclusion 4, argument 5. And therefore this heaven, by which the Sun—or Titan—and the Titanian stars (that is, the Planets, which receive from the Sun their light and the law of their motion) [are illumined], they suppose to be what is called "Ether"—namely, pure fire.


[Margin: 3rd Reason.]



Thirdly, there is added the fittingness of the divine workmanship. For although, if the good of the elements alone be regarded, their natural order ought to have been such as it was in the first instant of creation—namely, that the earth should be lowest, which the abyss, or water of great depth, would surround above; and that above the waters should be each of those [elements], the one which earned its name from the thinness of a "spirit" (namely, air), and in the supreme place fire (for that both are signified by those words, "the Spirit was borne over the waters," we showed in ch. 1, num. 13)—nevertheless the good of the remaining natural bodies required another order, which therefore God established on the second and third day; namely, that the part of the earth uncovered from the waters might become fit for containing men and the other living things in spacious lodging and habitation, and for nourishing and refreshing crops, flowers, herbs, and foliage; while the more humid Air was left for the respiration of the animals around earth and water, and for the flight of the birds (which mostly nest and rest upon the earth), and above it [the air], fire.

But since a great mass of waters had been created from the beginning, as its proportion with the earth demanded—so much that it earned the name of "abyss," or water having an almost unsearchable depth—and since not all of it, nay, not even the greater part, could fittingly be enclosed within the cavities of the Earth or its subterranean caverns, the supreme Workman, most prudently—lest he should seem to have made anything superfluous, and to be destroyed immediately after creation—obtained five opportune uses from that superabundant mass of waters.

For [first] he raised up a part of them, and placed [it] immediately beneath the splendor of the Empyrean, so that from that mixture of light and watery opacity he might form a most beautiful and perpetual Rainbow, and refresh the eyes of the Blessed with an incredible variety of colors far more delightful than ours; and that, besides, it might be a kind of mirror, in which and from which the bodies of the Blessed and their splendors might be reflected in an admirable and manifold spectacle. And so that watery heaven beneath the Empyrean one may imagine as a kind of vast Rainbow set around the whole firmament, whose blue and darker part is at the bottom, toward us; the red in the middle; and the yellow, or golden, the highest.

Then [second] he consolidated the remaining part into a crystalline heaven, and by its density and opacity established a boundary between the invisible heavens—namely the Watery and the Empyrean, which pertain to the other life—and the visible or sensible heavens, namely the fiery and the airy. Thirdly, he fixed the non-wandering [fixed] stars in this Firmament, or crystalline heaven, which therefore perpetually keep the same distance among themselves, and are moved with equal step to the motion of that orb. Fourthly, he immediately tempered the burning of the innumerable fixed [stars] by the cold and humidity of the aforesaid waters, because the fixed [stars] had to be each in the same place of that heaven, and scattered through that whole heaven. But this immediate tempering was not necessary for the heaven of the Planets, which are only seven, and move only within the Zone of the Zodiac, and do not remain in the same place of their heaven, but are rolled most swiftly into other and other parts, and so do not threaten one and the same part with destruction or consumption by excessive heat; and it was enough to restrain and temper the elements of fire and air, enclosed on both sides by waters. Fifthly and finally, he perhaps used the Watery heaven for the Prime Mobile—not that that water should be a water-clock [clepsydra], measuring universal time by its falling downward, but that, by a perpetual whirling in a circle, it might carry off with itself the sphere of the Fixed [stars], and—turned about the poles of the Equator in the space of 24 hours—might revolve it around with itself; yet in such a way that the sphere of the Fixed [stars], upon the poles of the Ecliptic, might gradually advance toward the East. I said "perhaps," because perhaps in another way the motion of the Fixed [stars] toward the West could be reconciled with the motion of the same toward the East, as we shall say in Section 2.

And so, for us, the number of the elements and of the heavens—visible and invisible—is saved, without a superfluous heap of orbs, and without any inelegance of the works of God; the authority of the divine writings is saved; the interpretation of the Fathers and Doctors of the Church, conspiring as into a single council, is saved; and finally the consensus of the more recent Astronomers is saved. Which [considerations] indeed, with me, far outweigh the subtleties of certain Peripatetics—conjectures topical rather than physical or metaphysical. And so the saying of our Oviedo greatly pleases [me] (p. 463 of his Course of Philosophy):


In a Question whose resolution is destitute of every natural reason—that is, of a valid or forceful [one]—recourse must be had to the authority of the Fathers and the Doctors, etc.



[Here Chapter V ends.]


[…continues on p. 237 (PDF 272): CHAPTER VI — Whether the Heaven is Generable and Corruptible. "The first opinion was, and still is, that the heaven is, from within and by its own nature, ingenerable and incorruptible; in which [opinion] were engaged not only Aristotle (the book On the Heavens), but also…"]






Chapter VI, Whether the Heaven is Generable and Corruptible

(printed p. 237)


[Margin: 1. Opinion, for incorruptibility.]



[I.] The first opinion was, and still is, that the heaven is, from within and by its own nature, ingenerable and incorruptible. In this [opinion] were engaged not only Aristotle (On the Heavens bk. 1, ch. 3 and 4; and bk. 2, ch. 1) and all those Peripatetics who affirmed the heaven to be a certain simple substance—that is, not composed of matter and form distinct by a real distinction between themselves—nay, [who affirmed it] to be an eternal and necessary being (the chief of whom, as regards simplicity, I have already reviewed in ch. 5, number 1); but also many of those who said the heaven consists of matter and form really distinct between themselves: among whom were chiefly St. Thomas (Prima Pars, q. 66, art. 2; and on [Sentences] 2, dist. 14, q. 2), Albertus Magnus (part 1, On the Four Coevals, q. 4, art. 1), Alensis [Alexander of Hales] (Summa, part 2, q. 50), St. Bonaventure (on [Sentences] 2, dist. 14, art. 1, q. 1 and 2), Pererius (bk. 2 On Genesis, q. 1), Molina (part 1, q. 9, art. 2, dist. 2), Suárez (disp. 13, Metaphysics, sect. 11, from num. 13), the Conimbricenses (On the Heavens bk. 1, ch. 3, q. 1, art. 2), Adam Tanner (On the Heavens, q. 5, assertion 2), Amicus (tract 5, On the Heavens, q. 1), Hurtado (disp. 1, On the Heavens, sect. 5), Arriaga (the single Disputation On the Heavens, section 3, num. 42), Oviedo (the single Controversy On the Heavens, point 2, num. 20; Disputation 22 of the Physics), John Punch (q. 4, last conclusion), Tycho (in the Letters, ch. 5, num. 4, cited)—whom, however, Téllez wrongly adduces to the contrary. Of these, nevertheless, some concede to the visible heaven a matter of the same kind as the sublunary, like St. Bonaventure and Molina, but they attribute that incorruptibility to the perfection of the form, or to the impotence of a natural agent. Again, some add that [the heaven] is not to be corrupted as to its substance even at the end of the World—like Pererius, the Conimbricenses, and Tanner.


[Margin: Arguments for incorruptibility.]



The foundations of these [views] are: First, the authority of Sts. Dionysius (On the Divine Names, ch. 4), Gregory of Nyssa (the book On the Making of Man, ch. 1), Jerome (on ch. 65 of Isaiah), Augustine (City of God bk. 4, ch. 24), and Gregory the Great (Morals bk. 11, ch. 5), who seem strongly to favor this opinion. Secondly, because this grade of incorruptible bodies is required for the perfection of the universe, since it is otherwise not impossible. Thirdly, because no trace of generation or substantial corruption appears in the heaven as a whole or in its parts; for all the novelties of the heaven—such as new stars and Comets, the spots and faculae of the Sun—can be defended by alteration alone, and by condensation, or by local motion, or certainly by a creation made anew by God. Fourthly, because the Fathers who say the heavens are corruptible say it [only] because the destruction of the substantial form, or even the annihilation of the whole composite, is not repugnant to them in respect of the divine Omnipotence; and [because] in fact [the heavens] are to be corrupted, or at least vehemently changed as to their accidental qualities.


[Margin: 2. Opinion, on the corruptibility of the heaven.]



[II.] The second opinion was, and still is today, that this visible heaven is by its own nature corruptible; nay—if you speak of our Theologians—[that it is] to be corrupted. Its ancient authors are reported by Plutarch (On the Opinions [Placita] bk. 2, ch. 4), Theodoret (the book On Matter and the World), St. Jerome (on Isaiah ch. 51), [and] Eusebius (Preparation for the Gospel bk. 15). Therefore, besides Heraclitus and Cratylus, who thought earthly and heavenly things to be in continuous flux, [these] judged that the heaven would at some time be dissolved: Anaxagoras, Democritus, Epicurus, Chrysippus, Cleanthes, Posidonius, Antipater, Panaetius, and their chief Zeno, and the follower of the Stoics, Seneca. (But as for what Plutarch says above—"Pythagoras and the Stoics [held] the world [to be] generated by God, and subject to corruption as to its nature, inasmuch as it is sensible and corporeal, yet not on that account going to perish; for, the divine power sustaining it, it will endure perpetually; [whereas] Epicurus [held it] going to perish, inasmuch as [it was] generated, like an animal or a plant"—that pertains to the opinion of Pythagoras, not of the Stoics, because they [the Stoics] thought the world would at last be burned up by Ecpyrosis, that is, by conflagration: which also from bk. 2 of the Oracles it is gathered the Sibyls sang, from those verses:


Then a burning river shall flow down from the high heaven,
And, fiery, shall utterly consume all places, etc.
And the heavenly pole, etc.



Plato too, in the Timaeus, [held] the heaven to be, by its own nature, dissolvable and perishable, but, by the benefit of God, immune from destruction—which Aristotle also attributes to him (On the Heavens bk. 1, text 102). The same thought Cicero (On the Nature of the Gods bk. 2), Lactantius (On False Religion, ch. 12), [and] Macrobius (On the Dream of Scipio bk. 1). But that [the heaven] is corruptible, and in fact to be corrupted substantially, the Master of the Sentences teaches (on [Sentences] 2, dist. 14), and Scotus (q. 1), the Carthusian (q. 7), Catharinus (in the [commentary on the] Letter to the Hebrews ch. 1, and on 2 Peter 3), Vallesius (On Sacred Philosophy, ch. 89), Hieronymus Magius (On the Burning of the World, bk. 2, ch. 6 and 7), Vielmius (lecture 18 on Genesis), Ascanius Martinengus (in the great Gloss, from p. 592), Salmerón (vol. 1, last prolegomenon; on 2 Peter 3, disp. 4, and there too Cornelius a Lapide and Serarius), Martín del Río (on ch. 1 of Genesis), our Molina (On the Work of the Six Days, disp. 3), Cornelius a Lapide (both in the cited passages and on Isaiah ch. 34, from p. 294), Leo Castrius (on Isaiah ch. 51), Emmanuel Sá (in the notes on the 2nd Letter of St. Peter), Fabricius Paulucius (on 2 Peter ch. 3), Marin Mersenne (on Genesis, p. 12, column 2), John Baptist Folengus (on Psalm 101), Genebrard (on Psalm 101), Martin Becanus (On the Work of the Six Days, from p. 403), [and] John Louis de la Cerda (in the Sacred Adversaria, ch. 154); and Suárez thinks [it] Probable (vol. 2, [on the Third Part], disp. 58, sect. 2); Eusebius Nieremberg (On the Nature of the Stars, bk. 6, ch. 13), Tanner (in the dissertation On the Heavens, q. 5; and in the Theological [Disputations], tract 1, disp. 6, q. 2, dub. 6), Scheiner (in the Rosa Ursina, bk. 4, part 2, ch. 24 and 25), Mastrius and Bellutus (disp. 2, On the Heavens, q. 3), Kepler (On the New Star, ch. 23), René Descartes (p. 193 of his Philosophy), Francesco Resta (in the tract, and bk. 1 of the Meteorology, ch. 10), Baltasar Téllez (disp. 40, Physics, sect. 1), Fromondus (bk. 3, Meteorology, art. 6), [and] Bullialdus [Boulliau] (Astronomy bk. 1, ch. 5). And Salianus, when in the Annals (at day 4 of the world, num. 9) he had defended this opinion, afterward in the scholia seemed to retract himself, and to return to the Peripatetics.

But I had almost forgotten Lucretius (bk. 6), singing thus:


And since I have taught that the temples of the world are mortal,
And that the heaven consists of a born [native] body,
And [that] whatever things come to be in it, and must come to be,
[I have taught] that these are dissolved, etc.



The foundation of this opinion is threefold: namely, the authority of Sacred Scripture, the testimonies of the Fathers, and arguments drawn from experience—from the Spots and faculae which arise and pass away near the disk of the Sun (the Telescope being witness), and from certain Comets born and dying above the Moon, whose vicissitudes are more connaturally explained by generation and corruption than by other, more violent modes, or [modes] involving miracles.


[Margin: 1. Argument, from Sacred Scripture.]



[III.] First, then, in Psalm 101 [102] it is said: "In the beginning, O Lord, thou didst found the earth, and the heavens are the works of thy hands: they shall perish, but thou remainest; and they shall all grow old like a garment, and like a covering thou shalt change them." And Job 14: "Man, when he has slept, shall not rise again, until the heaven be worn away; he shall not awake out of his sleep"—but it is certain that at some time men will rise again; therefore the heaven too would at some time be worn away. Isaiah ch. 24: "All the host of the heavens shall waste away, and the heavens shall be folded together like a book, and all their host shall fall down [fade away]"; and ch. 51: "The heavens shall vanish like smoke, and the earth shall be worn away like a garment"; and ch. 65: "For behold, I create new heavens and a new earth." And Matthew 24: "Heaven and earth shall pass away." And 2 Peter ch. 3: "But the day of the Lord shall come as a thief: in which the heavens shall pass away with great violence, and the elements shall be dissolved with heat; and the earth, and the works that are in it, shall be burned up. Since, therefore, all these things are to be dissolved, etc."; and in the same place: "The burning heavens shall be dissolved, and the elements shall melt with the heat of fire: but we look for new heavens and a new earth, according to his promises"; and St. Peter had said before, in the same place: "But the heavens [that now are] are kept in store, reserved unto fire." Now these authorities it is not permitted, without necessity, to interpret by destroying or abandoning the literal sense; and it has been solidly said by our Maldonado, on those words ["and the stars shall fall from heaven"]: "I judge that more credence can be given to Christ affirming, than to Aristotle denying"; where he also thinks—with Chrysostom and Euthymius—that they [the stars] will truly fall.


[…continues on p. 238 (PDF 273): the second argument, from the authority of the Fathers — "Many Fathers teach that there are waters above the heavens precisely to defend them meanwhile from the excessive heat of the stars, and assert the heavens to be watery or fiery (as shown in ch. 2, q. 1 & 3, and ch. 3, concl. 4, arg. 5); therefore, just as the elements are of themselves corruptible, so too the heavens. Nay, [the Fathers] teach in express words, not to be evaded by any tergiversation, that the heavens are in fact to be dissolved and—their pristine form corrupted—transmuted into a better state, as is clear to one reading their words in Ascanius Martinengus, in the Gloss…"]





(printed p. 238 — Continuing Chapter VI, the proof of the corruptibility of the heavens.)


[Margin: 2. Argument, from the authority of the Fathers.]



Secondly, many Fathers teach that there are waters above the heavens precisely so that meanwhile they may defend them from the excessive heat of the stars; and they assert the heavens to be watery or fiery, as we already showed in ch. 2, q. 1 and 3, and ch. 3, Conclusion 4, argument 5. Therefore, just as the elements are of themselves corruptible, so also are the heavens. Nay, that the heavens are in fact to be dissolved, and—the pristine form being corrupted—to be transmuted into a better state, [the Fathers] teach in express words, not to be evaded by any tergiversation, as is clear to one reading their words in Ascanius Martinengus (in the great Gloss) and Scheiner (bk. 4 of the Rosa Ursina, part 2, ch. 24). Thus, in the first place, St. Justin (in the Responses to the Orthodox, q. 93, 94, 95), St. Basil (homilies 1 and 3 on Genesis, and homily 6 of the Hexaemeron), St. Ambrose (Hexaemeron bk. 1, ch. 6), St. Chrysostom (homily 10 To the People of Antioch; homily 23 on ch. 9 of Matthew; and homily 14 on ch. 8 of the Letter to the Romans, and in the same place Theodoret), Oecumenius (in the collectanea on ch. 3 of the 2nd Letter of Peter), St. [John] Damascene (On the Faith bk. 2, ch. 6), Gennadius (the book On Ecclesiastical Dogmas, ch. 7), St. Jerome (on ch. 51 of Isaiah), St. Hilary (on Psalms 122 and 148), St. Epiphanius (bk. 2 Against Heresies), St. Irenaeus (bk. 4 Against Heresies, ch. 6), St. Cyril of Alexandria (bk. 4, on ch. 51 of Isaiah), Andreas of Caesarea (sermon 22 on the Apocalypse), Zacharias Scholasticus, Bishop of Mitylene (the disputation On the Making of the World), [and] Caesarius (in the Dialogues, q. 71).


[Margin: 3. Argument, from reason and examples.]



Thirdly, that the Spots and faculae of the Sun are generated anew and pass away is proved by arguments already indicated in bk. 3, ch. 3, and to be adduced from Scheiner in bk. 9, sect. 4, ch. 12, num. 19 and 20; likewise also Comets, which are above the Moon, concerning which enough was said in bk. 8, sect. 1, ch. 6; as also new stars, [in] sect. 2, ch. 17. Although Tanner (in the dissertation On the Heavens, q. 7; and vol. 1 of the Theology, disp. 6, q. 3, dub. 3) contends either that the observations of the Mathematicians who assert these novelties are uncertain, or that these things are done by God in a supernatural manner, like portents, or that the spots are carried about the Sun by peculiar Epicycles, and that Comets and new stars descend to us by the passage of time—concerning which, and other modes devised for explaining these Phenomena, enough has been said by us in the places indicated a little before. Let there now be a

Conclusion

It is more probable that the visible heavens are, by their own nature and from within, corruptible—although per accidens and from without [they are] incorruptible.

[IV.] The prior part of the Conclusion is proved from what was said in ch. 5, num. 10, for Conclusion 4; for by this very fact, that we proved the heaven of the Fixed [stars] to be watery and [that] of the Planets fiery, and showed this to be more likely, it follows that these heavens are, from within and by their own nature, capable of generation and corruption; and that their matter is not so bound to the celestial form that, if a natural agent apt for introducing another form be given, that matter would not be positively apt to receive it. But because—whether on account of their distance, or because of [their] enormous mass, or because of the remarkable tempering of the secondary qualities with the primary, which God has implanted in the heaven—there is given no created natural agent which could substantially transmute the heavens, therefore I said [they are] incorruptible per accidens: in which way neither the whole earth, nor the whole air, is transmutable as to its whole or greatest part.

And the Conclusion is confirmed, because the new Phenomena of stars and Comets, and of solar Spots, and the dissolution and renewal of the heavens at the end of the world, are rather to be explained without a miracle—or at least with a lesser miracle, but in a more physical way, and similarly to other natural bodies which come to be anew. And this happens if it be admitted that the heaven is now, in some small part of itself, subject to generation and corruption, and that at the end of the world Fire is to be assumed by God as an instrument for the substantial renewal of the heavens. Nor indeed, in a controversy of this kind—which has neither evident reasons nor authorities insoluble of explanation—is it pleasing, or [is there] leisure, to linger longer.


[Margin: The incorruptibility of the Empyrean.]



But I said in the Conclusion "the visible heavens"; for that the Empyrean heaven is incorruptible is sufficiently proved from the manner of speaking of the Fathers, concerning whom [I treated] in ch. 1, q. 6, where [I spoke] at length about that heaven and its conditions. And this is that [incorruptible] body which was required for the perfection of the Universe—but [reserved] for that state and order of things in which there will also be the incorruptibility and eternal soundness of our [own] bodies.


[Margin: The destruction of the heavens at the end of the World.]



But in what manner the heavens are to be dissolved at the end of the world, very learnedly treat, in the first place, Pererius (bk. 2 On Genesis, q. 1, 2, and 6), Tanner (On the Heavens, q. 11; and vol. 1 of the Theology, disp. 6, q. 4, dub. 5), Salmerón (on 2 Peter 3), and others among them.

[Here Chapter VI ends.]




Chapter VII, Whether the Heavens are Solid, or rather Fluid — all, or some

[I.] There is no doubt that the heaven of the Planets is solid, taking "solidity" broadly for the threefold dimension of a body having length, breadth, and depth; in which way Philo (bk. 1 On the Making of the World), Origen (homily 1 on Genesis), and St. Basil (homily 3 of the Hexaemeron)—whose words I gave in ch. 2, q. 2—said that every body is solid. But neither is it disputed among others whether the heaven of the Fixed [stars] has some depth or height; for I found only Philo (in the book On Dreams) calling this into doubt, in these words: "What of that outermost sphere of the Fixed stars—has it solidity, or only a surface without depth, like figures painted on a plane?" For commonly the Physicists and Astronomers attribute to the Fixed stars some corpulence and mass, after the manner of globes or as it were globes; and so also to the heaven in which they are fixed, some thickness or depth—which Philo, as I said, calls "solidity." The controversy, therefore, is about solidity strictly taken, which, besides the threefold dimension, has joined [to it] a hardness opposed to softness—in the way we say that marbles are solid, and metals so long as they do not melt, and ice itself before it is dissolved. These things being noted beforehand:


[Margin: 1. Opinion, on the solidity of all the heavens.]



[II.] The first opinion was, and endures to this very day, that all the starry heavens are Solid: which Aristotle upheld (On the Heavens bk. 2, from text 43 to 52), where he contends that the stars are not moved in the heaven as fishes in the sea—that is, are not moved by themselves, but by the motion of the orbs; of which [orbs] he imagined and named some as "carrying" [rolling], with Eudoxus and Callippus, and some as "counter-rolling," out of his own ingenuity (Metaphysics 12). Plato, in the Timaeus—but on the interpretation of Eusebius (Preparation for the Gospel bk. 1, ch. 16); Anaximander, as Plutarch reports (On the Opinions of the Philosophers bk. 2, ch. 16); Dionysius the Carthusian (on [Sentences] 2, dist. 14, q. 3), saying: "By the inviolable authority of the canonical Scripture, the heavens are most solid, as if cast of bronze." The same the Master [of the Sentences] indicates (on 2, dist. 14), and St. Thomas teaches (on 2, dist. 14, q. 1; and Prima Pars, q. 68, art. 2), and many Scholastics, except St. Bonaventure; likewise William of Paris (part 1, On the Universe, tract 3), Lippomanus (in the Catena, on ch. 1 of Genesis), Fracastorius (in the Homocentrica), Alfraganus (dist. 14 and 17), Sacrobosco and Clavius (on the Sphere, ch. 4), Peurbach (in the Theorics) and his followers, Fernelius (in the Cosmotheoria), Vielmius (on Genesis, lecture 14), Pererius (bk. 2 On Genesis, q. 9), Martín del Río (on ch. 1 of Genesis, num. 36), the Conimbricenses (on bk. 2 On the Heavens, ch. 8, q. 1), Martinengus (in the great Gloss, p. 1018 in my [copy]), Suárez (bk. 1 On the Work of the Six Days, ch. 5), Salianus (in the Annals of the Church of the Old Testament, at day 2 of the World), Adam Tanner (in the dissertation On the Heavens, q. 6, assertions 1 and 2; and vol. 1 of the Theology, disp. 6, q. 3, dub. 2, likewise assertions 1 and 2)—although Téllez does not hesitate, wrongly and inconsiderately, to adduce him for the opposite opinion; Amicus (tract 5, On the Heavens, q. 5, art. 3), John Punch (disp. 22, Physics, q. 5), [and] Aversa (q. 33, sect. 6). And although we think otherwise about the Copernican [system] (from what is to be said in sect. 3, ch. 1, num. 14), yet this very reality and distinctness of the orbs Tycho attributes—though with dread—to the Copernican [view] (vol. 1, Progymnasmata, p. 439), and to Alhazen and Witelo (in the Letters, p. 61). The foundations of this opinion will be dissolved a little below.


[…continues on p. 239 (PDF 274): the Second opinion — on the Fluidity of the Heavens, universally or indefinitely — which affirms all the heavens fluid (freely permeable by the stars), beginning with the ancients in Aristotle (those who said the stars are "fed by moisture": Homer, Anacreon, Virgil, Lucretius, Pliny, Manilius, Seneca, Metrodorus, etc.)…]





(printed p. 239 — Chapter VII continued.)

Second opinion — on the Fluidity of the Heavens, universally or indefinitely


[Margin: Most of the ancients.]



The second opinion affirms all the heavens to be fluid—either expressly, or implicitly, in so far as it asserts them indefinitely to be fluid, that is, freely permeable by the stars. Thus [thought] certain of the ancients in Aristotle (On the Heavens bk. 2, text 45 and 56)—to whom are referred all who said the stars are fed by moisture, namely Homer, Anacreon, Virgil, Lucretius, Pliny, Manilius, Seneca, Metrodorus, and others adduced by our Lorinus (on 2 Peter 3).


[Margin: Cicero.]



The same thought Cicero, with those learned in physical matters, when (On the Nature of the Gods bk. 2) he said: "But the stars hold the ethereal place; which, since it is most thin, and is always in motion and vigor…"; and shortly after: "Nor do they have ethereal courses, nor [are they] inhering in the heaven, as very many say who are ignorant of physical reasoning. For the nature of the ether is not such that, embracing the stars by its own force, it whirls them around; for the ether, thin and translucent and suffused with an even heat, does not seem sufficiently apt for containing the stars. The fixed stars, therefore, have their own sphere, separated and free from ethereal conjunction."


[Margin: Pliny.]



Of the same opinion Pliny seems to have been (bk. 2, ch. 5), where by the name "spirit" he understands both air and ether; in which sense (ch. 6) he says: "Between the earth and the heaven, suspended by the same spirit [air], separated by fixed intervals, are the seven stars which from their movement we call wandering."


[Margin: Vitruvius.]



But Vitruvius too (bk. 9, ch. 4) sufficiently indicated that at least that part of the heaven through which the Planets travel is free and fluid, when he said that Mercury and Venus go around the Sun, crowning the center itself, [and] stand still, [and] go backward; and that the seven planets make their journeys, as if through channels, against the diurnal motion.


[Margin: Hyginus.]



Hyginus likewise (bk. 1 of the Poetic Astronomy), enumerating the sum of the things he had written, says: "Then we set forth whether the Sun would be turned, fixed with the World, or would be moved by itself; and since it is moved by itself, and goes against the risings of the twelve signs—why [should it] rise and set with the World?" Then (bk. 4) he tries to prove that the Planets are not moved as [things] fixed in the heaven—by an argument indeed not at all necessary, yet revealing his own opinion—saying: "But as I said before, we shall now go on at once to speak of the course of the Sun. For it is necessary that the Sun either be moved by itself, or be turned with the world, remaining in one place. But if it remained [fixed], it would necessarily set and rise in the same place where it had risen the day before, just as the [fixed] signs rise and set in the same place, etc. If, therefore, it rises and sets in different places, it is necessary that it be moved, not stand still"—that is, [that it] not be moved with the World, but by itself and freely.


[Margin: Germanicus.]



With whom agrees Germanicus, the interpreter of Aratus, saying: "It is agreed that the Sun is moved by itself, [and] not turned with the World."


[Margin: Manilius.]



And (bk. 1 of the Astronomica) Manilius indicates [it], when, on the motions of the stars, he says: "All things are passable"; and again: "When the Moon and stars flit through the empty spaces of the world."


[Margin: Seneca.]



Most manifestly Seneca teaches that Comets and stars travel freely through the liquid ether, and rejects the opinion of Artemidorus, which builds a hardness into the heaven, as is clear in bk. 7 of the Natural Questions, ch. 12, 13, 14, 15, 23, and 24.


[Margin: Ptolemy.]



And Ptolemy, St. Thomas reckons in this very class (Prima Pars, q. 70, art. 1), in these words: "It must be said that, according to Ptolemy, the luminaries are not fixed in spheres, but have a motion separate from the motion of the spheres." Where the Holy Doctor leaves it free for anyone to think [as he wishes] about the hardness or liquidity of the heaven. So Dionysius the Carthusian (on ch. 1 of Genesis, art. 10), on those words, "Let there be Luminaries in the firmament," says: "Plato in the Timaeus says the stars are not fixed in the firmament, but travel and lead a dance in it; and in this Ptolemy followed Plato; whence they say that not the heaven, but the stars of the heaven, are moved and carried around." Likewise Vielmius (On the Six Days, lecture 20): "It is certain that Ptolemy, the chief of Astronomers, by no means affirmed that the Eccentrics and Epicycles really exist." And the same about Ptolemy, for the liquidity of the heaven, think Cornelius a Lapide (on the 2nd Letter of St. Peter, ch. 3) and Scheiner (bk. 4 of the Rosa Ursina, part 2, ch. 29), who, about to bring forward Ptolemy himself, wittily says: "Let Ptolemy come forth and speak for himself, for he is of the age of 1498 years, and, hoary, still lives in much wisdom—he lives, I say, because Ptolemy himself, in the preface of the Almagest, says: 'The teaching of man is the companion of his intellect, and his intercessor among men; and he who has vivified knowledge has not died.'" Now indeed Ptolemy (bk. 13 of the Great Construction [Almagest], ch. 2), when he saw that the ways of the Planets would seem difficult to many, says: "Those bodies are divine, which suffer no impediments either from others or from themselves"; and shortly after: "especially since their nature is endowed with no power of resisting at all, but accommodates itself with the highest proportion and facility, and, by yielding, gives place to the motions that are according to nature—even if they be found contrary to one another—so that all the flowings [currents] are able to permeate and pass through any [bodies] whatever." That Ptolemy then judged the heaven to consist of all the elements, Raphael Aversa affirms (vol. 2 of the Philosophy, q. 33, sect. 1).


[Margin: The Rabbis. Gilbert. Neander. Peucer. Tycho.]



Moreover, the fluidity of the heavens is expressly asserted by many Rabbis (in [the report of] Jacob Naclantus, in the Medulla); William Gilbert (On the Magnet bk. 6, ch. 3); Michael Neander (in the Astronomical Elements, ch. 4); Caspar Peucer (in the Tychonic Letters, p. 157); and in the same [Letters] Christopher Rothmann (p. 149); Tycho, as we shall soon see, in the letters (p. 149), and vol. 1 of the Progymnasmata (p. 794), and vol. 2 (p. 268)—whose words we shall report under the 5th opinion, in which some place him.


[Margin: Longomontanus. Kepler. Galileo. Scheiner. Maestlin. Gemma. Wittich. Raymarus. Chinese Mathematicians.]



Longomontanus (ch. 5, On Comets; and in the Danish Astronomy, bk. 1 of the Theorics, ch. 1, folio 161, and ch. 4, folio 220), teaching that the Fixed [stars] too, no less than the Planets, are balanced in the most limpid ether—just like the Earth in the air—and are not moved, lest they be torn apart from one another in the expanded firmament: which would not be feared if they were [stars] fixed in solid spheres. Kepler (in [the commentary on] Mars, ch. 4; [and] in the Epitome of Copernican Astronomy, pp. 53, 142, 495) says that the single heaven of all the stars consists of the most tenuous ethereal breeze. Galileo (in the Sidereal Messenger; in the History of the [Sun]spots; in Dialogues 1 and 2 On the System of the World); Christopher Scheiner (bk. 4 of the Rosa Ursina, part 2, from ch. 26 to 30); and with him Cornelius Gemma, Wittich, Maestlin, Nicolaus Raymarus [Ursus], [and] Horatio Grassi—the last adding (p. 765) that the old opinion of our [men] among the Chinese, about the hardness and simplicity of the Planetary heavens, is held [by the Chinese] to be exotic, new, and vain, nor do they suffer themselves to be moved from [it] by the opposite [view].


[Margin: Cecco. Michael Scot. Origanus. Mariana. Celada. Descartes. Aversa. Boulliau. Téllez. Hevelius. Snell. Stevin. Gassendi. Crüger. Eichstad. Linemann. Pena. Cysat. The Parmesans. Bellarmine.]



[Likewise] Marin Mersenne (on Genesis, pp. 836 and 843); Cecco [d'Ascoli] (on the Sphere), saying that the orbs of the Planets are neither continuous nor contiguous, but hold a middle way, and that there is between them a body which receives compression; and Michael Scot (in the Questions on the Sphere, p. 105) says that "solid" is said in three ways: one, [that] which is hard like earth; second, [that] which is continuous, as are the rest of the elements and the supercelestial bodies; third, [that] which has the threefold dimension. Origanus (in the preface to the Ephemerides), Mariana (on Genesis ch. 1, verse 12), Celada (in the same place), René Descartes (part 3 of the Philosophy, num. 24), Raphael Aversa (vol. 2, q. 34), Bullialdus [Boulliau] (bk. 1 of the Philolaic Astronomy, ch. 2 and 4), Téllez (disp. 40, Physics, sect. [—], num. 16 and 21; and disp. 44, sect. 3, num. 5), Aristarchus [of Samos] (edited by Wallis, p. 23), John Hevelius (ch. 7 of the Selenography)—and in his [work] Snell, Stevin, Gassendi, Crüger, Eichstad, [and] Linemann; likewise John Pena (in the preface to the Optics), [and] John Baptist Cysat (On the Comet of the year 1618), affirming that Comets pursue their courses in the most limpid expanse of the ether. And the same opinion our Professors first defended in the theses published at Parma in 1613 (theses 742, 743, 783); and that Bellarmine was of the same opinion, Federico Cesi testifies (in the letter to Faber, in Scheiner, Rosa Ursina, bk. 4, part 2, ch. 27).


[Margin: 3. Opinion, positing the same heaven partly solid, partly fluid.]



The third opinion distinguishes the same heaven into a solid part and a fluid part, positing channels in any Planetary heaven, full of air or of a subtle and thin breeze, through which the Planets can travel—as Hurtado posits (disp. 2, On the Heavens, sect. 1; though see also disp. 1, sect. 5, paragraph 29). But St. Bonaventure (on [Sentences] 2, dist. 14, part 2, art. 1, q. 1) teaches that the Luminaries are placed in several orbs, but [orbs that are] continuous and movable and apt for motion; and that the diversity of [their] motions does not remove the continuity of those orbs, just as it does not remove [it] in water and in air. From which words Tanner and Amicus gather that he [Bonaventure] acknowledges the heavens of the Planets to be in part soft and fluid.


[Margin: 4. Opinion, that only the outermost heavens are fluid.]



The fourth opinion is that of our Father Nicolaus Cabeus (on bk. 1 of the Meteorology, text 37, q. 6; and bk. 2, text 11, q. 4), where he thinks it more probable that the heaven of the Fixed [stars] and the heaven of the Moon are solid, so that the starry heaven may thus be enclosed on both sides by a stable boundary; and because we have no argument of fluidity in these heavens from the—


[…continues on p. 240 (PDF 275): "…celestial Phenomena, such as we have for the fluidity of the remaining heavens enclosed within [those two]. But he is moved chiefly to suspect this, lest the exhalations of earth and sea, and the volatile salts, flying up into infinity, be consumed, never returning to ferment the earth—but rather be prevented by the hardness of the Lunar heaven from going upward, and be driven back downward." Then follows the 5th opinion (Tycho).]





(printed p. 240 — Chapter VII continued, completing the 4th opinion, that of Cabeus: there is no argument for the fluidity of the two outermost heavens from the celestial phenomena, as there is for the heavens enclosed within them. Cabeus is chiefly moved to suspect a hard Lunar heaven lest the exhalations of earth and sea fly upward and be consumed, rather than being driven back down to ferment the earth.)


[Margin: 5. Opinion: the heaven of the Fixed [stars] solid, the Planetary [heavens] fluid.]



The fifth, and now most celebrated, opinion is that the Heaven of the Fixed stars is solid, and that the non-wandering stars are fixed in it like nails or knots; but that the heavens of all the Planets are fluid. Which distinction, so far as I know, Empedocles first handed down; for Plutarch says (On the Opinions bk. 2, ch. 13): "Empedocles [held] the non-wandering stars to be bound into the crystal, but the wandering ones to be loose"—with whom Anaximenes seems to agree; for Plutarch goes on thus (ch. 14): "The Stoics [held] the stars to be globular, just as also the world and the Sun and the Moon; Cleanthes [held them] conical [top-shaped]; Anaximenes [held them] fastened, in the manner of nails, to a certain crystalline [vault]." There are those who think them to be fiery plates, like ornaments: where he seems to report opinions about the stars [as] distinct from the Sun and Moon and the other wanderers. Plato too called the non-wandering stars "Adhering," as Plutarch has it (On the Opinions bk. 2, ch. 15); wherefore that which the Carthusian says (on Genesis, art. 10), "Plato in the Timaeus said the stars are not Fixed in the firmament, but travel and lead dances in it," is to be understood of the Planets. After these, Richard of St. Victor (bk. 2 of the Exceptiones, ch. 7) expressly said: "The lights of the stars are shown [to be] fixed in the firmament, except for the seven Planets." And St. Anselm (bk. 1 On the Image of the World, ch. 24) says that the ether, in which the seven Planets are moved, is as much thinner and subtler than air as air is thinner than water; and that in it the seven stars are moved wanderingly, although they are carried off by the Firmament—just like a fly on the wheel of a Mill, etc.


[Translator's note: the work On the Image of the World (De imagine mundi) is not St. Anselm's, but Honorius Augustodunensis's—the same misattribution noted earlier (p. 206).]



Junilius too, in the Hexaemeron, distinguishes the Firmament, in which are the Fixed [stars], from the ether—which he affirms to be similar to pure air—and says that it [the ether] extends up to the stars of the firmament, and that in it the seven wandering stars are carried wanderingly; whose words, as also Anselm's, I reported in ch. 2, q. 2, at the end of number 4. Among the more recent [writers], the same distinction is indicated by Philalthaeus (On the Heavens 2, text 46), John Anthony Delphinus (On the Celestial Globes and Motions, p. 80), [and] Antonius Mizaldus (in the Planetologia); Tycho too is adduced by some. But he calls the heaven "liquid" indefinitely, in the Letter to Rothmann of the year 1587, January 20, p. 60; and of the year 1588, August 17, p. 106; and in others, pp. 109, 120, 137, 152—from which it is established that Rothmann too was of the same opinion, namely that the heaven in which the Planets are moved is most liquid and not at all hard; granted that Rothmann [holds] it to be airy, [while] Tycho determines [it to be] ethereal and of a nature different from the elemental. The same opinion he also inculcates (vol. 1 of the Progymnasmata, pp. 92 and 641), in all which places he explodes [rejects] real orbs. But (vol. 1 of the Progymnasmata, p. 794), treating of the matter from which the new star of the year 1572 was compacted—and which he had often said was in the Eighth sphere—he says:


For although the whole heaven is something most tenuous, and everywhere pervious to the motion of the stars without any obstacle, yet it is by no means altogether incorporeal (otherwise it would also be infinite and place-less). The matter of the heaven itself, therefore—as most subtle, and pervious to our sight and to the powers of the Planets—was nevertheless able, condensed and compacted into a single globe, and illumined by a light if not its own, at least the Sun's, to form this star.



And shortly after:


And although, in the whole vastness of the celestial World, matter for the forming of some adventitious star is, in my judgment, abundantly at hand, yet nowhere more copiously and fully than along the Milky Way, etc.



Therefore, although he once said that the heaven is pervious to the motions of the Planets, yet because he said universally [that it is] pervious to the motions of the Stars, and called the whole heaven such—and that signally, in which are the stars of the Milky Way—he acknowledged the heaven of the Fixed [stars] too [to be] liquid; and accordingly he is to be numbered among the authors of the second opinion. Yet in this fifth opinion were Tassonus (bk. 2, query 3); Blancanus (in [his] Sphere), attributing spiral and free motions to the Planets, but to the Fixed [stars] a motion [conformed] to the motion of the Firmament; Fortunius Licetus (bk. 5 On New Stars, ch. 50); John Camillus Gloriosus (bk. 4 On Comets); Fromondus (bk. 3, Meteorology, ch. 1), Paulus Aresius (bk. 1 On Generation, q. 23, sect. 8), Hugh Sempill (bk. 10 On the Mathematical Disciplines, ch. 1), Francisco Oviedo (the single controversy On the Heavens, point 3, paragraph 4), Rodrigo Arriaga (the single disputation On the Heavens, num. 41), and John Baptist Zupus (in Amicus, tract 5, On the Heavens, q. 5, art. 2); and Mastrius and Bellutus think this very probable (disp. 2, On the Heavens, q. 1, num. 38). All these, I say, assert the heavens of the Planets [to be] fluid; but concerning the heaven of the Fixed [stars], they either affirm it [to be] solid, or only adduce arguments of fluidity which fit the Planetary heavens alone—which holds also of many [authorities] adduced for the 2nd opinion. It must be noted, however, that most followers of the Copernican sect attribute no motion to the Fixed stars; and because they think the earth, like a Planet, is moved in the heaven around the Sun, the center of the world, they accordingly acknowledge the whole Planetary system [to be] thin and permeable—which also of old Aristarchus, and certain Pythagoreans, posited for the same cause.


[Margin: Ptolemy, an asserter of fluidity.]



But that Ptolemy is to be numbered in this fifth class, we shall teach in sect. 2, ch. 2, num. 3; and it is sufficiently clear from the Almagest (bk. 13, ch. 2); and St. Thomas expressly teaches [it] (Prima Pars, q. 70, art. 1, ad 3), and the Carthusian (on Genesis, art. 12).

The Arguments for the Solidity of All, or of Some, of the Heavens are Examined; and their Solutions


[Margin: 1. Argument, from Sacred Scripture.]



[III.] The first argument is sought from Sacred Scripture; for the heaven, in Genesis 1, is called "Firmament," from the word Raquiah, which signifies a firmament, or indeed an expansion or extension, but [one] with firmness and solidity; and therefore it was rightly rendered by the 70 Interpreters [the Septuagint] stereōma (στερέωμα), that is, "solid," as I have taught at length in ch. 2, from number 2—where [I showed] also that that [saying] of Elihu in Job 37, "Thou perhaps hast made the heavens, which are most solid, as if cast of bronze," has great authority, because in it he was not rebuked by the Lord, and other opinions of Job's friends were adduced by the Apostles to confirm their own statements. Reread there what was said. But also in Job 14 it is said: "Until the heaven be worn away"; and Isaiah 51: "The heavens shall melt like smoke"; and to the Hebrews 4: "Who has penetrated the heavens"—but what is worn away, melts, and is penetrated, presupposes [something] solid.


[Margin: 1. Response.]



It can be answered, however, that the name Raquiah, among not a few skilled in the Hebrew tongue, sometimes signifies mere expansion; and that some Fathers and interpreters, by the name "Firmament," understood not something hard, but a stable, durable, and impassable boundary between the upper and lower waters, as I taught in ch. 2, num. 2 and num. 5, confirming it by the authority of Sts. Basil, [Gregory of] Nyssa, [and] Augustine, and likewise of Albertus Magnus and Tostatus [the Abulensis]. And [it can be answered] that the words of Elihu are not those of the Canonical writer himself, since many of his sayings were rebuked by the Lord: for when Elihu had spoken from ch. 32 to 37 inclusive, immediately in ch. 38 it is said: "But the Lord, answering Job out of the whirlwind, said: Who is this that wraps up sentences in unskilled words?"—where the Lord, although he speaks to Job himself, yet designated Elihu and his many sayings [uttered] unskillfully, although mixed with true opinions; nor is that opinion of Elihu found confirmed by any canonical writer. Wherefore the Carthusian undeservedly called this an inviolable authority of canonical Scripture (on [Sentences] 2, dist. 14, q. 3); and that special rebuke by the Lord of Elihu's sayings suffices—granted that in ch. 42 he [Elihu] was not again reproved, but only the three former friends of Job, namely Eliphaz, Bildad, and Zophar, in these words: "But after the Lord had spoken these words to Job, he said to Eliphaz the Temanite: My wrath is kindled against thee, and against thy two friends, because you have not spoken before me the thing that is right, as my servant Job [has]." Nay, it suffices that those words [of Elihu] were not uttered by the person of the Canonical writer himself, nor approved by any other canonical writer—so that they can be rejected as outside the canon of infallible authority. And by the word "to melt like smoke," and "to be worn away," is signified the corruption of the pristine form, which will vanish and be consumed at the end of the World. Nor indeed do solid [things] alone melt, or are subject to wearing-away, since wax too, and oil, and clouds melt, and the air itself and water, when struck by the winds, give forth a sound. Finally, the impenetrability of which the physicists [speak] belongs also to fluid bodies; wherefore, if Christ penetrated the heavens, using the endowment of a glorified body, it was a great miracle—whether he penetrated fluid or solid heavens; but [it was] without doubt greater, if [he penetrated] also some—


[…continues on p. 241 (PDF 276): "…heaven that is hard, of which sort it suffices that the heaven of the Fixed [stars] be. Therefore, neither from these passages of sacred Scripture (which are the principal ones), nor much less from others, is it necessarily gathered that all the heavens are solid." — Then the 2nd argument, from the authority of the Fathers.]





(printed p. 241 — Chapter VII continued, completing the 1st Response: even if Christ penetrated some hard heaven, it suffices that the heaven of the Fixed stars be such. Therefore neither from the principal passages of sacred Scripture, nor much less from others, is it necessarily gathered that all the heavens are solid.)


[Margin: 2. Argument. The authority of the Fathers.]



[IV.] The second Argument is drawn from the Authority of many Fathers and Doctors of the Church, asserting in the most express words that the Firmament was so made by God in the midst of the waters that it congealed from the waters consolidated in the manner of ice, or of crystalline stone, or of an eggshell, or of a vault and wall—as is clear from their words faithfully recited in ch. 2, from number 3. And these indeed are not only Josephus the Hebrew, but Pope Clement (speaking from the mind of St. Peter), Tertullian, Caesarius, Jerome, Chrysostom, Acacius, Severian, Claudius Marius Victor, Gennadius, Theodoret, Junilius, Procopius, Olympiodorus, [Walafrid] Strabo, Anselm of Canterbury, Anselm of Laon (author of the Interlinear Gloss), Peter Comestor, the Master of the Sentences, Hugh Carensis, [and] the Carthusian: indeed, how many, I ask, and what [great] men? Nor does St. Augustine, reporting this opinion (bk. 2 On Genesis to the Letter, ch. 1), dare to condemn it.


[Margin: Response.]



It is answered, however, that many other Fathers and Doctors of the Church, adduced by us in ch. 2, q. 2, stand for the fluidity of the heaven—as we make clear [liquidum facimus] from their words reported in the same place. And therefore one of two [things] must be concluded: either that it is free to follow whichever opinion [one wishes], or rather that they are to be reconciled thus—that the former be understood of one heaven only, namely the Eighth sphere, [and] the latter of the heaven of the Planets, as we have already done (ch. 3, Conclusion 4), having adduced the foundations of this distinction.


[Margin: 3. Aristotle's argument, and the Response.]



[V.] The third Argument is Aristotle's (On the Heavens bk. 2, ch. 7), where he says it is congruous to reason that the heaven be of the same body as the star; but every star is solid; therefore also the body of the heaven, of which it is [part]. But, granted that the heaven and the Star which is in it were conceded to be of the same matter, yet it is denied that they have the same conditions; otherwise, because the star is luminous and opaque, the whole heaven too would have to be luminous and opaque.


[Margin: 4. Argument. The Conimbricenses.]



[VI.] The fourth Argument. If the heaven, in which the stars are moved, were fluid, and a vacuum or the penetration of bodies be not admitted, it would follow that, at the motion of the star, either the whole heaven fluctuates [is set in waves], or [that] part of the heaven, pushed by the star, is condensed, while part, deserted by the star, is rarefied: but condensation and rarefaction are repugnant to the heaven, and are an indication of corruptibility; and the same holds of that fluid body with which the channels would be filled—[the channels] admitted by some [authors] in that portion of the heaven through which the stars are moved.


[Margin: 1. Response. Admitting the penetration of celestial bodies.]



Some would answer that in luminous and celestial bodies a mutual penetration can be admitted, whether they be fluid or not; which John Provenzalis admits (Quodlibet 3, q. 7); nor does Punch refuse it (disp. 22, Physics, num. 52 and 55), nor Amicus (art. 5, num. 25); and certain Mathematicians [do so] in St. Bonaventure (on [Sentences] 2, dist. 14, part 2, art. 1, q. 2), who says: "Others say that that body is not cleft, and the Planets pass through; for a body of light can be together with another body"; and in Albertus Magnus (Summa, part 1, q. 4, art. 19), where he says: "Certain of the ancients said that the Eccentrics and the stars pass through the body which is between the spheres, and yet do not divide it; and this happens because of the formality [formal nature] of those bodies, just as light too passes through air." Nor were there a few among the ancients who thought light to be a corporeal substance, which nevertheless penetrates diaphanous bodies.


[Margin: 2nd & 3rd Response.]



Others, however, could answer either that that whole tract of the heaven, or the Zone in which is the path of the planet, fluctuates; others, again, will concede rarefaction and condensation in the heaven, and will deny that it is a property belonging to a corruptible body alone—for, granted that that [rarefaction/condensation] which arises from heating and cooling seems such [a mark of corruptibility], yet that which comes about from mere local motion is common to a corruptible and an incorruptible body, since density of itself includes nothing but a multitude of parts in the same space, and rarity [nothing but] a fewness [of parts].


[Margin: 4th Response.]



Others, finally, granting but not conceding this [to be] an indication of corruptibility, will deny that the starry heaven is an incorruptible body, according to what was said in ch. 6, num. 4.


[Margin: 5. Tanner's argument.]



[VII.] The fifth Argument is drawn from sound: For it could scarcely be avoided, says Tanner, that an enormous sound would be excited by the stars, if such vast bodies should, with so incredible swiftness, break through a liquid body by collision; for it is established that our air, when stones are hurled by the whirling of a sling, hisses horribly, and that the same [air], scourged by thongs swiftly bent this way and that, resounds.


[Margin: 1. Response.]



Tycho would answer this argument (in the Letters, p. 106): if the celestial orbs were solid, then—whether they collided mutually by immediate friction, or air were enclosed between them—from the most violent motion of the stars an enormous sound would be emitted, which would strike our hearing too. But Rothmann would answer better (in the same letters, p. 121), by denying that that sound, if there were any, would reach our ears—both because of the rarity of the ethereal breeze, and because of the enormous distance; for he himself had been in a place five miles distant from another place in which a most violent wind had overturned buildings and trees, and yet that sound had not been heard by him; but the air which is near us, on account of the watery thickness mixed [in it], and on account of [its] nearness, renders the sound perceptible to us. And indeed, who of us perceives the crash and roar accompanying thunderbolts from a distance of 10 or 20 miles?


[Margin: 2nd & 3rd Response.]



Oviedo adds that, just as within water no sound is made by the motion of fishes—because the medium is not thought apt for the species [transmission] of sound—so neither are the heavens apt for it. Finally, the very asserters of solid orbs must answer why the fire and air, from the turning of the Lunar heaven, do not give forth a perceptible sound.


[Margin: 6. Argument, of Aristotle and Pererius.]



[VIII.] The sixth Argument, indicated by Aristotle and inculcated by Pererius, is taken from the multiplicity of motion; for it is impossible that the same body be moved by several motions, and indeed contrary [ones], as it is established that the Planets—nay, also the Fixed [stars]—are moved, unless they be moved by one motion of themselves toward one region, but moved by the rest [of the motions] in accordance with the motion of a solid body to which they are affixed, or on which they sit.


[Margin: Response.]



It is answered by denying the antecedent: for that can come about through a spiral, or quasi-spiral, motion—in a manner indicated elsewhere (bk. 7, sect. 1, last chapter), and to be expounded below in this book, in the second section. Then, even if a solid body were required for it, it would not necessarily be solid; for fishes too, carried down by a rapid river, can nevertheless strive upward toward the source of the river. Clavius proposes this argument otherwise (on ch. 4 of the Sphere, p. 449); for he says: if [the planets] were moved like fishes and birds in a fluid, the motion of the planets would be free and too wandering, and thus there would be no certain knowledge of their motions—as if, forsooth, they could not be moved by an Intelligence in a fluid, the laws of [their] motions being nevertheless preserved.


[Margin: 7. Argument, of Tanner and Punch.]



[IX.] The seventh Argument, which Tanner and Punch use, is of this kind. It is impossible, or too difficult, that the Intelligences should move the stars with so great a velocity, and with so perpetual and constant a uniformity, except by means of solid orbs; for otherwise, since they cannot move bodies distant from themselves, they would have to be moved together with them at equal velocity. But this seems absurd.


[Margin: Response.]



It is answered by denying [both] the major and the minor [premise]; for neither is it repugnant that an Intelligence, residing in a single place, should impress on the star such and so great a motion that it lasts in its vigor and intensity until [the star] revolves back to the same place, in which it receives the impulse of motion from it; nor, likewise, is it repugnant that the Intelligences be moved together with the stars—for there is no danger that they either grow weary, or at length disdain to serve their Creator in this ministry. But in which of the two ways they move the Stars is to be investigated in the following section.


[Margin: 8. Tanner's argument.]



[X.] The eighth Argument. If solid orbs be not conceded, it will be necessary, for moving the celestial bodies, to multiply innumerable Intelligences—indeed as many, says Tanner, as there are Fixed stars, and as many as there are spots of the Sun.


[Margin: Response.]



It is answered by denying the antecedent; because the heavens of the Planets can be posited [as] liquid, and the heaven of the Fixed [stars as] solid, movable by one or a few Intelligences; while the spots around the Sun, since they are bodies very near to it and erupting from it, are easily carried around by the very whirling of the Sun—or, [if] those nearer to one another [be considered], a single Intelligence [could] preside over and direct [them], if an Intelligence be said to be needed for these things. But as regards the Planets, the asserters of solidity multiply far more entities of Eccentrics and Epicycles.


[Margin: 9. Tanner's argument.]



[XI.] The ninth Argument. Solidity of the orbs being admitted, the Divine artifice shines forth more in the machine of the heaven, [composed] of so many and various orbs, like a clock skillfully com—


[…continues on p. 242 (PDF 277): "…compacted, and in which, as gems in rings, the stars are set; and [thus] is better preserved that subordination of influences and motions in the lower heavens with respect to the higher, which both St. Dionysius the Areopagite and our Holy Patriarch Ignatius (in the letter On Obedience) supposed." — to which it is answered that this artifice shines forth none the less if God, from the beginning, has infused the species and idea of the motions into the Angelic minds, by force of which they can certainly and infallibly move the Planets and direct them to their ends.]





(printed p. 242 — Chapter VII continued, completing the response to the 9th solidity argument: the heaven is likened to a skilfully compacted clock in which the stars are set as gems in rings, and a solid heaven better preserves the subordination of influences and motions of the lower heavens to the higher, as St. Dionysius the Areopagite and St. Ignatius supposed.)


[Margin: Response.]



It is answered, however, that this artifice shines forth none the less if God has, from the beginning, infused the species and idea of the motions into the Angelic minds, by force of which they can certainly and infallibly move the Planets and direct [them] to their ends; yet in such a way that the lower [Intelligences] regard the higher, and strive to imitate something in them. For this artifice is rational and intellectual, which is assuredly nobler than a mechanical one. Just as a painter would be far more excellent who drew a perfectly straight line without any ruler, or a most perfectly round circle without a compass, than one who could [do] neither without the aid of ruler and compass. Nay, if the Orbs of the Planets consisted of solid Eccentrics and Epicycles, either the artifice would be greater if they were moved of themselves without an Intelligence, or [else] there would be no need of an Intelligence of excellent knowledge, but only of a moving power. But the good Father Tanner—a German man, too much attached to those horary [clock] machines perfected in Germany—seems to have been able to imagine nothing more excellent as regards this matter. I said "perfected," because it is known to us that Gianello of Cremona, the Architect (or, as they call [it], the Organ-maker) of Charles V, began at Cremona, in his own house, to sketch out the machine of the Horisonian Clock; which afterward some German or other, having inspected it, perfected and reduced to a better form—which is to be ascribed to no small praise.


[Margin: 10. Argument.]



[XII.] The tenth and last argument Palingenius indicates (in "Aquarius"); which, reduced to form, is such: The longer anything lasts in its state, the more hard and solid it is, and conversely; but the heaven lasts in its state from the beginning of the world to the end; therefore the heaven is most hard.


[Margin: Response.]



But the major proposition is denied, if other things are not equal: for neither is earth more durable than water and air as a whole, nor an apple [more durable] than oil, nor the flesh of dead animals [more durable] than water drawn off drop by drop. The verses of Palingenius are written below:


But the heaven is eternal, thus is consumed by no age;
But since the things that are harder are [also] more long-lasting,
And are less harmed; therefore the ether is hardest,
[harder] than adamant, so that it scorns iron and fire,
And every force, except the Lord's, by whom it itself was founded.



The Arguments for the Fluidity of the Heavens are Weighed, and Responses to them are Adduced


[Margin: 1. Argument. The authority of Sacred Scripture.]



[XIII.] The first Argument is the authority of the divine writings; for it is said in Isaiah 51: "The heavens shall melt like smoke"—where the Septuagint reads, "The heaven is made firm like smoke"; following which version St. Basil says (homily 1 of the Hexaemeron): "But concerning the substance of the heaven, those things satisfy us which were said by the Prophet Isaiah, who in common words opened to us a fitting sense of its nature, when he said: who made firm the heaven like smoke"—that is, who produced [a heaven] of a thin nature, neither solid nor thick, for the composition and substance of the heaven. Moreover, Sacred Scripture never attributes motion to the heaven except by way of miracle—as when it is said in Isaiah 34: "The heavens shall be folded together like a book"; and Joel ch. 2: "At his presence the earth trembled, the heavens were moved"; and ch. 3: "The heavens and the earth shall be moved." But whenever there is talk of the natural motion of the stars—such as of the Sun and Moon—it is never attributed to the heaven, as is clear to one reading Sacred Scripture, and the passages which I already reviewed in ch. 2, num. 5.


[Margin: 1. Response.]



It can be answered that that version of the 70 [Septuagint] does not outweigh the Vulgate, [or those] of St. Jerome, Pagninus, Vatablus, [and] Arias Montanus; and that the simile of smoke is not apt for explaining firmness; and that [the verse] should rather be translated, from the Hebrew word Racha [רקע], "they are expanded" or "they shall be expanded"; or [that] the sense is that the heavens do not have, according to the form and conditions of the present time, a greater duration than smoke has, but that they too are to be transmuted very soon: just as in Psalm 36 [37] it is said, "As smoke they shall vanish"; and Psalm 101 [102], "My days have vanished like smoke." Moreover, Sacred Scripture expresses [in motion] only that of the Sun and Moon, because that [motion] alone is manifest to the common [people] and strikes the eyes; and the Planets are those for whose sake the heavens are moved, if they are moved—just as a horseman, or one carried in a chariot, is said to arrive in the city, even though his horse too, or the chariot, has arrived. It can happen, therefore, that the heavens too are moved, and yet that Scripture keeps silent about their motion, as being less sensible and less principal; which response is that of Pererius (On Genesis bk. 2, q. 9), Martinengus (in the Gloss on Genesis, p. 1019), and Amicus (above, art. 5).


[Margin: 2. Response.]



It could be answered, secondly, that even if the stars were moved while the heaven [remained] unmoved, it would not follow from that that the heaven is liquid; for someone could admit, with Arriaga (the single disputation On the Heavens, num. 26), a vacuum in the heaven through which not only the stars but also the Epicycles are carried—for he says that a vacuum is impeded by God only in sublunary [things]—or, if this is too bold, [could] admit the penetration of the stars with the heaven, which others, already named under number 6, have admitted.


[Margin: 2. Argument. The authority of the Fathers.]



[XIV.] The second Argument is the Authority of 30 Fathers and Doctors, in [the report of] Father Schomberger; of whom some denied the Firmament to be solid with a solidity including hardness, while others affirmed that the Planets are moved by themselves in the heaven, the heaven itself [remaining] unmoved—and accordingly are moved like birds in the air, and fishes in water—and thus that the heaven is liquid: whose words I have already reported in ch. 2, q. 2. For to say, as Amicus says, that they [the Fathers] only deny to the heaven such a solidity as elemental bodies have, is forced and arbitrarily said; otherwise the same could be said of the solidity of the heaven, which he himself strives to confirm from the Fathers.


[Margin: 1. Response.]



It could therefore be better answered that many other Fathers stand for solidity, and therefore [that] either it is free to follow whichever side, or [that] they are to be reconciled, in such a way that some asserted the solidity of the supreme heaven—that is, of the Fixed [stars]—chiefly or solely, while others [asserted] the fluidity of the Planetary heaven: how much foundation this distinction has in the Fathers, I have already made plain in ch. 3, Conclusion 4.


[Margin: 2. Response.]



It is answered, secondly, that from those who say that the Planets are moved while the heaven [is] unmoved, the fluidity of the heaven does not follow; because one could admit either a vacuum in the heaven, or the penetration of bodies, according to what was said under number 6, and toward the end, num. 13.


[Margin: 3. Argument, from the superfluity of motions and instruments.]



[XV.] The third Argument. So many real and solid orbs of the Planets, and their motions, are multiplied in vain—nay, not only in vain, but with danger of mutual collision and impediment, given so great a variety of motions; or at least, without necessity, we are compelled to weary the imagination in conceiving so many real and solid Epicycles, Eccentrics, Concentrics, Eccentr-Epicycles, carriers, counter-carriers, deferents, counter-deferents, etc. Finally, it seems incongruous to the divine Wisdom that, on account of the motion of a single Planet—say Saturn, which can most easily be moved by itself or by an Intelligence—there should be moved so great and so vast a machine as is the whole heaven of each Planet, which, compared to its own heaven, is but as a point, and is smaller than a drop is in respect of the Ocean; just as it would seem incongruous, if, on account of the motion of a single little drop of water, the whole Ocean (which otherwise would remain immobile) were moved; or if, to move an ant, the whole earth had to be displaced. By which argument—concerning a fitness partly physical, partly moral—Arriaga (the single disputation On the Heavens, num. 53), being moved, yielded so as to assert that it is more probable that the heavens of the Planets are liquid.


[Margin: Response.]



Nevertheless Tanner and Amicus answer that in the structure of these Machines, and in the subordination of motions, the artifice of the supreme Workman, and his Omnipotence, and the power of the Intelligences divinely communicated [to them], for perpetually setting in motion such vast bodies, appears more [strikingly].


[Margin: 4. Argument, from the trajectory of Comets.]



[XVI.] The fourth Argument is taken from the manifold and wandering motion—that is, the free and oblique trajectory—of those Comets which Tycho and others are reckoned to have demonstrated to have been generated and moved above the Moon; for [that] this was demonstrated by the Astronomers concerning many Comets, [these] thought—both those whom we adduced in bk. 8, sect. 1, ch. 23, and, on the occasion of this controversy about solidity, Scheiner (in the Rosa Ursina, pp. 740 and 765), Oviedo (num. 15), Téllez (disp. 40, num. 7), and in his [work] our Father Ignatius Stafford, a distinguished Mathematician, in manuscripts, and in Oviedo our Eusebius [Nieremberg] (bk. 6 of the Philosophy). Now, if the heavens were solid, their whole mass would have gone over into the Eccentrics, Concentrics, and Epicycles of the Planets, and there would remain no matter or place for the Epicycles of the Comets. Therefore, from the trajectories—


[…continues on p. 243 (PDF 278): "…of the Comets, the fluidity of the heaven was demonstrated by Tycho — so thought Kepler (Epitome bk. 4, p. 442), saying: 'Tycho Brahe refutes solid orbs by three arguments: one from the motion of the Comets; another from unrefracted Light; the third from the proportion of the orbs. For if the orbs were solid, the Comets would not be seen to cross from one orb into another…'" — followed by three responses (the most important being Riccioli's own bk. 8 case for supralunar comets).]





(printed p. 243 — Chapter VII continued, completing the 4th fluidity argument, from the Comets: Kepler, in the Epitome of Astronomy bk. 4, held that Tycho demonstrated the fluidity of the heaven from the trajectories of the Comets.)


Tycho Brahe refutes solid orbs by three arguments: one is from the motion of the Comets; another from unrefracted Light; the third from the proportion of the orbs. For if the orbs were solid, the Comets would not be seen to cross over from one orb into another, since they would be impeded by the solidity; but they do cross over from one into another, as Tycho demonstrated.

[Margin: 1. Response.]



Nevertheless Tanner, Amicus, and Hurtado answer that it has not been demonstrated that any Comets were above the Moon—which [denial] they indeed dared [to make] without discussing Tycho's arguments (deduced chiefly from parallax), not without danger of incurring ridicule or indignation from those skilled in Astronomy and Geometry. Wherefore, to this end too, I judged that as much labor was to be undertaken by us as you have already seen drained out [accomplished], by God's favor, in bk. 8, sect. 1—where at last, in ch. 23, I concluded that it has not indeed hitherto been absolutely demonstrated that any Comet was above the Moon, but that, on some highly probable hypothesis, it has been demonstrated.


[Margin: 2. Response.]



Therefore Tanner, Oviedo, Arriaga, and others (named in the same bk. 8, sect. 1, ch. 6, num. 12) answer, secondly, that both Comets and new stars are portents, divinely—and not without a miracle—created or made in the heaven, for arousing, terrifying, [and] warning Mortals, etc.; and that they could therefore also, in a supernatural manner—whether by penetration or by reproduction—cross over from one orb into another, however solid [the orb] be conceded [to be].


[Margin: 3. Response.]



Fracastorius would answer, thirdly (in the Homocentrica, sect. 3, ch. 23), that there is in the heaven of the Moon a certain orb serving the motion of the Comets in latitude—which Comets, however, he says are moved in the air; yet he acknowledges the difficulty of his response. Similarly, then, someone could imagine, within the orbs of the Planets, other and other orbs really distinct, and destined for the motion of the Comets. How arduous this is, let him judge who knows what we related about the motions of the Comets in bk. 8, sect. 1, ch. 3.


[Margin: 5. Argument, from the motion of the Satellites of Saturn (♄) and Jupiter (♃).]



[XVII.] The fifth Argument arises from the motions of the Satellites of Saturn and Jupiter; concerning which, [the things] are to be seen which I set forth in bk. 7, sect. 1, ch. 1 and 3, and in sect. 6, the last chapter; for so great is the variety in them, that around Saturn and Jupiter the solidity of the heaven does not seem able to be admitted, lest it impede such motions. But to say, with Tanner and Arriaga, that it is not yet certain whether [those bodies] conspicuous only through the telescope-tube are [merely apparent] rather than wandering—this is surely to show oneself less skilled in Astronomical matters. Wherefore the same [authors] answer better, that all those motions, since they are after all regular, can come about through peculiar Epicycles around Saturn and Jupiter, hollowed out in a larger Epicycle of Saturn and Jupiter.


[Margin: 6. Argument, from the motion of Mars (♂).]



[XVIII.] The sixth Argument arises from the motion of Mars; for we have already described its Spirals and convolutions, wonderfully perplexed and entangled, together with Kepler (bk. 7, sect. 1, ch. 8). Then, that it [Mars] is indeed carried above the Sun when it is around its own Apogee and conjunction with the Sun, but descends below the Sun and penetrates the Solar heaven when, become acronychal [at opposition], it tends toward [its] Perigee and toward opposition with the Sun—we showed both from the increase of [its] apparent magnitude at perigee, and from the parallax (which is required to be greater in it than in the Sun), so that the place of Mars, as to longitude and latitude—whether deduced from the tables or from the delineation of a Geometric hypothesis—agrees with the place then observed through exquisite instruments. This, I say, we showed—or [rather] we taught [it as] shown by Copernicus, Tycho, and Kepler—already in bk. 7, sect. 2, ch. 3, Scholium 4; and sect. 6, ch. 4, Scholia 3 and 4; and ch. 10, Scholium 1; where also we rebuked Tanner, Charles Malapert, and Bartholomew Amicus, [in] that, out of excessive love of the solidity of the Planetary heaven, they dared—without any examination of the Tychonic or Keplerian observations or demonstrations—to deny that descent of Mars below the Sun; which, however, can be gathered by those skilled in Astronomy and Geometry even from the mere comparison of the apparent diameter of Mars near apogee with its apparent diameter around perigee, as is to be seen from what we said in bk. 7, sect. 6, ch. 10, Scholium 1. Certainly Lansbergius, Magini, Galileo, Bullialdus [Boulliau], Gassendi, and all the most skilled of [those versed in] Astronomical subtleties yielded to Tycho and Kepler in this—except Rothmann, who, although he posits fluid heavens, nevertheless thought the order of the heavens would be disturbed if he conceded that Mars is carried now above, now below, the Sun; whereas this must [in fact] be conceded concerning Venus and Mercury, as we shall presently say. Just as, therefore, Tanner, by Epicycles around the Sun, maintains the ascent and descent of Mercury and Venus, so he could [maintain it] of Mars too—as Oviedo rightly argues against him (the single controversy On the Heavens, point [3], num. 22).


[Margin: Response.]



Tanner therefore answers (in the dissertation On the Heavens, q. 7, p. 58; and vol. 1 of the Summa of Theology, disp. 6, q. 3, dub. 3, num. 78; and with him Amicus, tract 5, On the Heavens, q. 5, art. 5, num. 30), granting but not conceding such a descent:


Nor perhaps is it impossible, even with the solidity of the heavens standing, to maintain phenomena of this kind, if the heavens of Mars and of the Sun, fitted together among themselves, are revolved at the same time; and, if it be needful for maintaining Mars's Eccentricity, let its own Epicycle be joined to it besides—so that the Eccentrics of the Sun and of Mars be so disposed that, at [its] perigee, Mars be nearer to the earth than the Sun [is] at [its] apogee. Some more recent Mathematicians add that this can also come about if Mars and the Sun are moved in certain quasi-zones or rings, fitted together among themselves in a certain way, so that in turn the one can pass over the other, and again pass under [it]. Which I leave to be explained by the Mathematicians in [its] due time.



But it was not fitting to oppose these doubtful modes—not yet demonstrated by any diagram—to the observations and demonstrations of the Astronomers; nor, by obscure and fictitious and confused hypotheses of the mind, to build up (by a vain and superfluous effort) that the heaven of the Sun is intersected by the heaven, or Epicycle, or Eccentric of Mars—when, the liquidity of the heaven being admitted, the motions of both Planets can be explained far more easily and more "liquidly" [clearly], without the danger of an inconsistent and self-repugnant system. Wherefore the more recent Astronomers, and posterity, will deservedly hold—as long as the opposite has not been demonstrated—that by this, as by a most powerful dart of Mars, and as it were a thunderbolt, the solidity of the Solar heaven is shattered, especially when its [Mars's] most tortuous spirals are regarded.


[Margin: 7. Argument, from the motion of Mercury (☿) and Venus (♀).]



[XIX.] The seventh Argument arises from the motion of Venus and Mercury, each of which encircles the Sun, and is sometimes carried up above it, sometimes glides down below it—[a fact] now laid open by the Telescope and by the most evident phenomena, [as] we showed in bk. 7, sect. 1, ch. 2 and 4. But since they do not depart from the Sun beyond [about] 50 degrees, it is necessary that their Epicycle intersect the orb of the Sun—which, although it might seem able to come about with the solidity of this heaven saved, yet so great is the difficulty in this (especially when the spirals and convolutions of Mercury are regarded, surpassing the most tortuous entanglements of the serpents which it has wrapped about the caduceus), that, for explaining these [phenomena], it is better to allow a free and permeable heaven than to be entangled in those [solid-sphere complications]—[merely] in order that solidity, otherwise of no use or convenience, be defended tooth and nail.


[Margin: 8. Argument, from the Sun's spots.]



[XX.] The eighth Argument is sought from the spots and faculae bubbling up around the Sun, and tumultuating, as it were, with a varied motion—by an alternating surge, or by [the Sun's] rotation; and by their concourse into one, or their dispersion and separation into various smaller spots. Which motion, although it can be accomplished through innumerable Epicycles, is yet better done freely in a fluid heaven.


[Margin: 9. Argument, from the Moon's roughnesses.]



[XXI.] The ninth Argument is drawn from the Lunar roughnesses—namely, the valleys, mountains, and caverns on its surface, no otherwise than on the earth—made manifest by the Telescope, as is now established from what was said in bk. 4, ch. 7. Lest, therefore, a vacuum be admitted within those [hollows], it seems that around the Moon a liquid and yielding ethereal breeze must be admitted. The asserters of solidity will answer, however, that the globe of the Moon is so set into [its] Epicycle that the recesses of those roughnesses are filled by the solid parts of the Epicycle—just as the kernel of a nut, or the seeds of a pomegranate, are set into their rind.


[Margin: 10. Argument, from the Refraction and Reflection of rays.]



[XXII.] The tenth Argument Tycho took (as I reported from Kepler under num. 16), and Bullialdus [Boulliau] (bk. 1 of the Philolaic Astronomy, ch. 4), from the manifold Refraction of the rays of the Sun and of the other stars, which would come about on the surface of so many Epicycles and Eccentrics, both convex and concave—by reason of which marvelous rainbows or colors would be seen in the heaven, and the figures of the stars, and their mutual distances, would everywhere vary; nay, Boulliau thinks that, from the reflection of the Solar rays, there would never be night, but in the opposite part of the heaven an image of the Sun, as in a mirror, would be discerned by night—
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(printed p. 244 — Chapter VII concluded, completing the response to the 10th fluidity argument: if the heavens were solid, an image of the Sun, as in a mirror, would be discerned by night — consequences repugnant to the daily phenomena of the stars.)


[Margin: Response.]



Amicus answers that all the heavens are of the same density and rarity, and behave like several lenses, or several spectacle-glasses, concave on one side, convex on the other, which are superimposed one on another; for if they are of the same matter, they do not vary a refraction once made. Yet from this it would follow that the apparent magnitudes of the stars are rendered uncertain, unless someone imagine that the refraction made in the heavens toward the perpendicular is compensated by the refraction made in the air away from the perpendicular, and that thus the images of the stars are restored to that pristine magnitude which would appear to us if no refraction intervened. It could be answered, however, that solidity and hardness are not an accident which necessarily has, in the heavens, an adjoined density; since even in sublunary [things] certain ones are harder than others and yet rarer—as ice is, in respect of water not yet frozen, for [water] grows rare and swells, and has within itself lighter exhalations, by force of which a body is constituted lighter than water is in an equal mass, and therefore ice floats upon water. But, on the contrary, lead is denser than silver, and yet less hard. It can happen, therefore, that the rarity of the ether be as great as that of the most purified air, and yet that it have a hardness and solidity greater than crystalline [hardness]. And indeed, those who posit the sphere of the Fixed [stars] solid must, in part, vindicate it from the aforesaid variety of refractions and reflections.

The Single Conclusion

[XXIII.] It is much more probable—although not yet Mathematically or Physically evident—that the Heaven of the Fixed [stars] is solid, but that [the heaven] of the Planets is Fluid.

This is established by the arguments and responses adduced on both sides hitherto: for by this distinction—both of probability from evidence, and of the heaven of the Fixed [stars] from the heaven of the Planets—very many opinions of the Fathers and Doctors are reconciled among themselves, and with the observations of the more recent Astronomers; and with less violence, or multiplicity, of motions and machines; with less danger, too, of physical repugnance among the so various motions of the Planets, are explained the Phenomena of the Comets, of Mars, of Venus, and of Mercury—which are the chief [matters] in this business—nay, also the motions of the Companions [satellites] of Saturn and Jupiter, and of the Solar Spots. But, on the contrary, if the sphere of the Fixed [stars] be posited solid, a readier reason is given why they perpetually keep the same distance among themselves, and innumerable movers of the Fixed [stars] will not have to be multiplied; nay, since that whole heaven is almost crammed with stars (as the Telescopes show), there is no inconvenience that the motion of so vast an orb was ordained by God for moving so many stars, which, taken together, occupy a great part of it.

But to posit the heaven of the Moon solid is to make it impervious to Comets—if perchance any come to be in it, or ascend upward through it; nor is it probable that volatile salts, or the spirituous parts of the earth, reach all the way up to the heaven of the Moon; or, if they did reach there, that they could rebound downward with such force as to descend 50 and more semidiameters of the earth, and return to ferment the earth; rather, since they are light, they would wander in a circle about the concavity of the Moon, like smoke about the vaulting of a chamber. Not, therefore, for that cause is the heaven of the Moon to be posited solid, as our Cabeus wished.

[Here Chapter VII ends.]




Chapter VIII, Whether the Heavens and the Stars are Animate


[Margin: 1. Opinion, making the stars Gods.]



[I.] The first opinion, and the most ancient, of very many, was that the heavens and the stars are animate with an intellective, blessed—nay, even divine—soul. For the Egyptians and the Stoics numbered the stars among the Gods, as Theodoret relates (bk. 3, On the [false] Gods); Eusebius of Caesarea (bk. 1 On the Preparation for the Gospel, ch. 6); nay, even the Athenians—for St. Augustine relates (City of God bk. 18, ch. 41), and Laertius (in the Life of Anaxagoras), that this very Philosopher, Anaxagoras, was condemned for impiety by the Athenians, because, asserting the Sun to be a fiery stone, he maintained [it to be] neither a God nor animate. Lucilius, certainly, the Stoic (in Cicero, and Lactantius bk. 2, ch. 5), discoursed thus: "This constancy, therefore, in the stars; this so great agreement of times [seasons] in courses so various, throughout all eternity—I cannot understand without mind, reason, and counsel; which [qualities], since we see them to be in the stars, we cannot but place those very [stars] in the number of the Gods"; and a little before: "It remains," he says, "that the motion of the stars be voluntary; and he who sees this would act not only ignorantly, but also impiously, if he should deny that they are Gods." The same Cleanthes believed (in Cicero, bk. 2, On the Nature of the Gods); and Plato, in the Epinomis, and in the Timaeus—whose words, addressing the stars as Gods, St. Augustine reports (City of God bk. 13, ch. 16), and concerning Plato the same testifies St. Cyril (bk. 2 Against Julian). But Plato and the Stoics added also a vegetative soul, as I shall say under num. 4.


[Margin: 2. Philo's opinion.]



[II.] The second Opinion was that of those who thought the stars animate with an intellective soul, yet not placing them among the Gods: for Philo, in the book On Dreams, says: "The individual stars are said [to be] not only living beings, but also most pure minds." And in the book On Giants he says: "It is necessary that the whole World have a soul in all its parts," etc.—likewise the heaven and the stars: "For these, as a whole, are immortal and divine souls; and therefore they are moved in a circle, which motion is akin to mind. For the mind of each of these is most perfect." Which very [thing] Martinengus (p. 881) and the Conimbricenses (bk. 2 On the Heavens, ch. 1, q. 1) ascribe to Rabbi Moses [Maimonides]. And Origen (homily 28 on Numbers, and more clearly bk. 1 On First Principles, ch. 7, and vol. 1 of the Commentary on John), considering that [text] of Isaiah ch. 45, "I have commanded the host of heaven," after many [words] concludes: "But the stars are moved with so great order and so great reason, that in no [case] at all has the course of them ever been seen impeded. How is it not beyond all stupidity, [to think] that the observance of so great an order, and so great a discipline of reason, is required of, or fulfilled by, irrational [beings]?" Then, on account of that saying of Job 25, "The stars are not pure in his sight," he judged the stars to be capable of vice and virtue; and finally, because in Romans 8 it is said that the creature is subject to vanity and is to be freed from servitude, he thought the souls of the stars are to be freed from the body of their globe—and that of old the souls of the stars were outside the globes, but afterward dragged into them, as into a prison. There are also those who suspect that Athanasius in part clung to Origen, because, expounding that [text] of Matthew 11, "All things are delivered to me by my Father," he adds: "The Angels did not keep their order, and the stars are not held pure before him, and the devil fell from heaven; but Adam became rusted [corrupted]."

Among the more recent [writers] too, Cajetan, on Psalm 133, and in the treatise On Indulgences, expounding that [text] "Who made the heavens in [by] understanding"; and that [phrase] in the Preface of the Canon of the Mass, "the heavens and the powers of the heavens," says: "What does he understand by the powers of the heavens? Surely [not] the Angels [as] movers? But above he had reckoned the Angels themselves, and ought not to repeat them. Surely [not] the very forces of the heavens? But he ought not to mix the insensate [things] with the Angelic orders, and the discourse would then be inept, if with the most excellent substances the forces and accidents of the heavens be coupled. Therefore by the powers of the heavens he understood the very souls of the heavens and stars." Cassiodorus likewise shows himself doubtful in this matter, on Psalm 148, when he says: "Wherefore the Prophet bade the Sun, Moon, and Stars—whether by their own reason, or by other sensible and demonstrable substances—praise the Lord." Likewise Haymo, on the same psalm, indicated his hesitation, saying: "If the Sun is said to have a spirit, then the Moon and the rest of the Stars can of themselves praise God; [but] if they do not praise thee well, because they are matter, why should we [bid] them praise thee?" St. Jerome too seemed to some [to be] doubtful in this, because (bk. 9 on Isaiah), explaining that [text] "The light of the Moon shall be as the light of the Sun, and the light of the Star shall be sevenfold," he says: "That the Moon and Sun may obtain the rewards of their labor and course." And on ch. 1 of Ecclesiastes, expounding of the Sun that [text] "The spirit goeth forward," among other expositions he hands down that [one] according to the mind of Virgil and Plato, saying: "Or because the spirit within feeds both the Moon, the shining globe, and the Titanian stars, and the mind, infused through the limbs, sets the whole mass in motion," etc. But he himself [Jerome] expressly condemns Origen's opinion, both in letter 59 to Avitus, and in bk. 13 on Isaiah. Likewise St. Augustine (bk. 2 On Genesis to the Letter, ch. 18) seemed to doubt, as also in bk. 13 of the City of God, ch. 16; but afterward—


[…continues on p. 245 (PDF 280): "…he retracted himself (Retractations bk. 1, ch. 5 and 11). And the other light of the Theologians, St. Thomas, although in several works (following Aristotle) he attributes to the celestial bodies an intellective soul, yet in the Summa (Prima Pars, q. 70, art. 3) concludes that the soul of a celestial body is not united to it as a form, but only as a mover to the movable, by contact of power…"]





(printed p. 245 — Chapter VIII continued: the page notes that Augustine afterward retracted his earlier view, in bk. 1 of the Retractations, chs. 5 and 11.)


[Margin: What of St. Thomas?]



And the other light of the Theologians, St. Thomas—although, following Aristotle, in the Disputed Questions (the question On the Soul, art. 8), and in the second [book] Against the Gentiles, and in the Opusculum On the Angels, he teaches that the celestial bodies are informed by a certain intellective soul, striving in the motion of the heaven to imitate the divine likeness; and which [soul], according to the Philosopher (On the Soul bk. 2, and Metaphysics bk. 11), is merely intellective, and not, as Avicenna will have it, also imaginative; and which, finally, could have sinned but did not sin, and pertains to the society of the Angels—yet (Prima Pars, q. 70, art. 3) he concludes that the soul of a celestial body is not united to it as a form, because in no operation is it aided by the body, but only as a mover [is united] to the movable, by contact of power. His final words are: "It remains, therefore, that for the sake of motion alone"—understand, "[the soul] is united to the celestial body; but for this, that it move [it], it is not necessary that it be united to it as a form, but [united] by contact of power, as a mover is united to the movable"; and he adds the example of the prime mover moving itself, and (by Aristotle, Physics bk. 8) composed of a part moving and a part moved, which are united by contact; and finally, "the Platonists too," he says in the same place, "did not posit souls to be united to bodies except by contact of power, as a mover [to] the movable." From which passage Cajetan and very many Thomists have judged that St. Thomas changed his opinion—as one who, in the Summa, left his last will declared as it were by testament; but Ferrariensis (2 Against the Gentiles, ch. 70) and Vielmius think that he constantly adhered to neither side.


[Margin: Vielmius's opinion.]



And Vielmius himself—the teacher of Ascanius Martinengus—(lecture 19 on Genesis) judged this to be an open question [problema], notwithstanding the decree of the Parisian Academy [University]; for he says, on the question whether the heaven is animate: "And let what has been said up to here be for the negative opinion, which I least of all doubt to be the more probable—so that, accordingly, the affirmative was also long ago placed among the articles condemned at Paris, as Richard writes in the cited place." But nevertheless I judge that the reasons brought on both sides can be answered, in [academic] disputations, in such a way that it certainly appears that neither were those unlearned who thought otherwise, nor is it now nefarious [forbidden] to ventilate that [question].


[Margin: Aureolus. Scotus.]



Likewise Aureolus (on [Sentences] 2, dist. 14, q. 2, art. 2, and q. 3, art. 1) and Scotus (ibid., q. 2) judged the affirmative part—concerning an intellective soul of the heaven—probable, the reasons being regarded; [Scotus] saying: "If the stars are not animate, that will be a thing believed rather than demonstrated."


[Margin: What of Aristotle?]



[III.] Thus far concerning the ancient Philosophers before Aristotle, and concerning the Theologians. But what Aristotle thought, and after him the Peripatetics or the other Philosophers, is disputed. For (bk. 2 On the Heavens, text 13 and 61; and Metaphysics bk. 12, text 35) he seems to attribute to the heaven an intellective soul as a form; and thus Themistius, Averroes, Simplicius, [and] Philoponus interpret him, and also St. Thomas (2 Against the Gentiles, ch. 50; and in the Disputed Questions, the question On the Soul, art. 8, ad 3), and Vasquez (Prima Pars, q. 183), Niphus (On the Substance of the Orb bk. 1, ch. 29), Pomponazzi (On the Immortality of the Soul), Achillini (On the Orbs bk. 3, dub. 1), Balduinus, and Mercenarius (in the question On the Soul of the Heaven). But from bk. 8 of the Physics (texts 40, 41, 52, and 12) and the Metaphysics (texts 30 and 43), it seems to be gathered that Aristotle does not attribute to the heaven an Intelligence as an informing form, but only as a pure act assisting [it]—like a sailor [to] a ship; nay, not even moved with the motion of the heaven—as Scotus interprets him (Quodlibet 7), Piccolomini (On the Heavens, ch. 17), Jandun (2 On the Heavens, q. 4), and Alexander (in [the report of] Simplicius). Likewise an intellective soul attributed to the heaven Iamblichus, Porphyry, [and] Proclus (in [the report of] Psellus, on the oration of St. [Gregory] Nazianzen, 38 and 42); Julius Firmicus (Mathesis bk. 1, ch. 3); Bellantius (in Alexander, On the Angels bk. 1, Against the Astrologers, ch. 13); Marsilio Ficino (the dialogue On the Laws, argument 10); [and] Carpentarius, himself also a Platonist (ch. 12).


[Margin: 3. Opinion, on a vegetative and sensitive soul of the heavens.]



[IV.] The third Opinion was that of those who, besides an intellective soul, attributed to the heaven a sensitive—nay, even a vegetative and locomotive—soul; among whom [are] those who thought the stars are nourished. Concerning whom Plutarch [speaks] thus (bk. 2 On the Opinions, ch. 17): "Heraclitus and the Stoics [held] that the stars are nourished by vapors ascending from the earth. Aristotle [held] that the celestial bodies do not need nourishment, for [they] cannot be corrupted, but are eternal. Plato and the Stoics [held] that, just as the whole world, so the stars too take nourishment"—but Plato is to be read in the Epinomis. In which opinion was, without doubt, Pliny (bk. 2, ch. 8): "The fellowship of heaven with us is not so great, that for us [too] the splendor of the stars should be subject to mortal fate. They [the stars], by excess of nourishment, give back the moist matter in abundance when they are believed to fall [as shooting stars]"; and (ch. 9) to this he refers the spots of the Moon, saying: "But the stars without doubt are fed by earthy moisture, because [the Moon] with half its orb is never seen but spotted—namely, because there is not yet enough [force] available to drink up [the moisture] beyond the due measure; for the spots are nothing else than impurities of earth snatched up with moisture."


[Margin: Avicenna. Simplicius.]



Moreover Avicenna (Metaphysics bk. 12, ch. 2), besides an intellective soul remotely moving the heaven, gave it a sensitive [soul] produced by the intelligence, as proximately moving by the imagination of sensible motion; but Simplicius (On the Heavens bk. 1, text 50) added those three senses—namely, sight, hearing, and touch.


[Margin: Tycho.]



Tycho (in the Letters of the year 1590 to Rothmann), moreover, acknowledged a divine vital spirit in them, saying: "But these things come about in the celestial [bodies] in a certain celestial, and more lively and exquisite, manner than in terrestrial or watery living beings; since that divine philosophy of the Platonists seems not without reason to hold that the heaven too is animate, and that the celestial bodies themselves are certain living beings of the heaven, endowed with a vital spirit."


[Margin: Kepler.]



Moreover Kepler (in the book On the New Star, and in the Physiology [of Comets]) attributes to the heaven a certain soul, whose [task] it is at [certain] times to gather the soot and impurities of the heaven, which would infect the splendor of the Sun and stars, and the transparency of the ether, unless they were kindled into Comets; for when a great abundance of such impurities has arisen—"Then, therefore," he says (p. 99), "there is need of a cleansing and purgation, which that faculty performs which is in the very substance of the ethereal breeze, a faculty similar to the vegetative or vital one." And in the introduction to the Commentaries on Mars, he will have the Sun to be endowed with a soul, so that it may preserve for the Sun [its] light and the power of moving the other Planets; and he calls [it] a moving soul, attributing a corporeal life to the Sun.


[Margin: Baranzanus.]



And Baranzanus (part 1 of the Uranoscopia, dub. 3) attributes to the celestial bodies a certain soul, midway between the intellective and the brute [soul], agreeing with these only analogically.


[Margin: 4. The Negative Opinion.]



[V.] The fourth, and true and sound, opinion is that the Heaven and the stars are inanimate, and lack altogether every soul that would be a form informing the celestial bodies; but [that], if they are moved by an Intelligence, they are moved by it not as by an informing form, but as by an assisting Mover. For this opinion contend: Catharinus (on ch. 1 of Genesis), where he denies that Cajetan's opinion can be defended by a Christian; Ascanius Martinengus (in the great Gloss, pp. 887 and 890), who, however—Origen's error excepted—thinks it an open question whether the stars are animate with a rational soul, but confirms the negative part [as] far more probable by reasons and authorities; Mastrius and Bellutus (disp. 2, On the Heavens, q. 2, art. 2, from num. 62); [and] John Punch (disp. 22, Physics, q. 3). And from the writers of our Society: Pererius (On Genesis bk. 2, q. 7), the Conimbricenses (2 On the Heavens, ch. 1, q. 1, art. 2), Toletus (2 On the Heavens, ch. 5), Rubius (1 On the Heavens, ch. 2, q. 8), Tanner (the dissertation On the Heavens, q. 4; and vol. 1 of the Summa of Theology, disp. 6, q. 2), Amicus (tract 3, On the Heavens, q. 4), Arriaga (the single disputation On the Heavens, sect. 2), Oviedo (the single controversy On the Heavens, point 1), [and] Baltasar Téllez (disp. 43, Physics)—in whom [are cited] other Scholastics. And so let [the following] be [the conclusion]:

The Single Conclusion

The Celestial Bodies are animate with no soul—neither an Intellective or rational, nor a sensitive, nor a vegetative.


[Margin: 1. Argument.]



It is proved, first, by the Authority of the Fathers—especially St. Cyril (bk. 2 Against Julian), St. Basil (homily 3 of the Hexaemeron), [and] St. Ambrose (Hexaemeron bk. 2, ch. 4)—the latter two of whom refute Origen [by arguing] that dew too, and frost, and cold, and hoar-frost would have to be called animate, because they are invited to praise God; St. Gregory Nazianzen (oration 38), where, on the interpretation of Psellus, he condemns the impious positions of the Platonists about the soul of the heavens; St. Chrysostom (homily on Psalm 4), where among other things he pronounces: "For the Sun has neither reason, nor mind, nor thought"; likewise Theophilus of Alexandria (the 1st Paschal letter), where he says that Origen builds up dogmas contrary to the faith; and St. John Damascene, saying: "Let no one think the heavens or the Luminaries animate, for [if they had] a soul, they would also feel [perceive]." The same, with St. Basil, Procopius teaches (in the Commentaries on Genesis); and Lactantius (bk. 2 of the Divine Institutes, ch. 5) acutely assails the Gentiles with this argument: that if, on account of—


[…continues on p. 246 (PDF 281): "…their constancy in motion, the stars seem [to some] to be reckoned among the Gods, rather from that very [constancy] it had to be gathered that they lack not only divinity, but intellect and will; for if they were Gods, endowed with intellect and will, they would wander freely hither and thither at their pleasure; but since this does not happen, but they are compelled perpetually to weave the same path, as if fixed to a treadmill, their motion is not voluntary, but necessary."]





(printed p. 246 — Chapter VIII concluded, completing the 1st proof of the Conclusion: the very constancy of the stars' motion shows they lack not only divinity but intellect and will, for if they were Gods they would wander freely at their pleasure, whereas their perpetual fixed path proves their motion necessary, not voluntary. Riccioli notes this argument would also strike the moving Intelligences, and refers the reader to the remaining Fathers in Ascanius Martinengus.)


[Margin: 2. Argument.]



It is proved, secondly, from the definition of the Church; for in the fifth General Synod, which was the second of Constantinople, among the other errors of Origen—as Nicephorus relates (Ecclesiastical History bk. 17, ch. 27 and 28), Iaverius (in the Summa of the Councils, vol. 2), and Liberatus (in the Breviarium, ch. 23)—this too was condemned by that decree: "If anyone says that the Heaven, and the Sun, and the Moon, and the Stars, and the waters which are above the heavens, are certain animate [beings] and material powers, let him be anathema." Where "the material powers of the heavens" are taken, according to the mind of Origen, for souls informing the bodies of the stars. And the Synod distinctly condemned the error of Origen about souls produced before the heaven, as Nicephorus relates in that ch. 27; wherefore, by that other decree, a distinct error is condemned—namely, that by which an intellective soul is attributed to the heaven and the stars. Moreover, in the chapter "Firmiter," On the Supreme Trinity and the Catholic Faith, among rational creatures none are reckoned but Angels and Men; and St. Jerome numbers this [opinion] among the heresies; and St. Epiphanius (bk. 1 of the Panarion) and St. Irenaeus (bk. 1 Against Heresies) number, among the condemned dogmas of the Marcosians, the opinion about the soul of the heavens.


[Margin: Censure on the opposite opinion.]



Wherefore, on account of these and similar authorities, the opinion asserting that the heaven and stars are animated with an intellective or rational soul, they judge to be erroneous in faith: St. Bonaventure (on [Sentences] 2, dist. 14), Peter of Tarentaise (in [the report of] the Carthusian, on 2, dist. 14, q. 2), the Directory of Inquisitors (from p. 239), Tanner, Téllez, Punch, [and] the Conimbricenses, in the places reviewed above. But that it is [merely] not consonant with the faith, teach Capreolus (on [Sentences] 2, dist. 9, q. 1, art. 1), Gabriel [Biel] (ibid., q. 1), [and] Pererius (bk. 2 On Genesis, q. 7); and Catharinus (on ch. 1 of Genesis) says that it cannot be defended by a Christian. But Pineda (on ch. 1 of Ecclesiastes, p. 124) calls our opinion "an Ecclesiastical Dogma, and next to [a matter of] Faith"; Lorinus, however (in the same place, verse 6), denies that the opposite is an open error—granted that he himself holds, against Paolo Ricci, that the Heavens are not animate. But if anyone attribute to the heaven or the stars only a sensitive, or a vegetative, or a locomotive soul, Tanner (above, assertion 1) and Téllez judge that proposition "Absurd" and erroneous in Philosophy; and Martinengus [judges it] altogether to be exploded and rejected, yet not contrary to the Faith. Granted that not even that [opinion] which gives them an intellective soul did Vielmius (lecture 19 on Genesis) and Martinengus (in the Gloss, p. 890) judge erroneous in Faith, but [held it] to be an open question in the way [tradition] of the Fathers; yet that same Vielmius, from Richard, admits [it] was condemned by the Parisian Academy [University].


[Margin: 3. Argument.]



It is proved, thirdly, by Theological Arguments: for if those souls were intellective, blessed, and holy, it would be permitted to adore them with some worship and veneration—if not of latria [the worship due to God alone], at least of hyperdulia or dulia, as the Theologians speak. But this is against Deuteronomy ch. 4 and 17, where worship and adoration are forbidden not only of strange Gods, but also of the Sun, Moon, and all the host of heaven; nor did the Church ever permit even this worship of dulia toward the stars—nay, [such worship] is execrable, as the sacred interpreters teach on that [passage] of Job: "If I beheld the Sun when it shone, and the Moon walking in brightness, and [if] I kissed my hand [with] my mouth—which is the greatest iniquity, and a denial against the most high God"; that is, "if I worshiped the Sun and Moon." But if those souls are damned, then the place of the lower regions [hell] would already be in the heaven itself; or the heavens and stars would at some time have to be thrust down into hell and eternal fire, which is the common place of all the damned, as is gathered from Matthew 25, verse 41. But because someone could imagine that those souls are not capable of merit and demerit, I therefore subjoin the fourth Proof.


[Margin: 4. Argument.]



It is proved, fourthly: Because neither in the heaven nor in the stars do we have any indication a posteriori, from their operation, of a sensitive, or vegetative, or rational soul; nor do there appear in them any organs necessary, mediately or immediately, for these operations. Therefore an informing soul is rashly and without foundation posited in them. But if you say that those bodies do not need organs or dissimilar parts, [then] this very kind of soul—animating a non-organic body—is gratuitously imagined; and for their regular motions the external direction of an assisting and moving Intelligence suffices.


[Margin: Objections resolved.]



Nor does that [text] of Psalm 135 [136] stand in the way: "Who made the heavens in [by] understanding"; for that is to be understood of the wisdom of God himself, by which he founded and ordered the heavens and their motions—as there expound St. Augustine, Euthymius, Cassiodorus, [and] Haymo; or [it is to be understood] of the Word, who is the Son of God, as St. Bruno [holds]. And that [text] of Psalm 18 [19], "The heavens declare the glory of God," etc.; and Psalm 148, "Praise him, Sun and Moon"; and Job 38, "When the morning stars praised me"—is to be understood objectively, not formally; namely, because they are a most fitting object for arousing Angels and men to praise God. And that [text] of Isaiah 45, "My hand has stretched out the heavens, and I have commanded all their host"; and Habakkuk 3, "They were called, and they said, here we are," etc.—is to be taken metaphorically; or [else] an obediential power is indicated, by which every creature, although inanimate, is subject to and serves the command of God. Finally, that [text] of Ecclesiastes 1, about the Sun, "The spirit, surveying all things in its circuit, goeth forward," can be understood either of the Intelligence governing the Sun, or in other ways, concerning which [I shall treat] below in Section 2, where [I treat] of the Movers of the heavens.


[Margin: A soul lower than the rational can, without prejudice to the faith, be attributed to the stars.]



It is to be noted, however, with St. Thomas (2 Against the Gentiles, ch. 7), that it pertains little to the Faith whether the stars be called animate or not—provided they be not said to have an intellective soul.

[Here Chapter VIII ends.]




Chapter IX, Whether the Heaven is Infinite, and whether [it is] of a Spherical Figure

Concerning the former question [whether it is infinite], so far as it pertains to the Astronomer, I shall say the choicer [things] in Section 4, ch. 5, num. 19; but concerning the latter—that is, concerning the figure—see the same ch. 5, num. 2, and Pliny's arguments (bk. 2, ch. 2), whose words we shall report in that ch. 5, num. 20. Meanwhile, let us pass on to other [matters].




[END OF SECTION I.] Section II, "On the Movers and Motions of the Heavens" (De Motoribus et Motibus Caelorum), begins on printed p. 247 / PDF 282.




Chapter I, Whether the Heavens or Stars are Moved by Intelligences, or rather from within, by their own Form or Nature

(printed p. 247:)


[Margin: 1. Opinion — on the proper form moving the heavens.]



[I.] The first opinion was that the heavens are moved by their own form, that is, from within—lest that form be idle and inferior to the forms of the elements, since each thing exists for the sake of its own operation, as the Philosopher says (On the Heavens bk. 2, ch. 3, text 17); and lest that perpetual motion in a circle be violent, since (from the Ethics bk. 3, ch. 1) the violent is that whose principle is outside [the thing]. And certainly it does not seem repugnant that some body could be made by God to which there is a natural appetite for perpetual circular motion, and so a power of moving itself perpetually in a circle—just as an impetus once impressed on a stone for circular motion, if it were not gradually corrupted by a contrary impetus produced by gravity, would perhaps last forever, as some say. Since, therefore, in the heaven there is no gravity or levity, what wonder if that impetus—acting on the celestial body from the beginning, once [impressed], in a circle by the force of its own form—should perpetually whirl it around?


[Margin: Major, [William of] Paris, Albert of Saxony, Gabriel, Trallianus, Strato.]



Therefore of this opinion were John Major (bk. 1 On the Heavens), [William of] Paris (part 2 On the Universe, ch. 152), thinking the opposite vain and frivolous; and Albert of Saxony (Physics bk. 8, last question); and others, in [the report of] St. Bonaventure and Bassolis (on [Sentences] 2, dist. 14, art. 3, q. 2); and Gabriel [Biel] thinks it probable (ibid., q. 1, art. 3, dub. 2). And of old too Trallianus and Strato of Lampsacus, as the Conimbricenses relate (2 On the Heavens, ch. 5, q. 1); and Pererius (On Genesis bk. 2, q. 5) said that the motion from right to left—that is, from East to West—is from an Intelligence, but [the motion] from left to right is from [the heaven's] own form.


[Margin: Longomontanus. Vallesius. Camerarius.]



Among the more recent [writers], Longomontanus (Theorics bk. 1, in the proem) says [the heaven is] moved from within; but Vallesius (Controversies 11 and 26, Physics) teaches that it is moved partly by its own form, partly from without—for an Intelligence moderates the velocity; and Camerarius (disp. 25), whom that [text] of Psalm 18 [19] moved—"He hath rejoiced as a giant to run his course"—to think that the Sun is moved from within, although it is said metaphorically; and that [phrase] in the Preface of the Mass, "the heavens and the powers of the heavens," where the powers of the heavens are numbered [as] distinct from the Angels—as if, forsooth, there by the name "powers" could not be understood forces for influencing, or even some order of Angels, since [the Preface] goes on to say, "And the blessed Seraphim."


[Margin: Eusebius Nieremberg. — St. Francis Xavier stops the Sun.]



Toward the same opinion strongly inclines Eusebius Nieremberg (in his Philosophy, bk. 6, On the Life of the Stars), who, however, concedes that some Intelligence was appointed—of old, or [for the moment]—for stirring up extraordinary motions, or for stopping their motions; as when, at the death of Christ, the full Moon was brought back to conjunction with the Sun; and [as when] the Sun's course was held back—not only at Joshua's command, but also at the prayer of St. Francis Xavier (that the ship, which was being tossed by a violent storm, might reach harbor before sunset)—as Velasquez, Sherlock, and Oviedo (the single controversy On the Heavens, point 1, num. 7) relate of St. Xavier.


[Margin: Téllez.]



But that the Stars are moved absolutely [unqualifiedly] by their own form, Baltasar Téllez affirms (disp. 44, sect. 3), who also had taught (disp. 40, sect. 3) that, if the stars are considered in themselves and without respect to inferior [things], circular motion is not connatural to them, but [comes] from without; but if they are considered as they are the chief part of the Universe, having

(printed p. 247, right column — the column opens mid-sentence, completing the claim that, in virtue of their natural powers for influencing, circular motion is natural to the heavenly bodies, as held by the author of the Philolaic Astronomy (bk. 4, ch. 2).)


[Margin: Bullialdus.]



Ismaël Bullialdus [Boulliau] too (Philolaic Astronomy, ch. 12, and in the Philolaus, bk. 4, ch. 2) concludes that both the Sun—about its own axis, in the center of the World—and the rest of the Planets (among which he had placed the Earth) are moved by their own form.


[Margin: Kepler.]



But Kepler (in the introduction to [the commentary on] Mars, and ch. 33; and bk. 4 of the Epitome of Copernican Astronomy, parts 2 and 3, that is, from p. 499 to 530) teaches that the Sun is in the center of the World, and has a moving soul with a certain corporeal life, by which it is perpetually moved about its own axis: "For although by another means," he says (p. 514), "that motion could be continued, yet by the aid of a soul the long-lastingness and perpetuity of this motion—in which the life of the whole World consists—is more rightly obtained." He says, then, that the Sun emits from itself a certain species [emanation] similar to that which a magnet emits, and by it, as if with a hand, grasps the other Planets; and that, while it is itself turned by [its] rotation about its own axis, it leads the other Planets around—yet in such a way that, when that magnetic power falls upon the friendly part of the Planets (according to the disposition of [their] magnetic fibers), it attracts them to itself, and they become perihelial; but since the Planets have a power of holding themselves in the parallel position which they once obtained from the beginning, with respect to [their] position in the Universe, it comes about that gradually the hostile and contrary part and face is turned toward the Sun, and therefore they are repelled by the magnetic species or quality of the Sun, and become aphelial—just as a magnet allures to itself the friendly part of the magnetic needle [and] repels the unfriendly. Finally, he says that in the other Planets there is a certain inertia toward motion, and a greater resistance the farther they are distant from the Sun. And so he teaches that the Sun is moved from within, but the rest of the Planets from without—namely, set in motion by the Sun—but by no means by an Intelligence (p. 508); whose ingenious figments Bullialdus refutes at length in the place cited above. Yet the same Kepler, in the Hyperaspistes (p. 6), admits that "Christian scruples transfer these motions of the heaven to Angels"; and (p. 7) [admits] that the Star of the Magi and Comets are moved either by a Genius [spirit], or by an inborn knowledge, according to Tycho.


[Margin: What of Tycho?]



Hither likewise seems to be referred Tycho, who (vol. 1 of the Progymnasmata, p. 268) says: "It is proved, therefore, even from the observations of two ethereal Comets alone—namely of the year 1577 and 1585—by reason of their motion peculiar [different] from the rest of the Planets, that no orbs really exist in the ether, and that the heaven itself does not consist of hard and impervious matter; but that the stars themselves possess a certain natural and congenital—or rather divinely implanted from the beginning, and perpetually preserved—knowledge of regular motion, by which, impelled or supported by no orbs, they perform their courses most perfectly and most constantly." But from these very [words], and from what was said in the preceding section (ch. 8, num. 4), it is sufficiently established that he [Tycho] is to be referred to the second class, which teaches that the stars are moved by a soul not only sensitive but also intellective—to which [class] Kepler too in part belongs.


[Margin: What of Suárez and Raynaudus?]



But now Suárez said (Metaphysics disp. 29, sect. 1, num. 16; and earlier disp. 18, sect. [—], num. 36)—yet, in disputing, he concedes that motion can be attributed to an incorruptible proper form; and Theophilus Raynaudus (in the Natural Theology, dist. 2, q. 1, art. 1) says that the opinion of those affirming that the heaven or stars are moved by an intrinsic and proper form is to be condemned for rashness.


[Margin: 2. Opinion — on a moving soul.]



The second Opinion was that of those who said the heavens and Stars are indeed moved by their own form, but [a form] which would be an Intellective soul, or even a sensitive and vegetative one—[the views] which I reviewed distinctly in Section 1, ch. 8, from num. 1 to [4]; which therefore we do not repeat.


[Margin: 3. Opinion — on God as mover.]



The third Opinion, then, [is] that the heavens are moved by God himself immediately. So judged Albertus Magnus (on [Sentences] 2, dist. 14, art. 6), Alpetragius [al-Bitrūjī] (On the Physical Cause of the Celestial Motions), and—if you believe the Conimbricenses—Ptolemy himself, [and] Leonard Lessius (the book On Providence, from num. 20). Which [view] also Ga—


[…continues on p. 248 (PDF 283): "…Gabriel [Biel] (on [Sentences] 2, dist. 14, q. unica) and Gregory of Rimini (on 2, dist. 8, q. 3) thought probable. For although the Abulensis denies that local motion can be made immediately by God, yet it is an error to deny this, as St. Thomas teaches…" — then Riccioli's digression giving his own (Cartesian-style) argument for God's existence, against the Atheists; then the 4th and most common opinion: the heavens are moved by the Angels/Intelligences as assisting movers.]





(printed p. 248 — continuing the third opinion (God moves the heavens immediately): further authorities are cited for its probability, Gabriel Biel and Gregory of Rimini, while Tostatus's denial that God can immediately cause local motion is rejected as an error, with St. Thomas. The page then argues that denying God's immediate particular causation of the supreme heaven's motion neither entails an infinite regress of movers nor undermines the demonstration of God's existence from creatures.)


[Margin: God's existence is demonstrated by a new argument.]



And besides, there are other modes of demonstrating the Divine existence, among which this one occurs to me as the most evident of all: namely, that we evidently judge it possible that there be a being supremely perfect, and having all the pure perfections [perfectiones simpliciter simplices] which are compossible—(for if any perfection is mixed with imperfection, or repugnant to another more necessary and more to be chosen, of this we do not speak)—but among the other pure perfections, and repugnant to no such perfection, is necessary existence; that is, so to exist that it can never, and could never, not exist, as any intellect not badly disposed judges. Therefore, if such a being is possible, it also exists in reality, since that perfection does not include a mere possibility of existing, but an actuality, and indeed a necessary one. And in this one case alone does the argument from the possible to [actual] being hold—that is, from being-able-to-be to being-in-fact. Which argument, many years afterward, I found later indicated—but in another form of words—by René Descartes (in the Principles of Philosophy, part 1, num. 14).


[Margin: Some said the heaven is moved by chance.]



Let these things be said against the Atheists. But to those who wish to demonstrate God from the motion of the heaven, [there] are diametrically opposed those who said the heaven is moved by chance—namely Democritus and Epicurus.


[Margin: 4. Opinion — moved by the Angels.]



[III.] The fourth Opinion, and the most common, is: that the heaven and stars are moved by Intelligences, that is, by Angels—as assisting, and immediate, efficient causes; but not as by souls informing the heaven; and so [that they are] moved by an extrinsic principle, but a created one. In which opinion are all [those] already enumerated in Section 1, ch. 8, from number 5; and [those] expressly treating this controversy—namely St. Thomas (Prima Pars, q. 70, art. 3; and q. 6 On Power, art. 3; and Opusculum 10, art. 3; and Opusculum 11, art. 2; and 2 Against the Gentiles, ch. 92, and there Ferrariensis); likewise the Scholastics almost universally (on [Sentences] 2, dist. 14)—


[Margin: Authors of the 4th opinion.]



especially St. Bonaventure (art. 3, q. 2), Scotus (q. 1), Durandus (q. 2), the Argentine [Gregory of Rimini] (q. 1 and 2); [Gregory] of Rimini (on 2, dist. 1, q. 1), Capreolus (dist. 9, q. 1, art. 3), Albert [the Great] (On the Four Coevals, part 1, q. 4, art. 26), Nicolaus Cusanus (Exercitations bk. 7), Soncinas (Metaphysics bk. 12, q. 36), Jandun (On the Substance of the Orb, q. 2, 13, and 14; and 2 On the Heavens, q. 92). Among the more recent: the Conimbricenses (2 On the Heavens, ch. 5, q. 5), Rubius (ibid., and 1 On the Heavens, ch. 2, q. 8), Toletus (2 On the Heavens, ch. 5), Suárez (in the Metaphysics, disp. 18, sect. 7, num. 36; and disp. 35, sect. 1, num. 20), Pererius (bk. 2 On Genesis, q. 5; and bk. 7 Physics, ch. 7, q. 2), who says it is, as it were, handed down by the Philosophers and received by the Theologians; and Bubalus (On the Angels, q. 1, diff. 2, art. 15), who thinks the opposite dangerous; Arriaga (the single disputation On the Heavens, sect. 5, num. 64), Hurtado (disp. 2 On the Heavens, sect. 4), Oviedo (the single controversy On the Heavens, point 1, num. 7), Mastrius and Bellutus (disp. 2 On the Heavens, q. 4, art. 3), George Polaccus (in the Anti-Copernicus, assertion 111), Aversa (q. 34, Physics, sect. 7), John Anthony Delphinus the Franciscan (the opusculum On the Celestial Orbs, from p. 80), John Punch (disp. 22, Physics, q. 9), Amicus (tract 5, On the Heavens, q. 6, dub. 2), [and] Claramontius [Chiaramonti] (bk. 2 On the Universe, ch. 17).


[Margin: St. Thomas's notable sayings.]



But it pleases [me] to note St. Thomas's opinion, who (q. 6 On Power, art. 3) says: "But it is a matter of Faith that the Angels move the celestial bodies locally by their command—and also other bodies, God ordaining and permitting [it]"; for he had reported the opinions of the Philosophers conceding to the Angels the motion of the heavens, but denying [it] of other bodies. And in Opusculum 10, art. 3: "But that the celestial bodies are moved by a spiritual creature, I do not remember to have read denied by any of the Saints or Philosophers." Finally, in Opusculum 11, art. 2: "But it seems to me that it can be demonstratively proved that the celestial bodies are moved by some intellect—either by God immediately, or by means of the Angels. But that he moves them by means of the Angels agrees with the order of things, which Dionysius asserts to be infallible: that inferior [things] are administered by God through intermediaries, according to the common course." And that this is the opinion of the ancients, Trithemius taught (the book On the 7 Intelligences moving the orb), whose words I have already reported in bk. 7, sect. 1, ch. 1, where I reviewed many things—not unworthy of a learned reader—about the 7 spirits moving the 7 Planets.

The Single Conclusion

Although it can be demonstrated neither Metaphysically nor Mathematically—but at most Physically or morally—that the heaven or stars are moved by Intelligences; nevertheless, the Authority both sacred and profane being regarded, it must be said that they are moved by Intelligences.

[IV.] The first part of the Conclusion is clear, because from neither the principles of Metaphysics nor those of Mathematics can a necessary connection be deduced between the motion of the heaven or stars and the Intelligences—whether their motion be regarded according to [its] substance, or [its] essentials, or as regards accidental perfections, but especially the most perfect order and harmony (that is, the uniformly non-uniform anomaly), and the infallible rules which they keep in their periods and revolutions, and the perpetuity and constancy through so many ages. For it is repugnant neither to the principles of being-as-being, nor to bounded quantity as such (whether it be continuous or discrete), that bodies could be made by God which are moved from within in this way—by a power and qualities connatural to them and implanted by God from the beginning of the World (as we were saying, under number 1, in reporting the first opinion); and [that] by such a motion they are so moved toward the good of inferior [things], that this very thing is their good—to exercise their power and communicate their influences to others—just as it is the perfection of a Master to teach others, and of a Physician to heal others, though it be an extrinsic perfection, which nevertheless betrays an intrinsic [one]. For the things which some have attempted against [this] are too slight to need a response: as when they say that circular motion is reflexive upon itself, and that reflection is from a soul; and that every mover supposes an immovable part on which it rests, as when an animal rests on [pushes off with] its foot—for what will they say about the fins of fishes and the wings of birds? Or when they say that the same [thing] cannot be at once in potency and in act, and that therefore every movable must be moved from without. But neither is a moving Angel necessary, such that the existence of [the Angel] could be demonstrated from this; for either it is known from elsewhere—and so is not necessary on that account—or it is unknown, and so is not shown from things more known [than] that very [thing] about which, as [if] less known, the question is here [raised].


[Margin: Whether the existence of the Angels is demonstrated from the motion of the Heavens.]



Moreover, we have already shown at length in the treatise On the Angels (when we were publicly professing Theology) that there is no natural means by which the existence of the Angels may be demonstrated; for all effects either include a determination to a moral fault or to falsity, and [so] can be attributed to separated souls; or they do not include [it], and [so] can be attributed either to the same [souls], or to God. And so [it goes], reasoning through the rest.


[Margin: 2. Part of the Conclusion.]



The second part—about the Physical or Moral demonstration, conceded rather than asserted—is proved because, on the one hand, we have no indication in the stars, or from the stars, of an animal [vital] operation, since neither organs nor other similar [things] appear in them; but, on the other hand, the admirable harmony of the celestial motions, and the reason and order constant through so many ages—far greater than in the humors of the human body, nay, than in any machines whatever devised by human artifice—is an argument of a soul or a mind continually preserving and directing such motions. Therefore it is physically, or at least morally, evident that the heaven or stars are moved by some mind, which nevertheless is not properly their soul—especially since so great is the variety and subtlety in the motions of the Planets, that not even the most skilled of Astronomers have hitherto fully comprehended it. There is added that, by sufficient induction, we have [the principle that] whatever is moved locally is moved so that it may be better off in a different place; and to be moved [toward] its proper place is proper to living beings: but neither [of these] belongs to the heaven or the stars.

The third part is confirmed, first, from the multitude of Authors—


[…continues on p. 249 (PDF 284): "…of both classes [philosophers and theologians], then from the Sacred writings: for that [text] of Job 9, 'Under whom they are bowed who bear the world'; and Job 26, 'The pillars of heaven tremble'; and ch. 38, 'When the morning stars praised me, and all the sons of God shouted for joy'; and that of Matthew 24, 'The powers of the heavens shall be moved' — many Fathers expound of the Angels. Finally, St. Dionysius (On the Celestial Hierarchy, ch. 5), St. Augustine (On the Trinity bk. 3, ch. 4), and St. Gregory (Dialogues bk. 4) teach…"]





(printed p. 249 — completing the third part of the Conclusion, that the heavens are moved by Angels: the thesis is confirmed from the multitude of authors, from Scripture (Job 9, 26, 38; Matthew 24), and from Dionysius, Augustine, and Gregory, who teach that divine providence governs corporeal things through spirits. Nor is it absurd, against Lessius's scruple, that some Angels be perpetually occupied in this ministry, since God can easily substitute others.)


[Margin: Kepler's objections resolved.]



[V.] But now the objections of John Kepler are to be dissolved, by which (in the Epitome of Copernican Astronomy, from p. 508) he contends that created Intelligences do not move the Planets, but that they are moved by the Sun by a certain material necessity and natural [one]. For solid orbs, he says, cannot be admitted, since it has been shown that the heaven of the Planets is fluid; but without solid orbs a created Intelligence cannot move the Planets—both because a mind destitute of an animal and locomotive power cannot, by a mere nod, or by the desire or command of [its] will, effect motion in another body; and because, if a Mind were to move [them], it would surely move the Planets in a perfect circle, of which there is a mental beauty and perfection. But from Astronomical observations legitimately handled, we are convinced that the path of a Planet is not a perfect circle, but either an ellipse or a similar figure, which savors rather of the nature of a balance [steelyard] and of material necessity than of the conception of a mind. Again, although the tempering of the extreme motions—that is, of the slowest and the swiftest in each Planet—is most exquisitely harmonic, and the work of the supreme and adorable creative mind, yet the lengths of the periodic times do not have a mental beauty, because they do not have effable [expressible] or rational proportions (such as double, triple, etc.), but ineffable or irrational ones, and so tending to infinity; nor are the times of one period gathered from equal [motions], but from unequal motions in different parts of the circle, according to the ratios of a balance. Finally, no place can be assigned in which the Intelligence resides, and from which it might know the path along which it could direct the Planet—not in the center of the circle, nor in the centers (that is, foci) of the Ellipse; for in the ethereal breeze those places do not differ from other points, nor could the mind perceive thence whether a Planet so far distant went along the path by which it ought, unless you give it eyes, or a cord by which the Planet, tied [to it], is led around. For to have a mental idea of the planetary orbit does not suffice, but there is need of some instrument by which the real path of the Planet—having a definite magnitude—is carried into execution. But neither can it be placed on the circumference of the orbit; for either it will rest in one point (and the argument just made recurs, when the Planet will be at very distant points), or it will be moved from place to place, like a soul with a body; but since this mind lacks a body, and is not of itself movable or place-able, it will have no means by which to measure its distance from the center of the world (since this center is outside the center of the planetary orbit), or to keep its position with respect to it. Yet Kepler concedes that the figure of the planetary orbit, and the periodic motions, are the work of the creative Mind—that is, of God.

This is plainly Kepler's reasoning, the more obtuse to me, the more acute it seemed to him—both because he assumes as conceded certain things which cannot be conceded without injury and disgrace redounding upon the Intelligences, and because he entangles reasons mutually repugnant. But I shall have done [something] worth the effort, if I reduce these arguments to form and blow them away.


[Margin: 1. Argument, from Kepler.]



[VI.] The first Argument is of this kind: "If a Mind or created Intelligence moved the Planets, it would move them in a perfect circle, and in such a way that the periodic time of the Planet would have a rational proportion, gatherable from equal motions." Its proof: For such a figure and motion have a beauty and perfection worthy of a mind, and befitting an Intelligence. But the Planet's motion is not made in a perfect circle, nor does its periodic time have a rational proportion, nor [one] gathered from equal motions. [Therefore it is not moved by a Mind.]


[Margin: 1. Response.]



I answer, first, by denying the Major [premise]; for there is no necessity of such a proposition. For not the circle alone is a perfect figure—especially with respect to the end to which the motion is ordained—but the Ellipse too, and many other figures; nor are [only] those proportions effable to us beautiful, but also [those] ineffable to us, [yet] to God, who ordained them, rational and effable, at least by his divine Word, to whom he tells all things finite and infinite. Nor is it necessary that [God] distinctly communicated to the Angels an idea or knowledge of them; but it suffices, if he willed them to move the Planets along such and a determinate path of the ethereal breeze, with such velocity, and within such a time to revolve them to the same or nearly the same point—whatever proportion, after all, may arise between the parts of that motion, or of the whole period with the period of another Planet.


[Margin: 2. Response (ad hominem).]



I answer, secondly, by retorting the argument thus: "The imperfection of figure and motion which is unbecoming to an Intellectual nature, and not worthy of a created mind on account of the perfection of such a nature, is much more unbecoming to the Divine nature, and unworthy of that supreme Mind; but the figure and periodic motion of the Planets are of this kind, according to you, O Kepler; therefore they are not the work of the divine mind"—which it is impious to say, nor indeed do you [Kepler] say it; nay, you have expressly professed the opposite. Nor will you escape if you say that that figure and motion are not immediately from God, but from the Sun moving the other Planets; for since the Sun does not determine it freely, but by natural necessity, all this determination [comes] at last from God, and is not to be attributed to him, if it contains an imperfection unworthy of God [as its] author.


[Margin: 2. Argument, from Kepler.]



[VII.] The second Argument is of this kind: "The motion of the Planets is made in an Ellipse according to the ratios of a balance and steelyard—that is, according to a material necessity arising from the nature of a balance—rather than according to an intellectual reason, or a voluntary appointment. But if [the Planets] were moved by an Intelligence, they would not be so moved; therefore, etc." It could be answered, [first,] by denying the Major—if the discourse be about a reason primarily intended per se by the motive faculty of the Planets; granted that some likeness or analogy of such motions with motions made by a balance and lever be not conceded, yet it is worthy of God that he willed to represent this analogy primarily per se; nor is that [saying] of Wisdom 11 to be restricted to these mechanical narrows: "He disposed all things in weight, number, and measure"—but [it extends] to higher ends, and to determinate proportions of the means with their ends. I answer, secondly, the Major being granted, by denying the Minor; for the knowledge of such ratios could be infused into the moving Angels, so that they might move the Planets, and so move them that the analogy [with a balance] be preserved—as it were more accommodated to us, who are of a grosser intellect—yet not repugnant to the end of these motions.


[Margin: 3. Argument, from Kepler.]



[VIII.] The third Argument is such: "If an Intelligence moved the Planets, it would need some body by which it might perceive along what path they were to be directed, and the distance of them from the center of the world to be preserved in such motion. But the Intelligences have no such body—because neither are there solid Planetary orbs, by whose motion that path and distance would be kept; nor do they have cords or similar supports by which they might lead the Planets around; nor are they forms informing or animating the Planets; or if they were, yet there are not in the Planets organs of senses through which the aforesaid path and distance could be perceived. Therefore [they cannot move them]." I answer, [first,] by denying the Major—as [a thing] unworthily brought against the most perfect mode of understanding with which the Angels are endowed; for they understand, without sensations, all sensible things, and all corporeal motions, and the figure describable by them, by impressed species alone and ideas divinely infused—indeed far more perfectly than Kepler [understood] those Ellipses and librations of his; unless he is so dull as to think that the Angels, without eyes or hands, etc., do not understand the figures and ratios of the motions, and the intervals between the Planets and the center of the world—which Kepler himself thinks are understood by himself (although not immediately through the senses, but deduced by reasoning from observations); or [so dull as to think] that they do indeed understand, but cannot, without corporeal organs, impress on the Planets a motion such as shines forth in the intelligible Ideas of them.


[…continues on p. 250 (PDF 285): "Than which saying or thought, what can be more stupid? Could a painter, then, be found who would draw a perfectly straight line and a most perfectly round circle without ruler and compass — and an Angel will not be able, without any corporeal instrument, to impel a Planet, or lead it around through that orbit through which the Keplerian Sun and its soul (which is neither intellective nor sensitive) drive the Planets around by a certain blind direction? But I am ashamed, in Kepler's name, to linger longer on these trifles…"]





(printed p. 250 — concluding the rebuttal of Kepler: it is ridiculed as stupid to grant that a painter might draw perfect lines freehand yet deny that an Angel can impel a Planet without corporeal instrument, when Kepler's own solar soul drives the Planets by blind direction. Riccioli declares himself weary of refuting such trifles and turns to three further Questions of the chapter.)

On the Mode by which the Intelligences move the Heaven or the Stars

[IX.] It is wont to be asked whether the Intelligences move the heavens—or generally whether the Angels move bodies—by intellect and will alone, or rather by a power distinct from both of these. For [that] the Intellect and the mere desire or command of the will suffices, [this] thought Averroes, Durandus, Bassolis, the Argentine [Gregory of Rimini], Capreolus, Soncinas, [William of] Paris, Hervaeus, Aquarius, Victoria, and certain other Thomists (whom the Conimbricenses cite, 2 On the Heavens, ch. 5, q. 7); and Amicus (tract 5, On the Heavens, q. 6, dub. 6); and among ours [Jesuits] there follow Vasquez (disp. 102, ch. 5), Delrio (2 of the Magical Disquisitions, q. 6), and Molina (Prima Pars, q. 54, art. 5). And St. Thomas strongly favors them (ibid.; and Quodlibet 2, art. 2; and Opusculum 11, art. 3 and 13; and q. 16 On Evil, art. 1, ad 14); and Aristotle (On the Soul bk. 3, text 49), where he said: "Both of these, therefore, are motive with respect to place—the intellect and the appetite." For another power seems to be multiplied in vain, especially in a merely intellectual nature, in which it is fitting that those [powers] which in inferior [beings] are dispersed be united, and [that] all its powers be merely intellectual.


[Margin: An Angel's locally-motive power is distinguished from intellect and will.]



But, on the contrary, [that] a power locally-motive of itself and of bodies is distinguished from the intellect and will of the Angels—[this] more rightly taught Scotus (on [Sentences] 4, dist. 10, q. 7; and on 1, dist. 45), Henry of Ghent, Mayronis, Aureolus, Cajetan, Godfrey [of Fontaines], and others (whom the Conimbricenses and Amicus adduce and follow above); Suárez (disp. 35, Metaphysics, sect. 2, num. 21; and On the Angels bk. 4, ch. 29), Raynaudus (in the Natural Theology, dist. 4, q. 3, art. 4), Rubius (2 On the Heavens, ch. 5, q. 11), Tanner (Prima Pars, disp. 5, q. 5, dist. 1), Meratius (disp. 21 On the Angels), and Alarcon (disp. 6, ch. 8). For both the objective concept of these powers, and the proper object, are different; nor can the intellect elicit any operation other than intellection, nor the will [any] but volition, as it is such a power; but neither of these is local motion, or the production of the impetus effecting it—otherwise [the Angel] could move [a body] in an instant, and to any distance, and [a body] however large, because the Angel can understand and love these [things]. Therefore the intellect, by directing and proposing, and the will, by commanding, can be only the moral cause of this motion; but there is need of an executive power, to which the command is given—as St. Thomas also taught (q. 6 On Power, art. 7; and Quodlibet 9, art. 10); nay, in the Prima Pars (q. 25, art. 1) he teaches that the divine power implies the character of a principle executing what the will commands, and to which knowledge directs. When, therefore, he teaches that God and the Angels move by intellect and will alone, he is to be understood as excluding a motive power really distinct [from them], or adequately including corporeal organs, such as is in animate beings. But I suppose, from what we said elsewhere in the treatise On the Angels, that they impress a certain quality—translative of the movable from place to place—which is called impetus, and from which motion immediately follows (as Molina also teaches, Prima Pars, q. 110, art. 3; Vasquez, disp. 128 and 218; and Tanner, above, dub. 2), at least when the movable body is separated from the Angel. Granted that Suárez teaches that only motion is produced by them (disp. 35, sect. 6, num. 24; and On the Angels bk. 4, ch. 31), and Amicus above—at least when [the Angel] is immediately present—whether that impetus be spiritual (inasmuch as [it is] from a spiritual principle), or rather corporeal (inasmuch as [it is] ordained for moving a body, and received in a corporeal subject).

Whether, and where, the Moving Intelligences are at rest

[X.] It is asked, moreover, whether the Intelligences, while they move the heaven or the Planets, are at rest—and in what part of the heaven—or whether they fly around together with them. That an Intelligence resides in one determinate place of the heaven, and thence impresses motion on the heaven (to which it is immediately present), which is afterward diffused into the other parts of the heaven, [this] taught Aristotle (Physics bk. 8, last chapter, text 84; and On the Heavens bk. 2, ch. 2), St. Thomas (Prima Pars, q. 52, art. 2), St. Bonaventure and Scotus (on [Sentences] 2, dist. 2, q. 5), the Conimbricenses (2 On the Heavens, ch. 5, q. 8), Tanner (vol. 1 of the Theology, disp. 5, q. 5, dub. 2), [and] Amicus (tract 5, On the Heavens, q. 6, dub. 6). And that that part [where the Intelligence resides] is at the Equator (where the motion is swiftest) and in the East (whence the motion begins), the Peripatetics teach. But others distinguish, and say that the Intelligence which moves the total heaven (that is, one whole heaven—say, the prime mobile) rests in one determinate part of it; but those [Intelligences] which move the Planets, they say are moved according to the motion of the Epicycle, so that they may impress a different motion on it and on the Planet—so Bartholomew Mastrius and Bonaventure Bellutus (disp. 2 On the Heavens, q. 4, num. 148)—granted that they say it seems to Scotus inconvenient that the Angels run around, and are moved according to the motion of the heaven.


[Margin: The Angels that move the Planets are moved with them.]



But I think it must be answered otherwise. For, speaking of the Planets—since they are moved in the fluid ether (from what was said in sect. 1, ch. 7, num. 21)—it is consonant that the Planets are led around by the Intelligences; for [the Intelligences] are not everywhere, nor can they produce an impetus or motion in a body enormously distant (as I suppose, from Sts. Damascene, On the Faith bk. 2, ch. 3; Ambrose, On the Holy Spirit bk. 1, ch. 10; Chrysostom, homily 3 on [the Letter] to the Hebrews; and Gregory, Morals bk. 2, ch. 2); for their place is circumscribed and limited, and [their] power finite. And this is conformable to Sacred Scripture, if that [text] of Ecclesiastes 1—"The Sun rises and sets, and returns to its place; and there, rising again, it wheels through the South and is bent toward the North: the spirit, surveying all things, goes on in its circuit, and returns into its circles"—be understood of the Spirit, that is, of the Intelligence moving the Sun (with St. Thomas, Opusculum 10, art. 6)—Pineda and Lorinus not refusing [this] on that passage of Ecclesiastes (although they bring other interpretations too); nay, nor [refusing it] St. Jerome, who, since he concedes that it can be understood of a spirit or mind setting the Sun in motion, and elsewhere disapproves of Origen's granting a soul to the stars, seems able to take [it] of an Intelligence not informing, but extrinsically moving, the Sun. This being posited—if Sacred Scripture be taken to the letter, as it can be—it can sufficiently be confirmed from this that the Angel which moves the Sun also itself goes around, and accompanies the Sun which it moves. The same opinion—about Angels carrying the Planets around—I afterward saw defended by John Anthony Delphinus (in a truly learned opusculum, On the Celestial Globes, p. 80), and in Arriaga (the single disputation On the Heavens, num. 54). But if the discourse be about the heaven of the Fixed [stars]—whether it be moved by one, or by several, Intelligences—it can be conceded that they reside in a single place of the heaven; but if it be one [Intelligence], and any point of the heaven at the Equator be rising with respect to some horizon, it will be necessary to determine some particular region—say Palestine—in whose eastern horizon that Angel is; or, to avoid this singular position, and the difficulty in moving so vast a machine, it could be done by several Intelligences disposed in a circle. But to divine about these [things] is not for our weakness; and so we ought to remember those divine rebukes of Job 38: "Dost thou know the order of heaven, or wilt thou set down the reason thereof on the Earth?"

How many are the Moving Intelligences of the Heavens, and [whether] God [is] among them?

[XI.] There were not lacking certain unnamed [persons]—[noted] by Fracastorius (in the Homocentrica, sect. 1, ch. 7)—who would say that all the celestial orbs are moved by a single Intelligence (among whom [holding this] Alpetragius [al-Bitrūjī] is numbered): just as by one soul all the vital operations of one body are carried out; especially since no heaven resists a motion once impressed, nor is there need that the contact of the Angelic power be immediately—


[…continues on p. 251 (PDF 286): "…applied to all the parts of the body to be moved, but [it suffices] to be present to one part, whence the motion is diffused into the others. But, as the Conimbricenses note (On the Heavens bk. 2, ch. 5, q. 8), and Mastrius and Bellutus (disp. 2, q. 4, num. 147), it is the common opinion of the Theologians that the sphere of Angelic activity is defined by certain spaces, and their power limited…" — then the question of the number of Intelligences (4? 12? 24? seven?).]





(printed p. 251 — completing [XI.], the refutation of the single-Intelligence view: angelic power need touch only one part of the movable body, yet the common opinion of the Theologians holds that angelic power is limited to definite spaces, so one Intelligence could not impart such various motions to so many vast heavens. Since the planetary heaven is fluid, at least seven Intelligences besides that of the Fixed stars are required, in conformity with the order of offices and with Aristotle, who posits an Intelligence for each partial orb.)


[Margin: Whether God [is] among the moving Intelligences?]



But, moreover, it is disputed whether Aristotle numbered God among these Intelligences, as the immediate mover of the supreme heaven—as the Conimbricenses think (2 On the Heavens, ch. 5, q. 6), Piccolomineus, Pendasius, Rubius, Aversa, and Amicus with Gregory (on 2, dist. 1, q. 1, art. 1); or whether [God] is rather outside and above this number, inasmuch as he does not move that heaven except by means of some created Intelligence—as St. Thomas thinks (1 Against the Gentiles, ch. 13) and with him the Thomists, likewise Jandun (12 Metaphysics, q. 17), the Abulensis [Tostatus] (on ch. 27 of Exodus, q. 3), Scotus (on 1, dist. 2, q. 1; and dist. 8, q. 5; and Quodlibet 7), Contarenus (On the Heavens, in the question on this matter), Suárez (disp. 35 Metaphysics, sect. 1), [and] Mastrius and Bellutus (disp. 2 On the Heavens, q. 4, art. 4). And indeed, since Aristotle thought that God necessarily acts toward the outside [ad extra], as St. Thomas teaches (q. 16 On Evil, art. 10; and 12 Metaphysics), and so exerts his whole effort; and that besides he is of infinite power—it would follow, from Aristotle's discourse (8 Physics, text 78 and 79), that God moves with infinite velocity and in no time; or, if anything resisted him, that finite power could prevail over, or be equivalent to, infinite [power]—both of which are absurd. Moreover (12 Metaphysics, text 36) he taught that the first mover moves as [something] lovable and desirable, inasmuch as the created Intelligences, contemplating his supreme goodness in communicating being to themselves and to other things, strive to assimilate themselves to him by moving the heavens, and through their motions and influxes to communicate very many goods to inferior natures: whence it comes about that God moves the heavens by way of the good and the end, or even of an Idea—yet not excluding the effective concourse by which, as a universal cause, he concurs immediately with all effects. And thus he is to be understood in the same place, text 38, where he says that the prime mobile is moved by the first Intelligence; and text 45, where he numbers as many Intelligences—the first not excluded—as there are orbs.


[Margin: The Aristotelian number of Intelligences.]



Therefore, since [Aristotle] had learned from Eudoxus that the whole inequality of the Planets in motion could be demonstrated by 25 anastric [reverting] orbs, and by Callippus [by] 33, Aristotle himself, believing the heaven to consist of solid orbs, added 22 other orbs, ἀνελίττοντας [anelittontas]—that is, "Revolving" [counter-rolling] ones—namely, so that any lower orb might be freed from the carrying-along [raptus] which, on account of the contiguity of the surfaces, it was going to suffer from the higher one, by means of an interposed Revolving [orb] striving in the contrary [direction] with an equal time, and by that reluctancy exhibiting the appearance of a [body] at rest; so that the lower or inner orb, resting upon that orb as upon an immovable one, might accomplish its own proper period: as Kepler expounds (on Mars, ch. 2; and in the Epitome of Copernican Astronomy, bk. 4, p. 505)—but in those passages he wrongly says that the Movers set down by Aristotle [are] 49, or according to Callippus 53 or 55. For below (sect. 3, ch. 5, num. 5) we shall show that, according to Aristotle's mind, they are 55, and with the prime Mobile 56; but under another hypothesis 47, and with the sphere of the Fixed [stars] 48; and we shall uncover the errors of many in this Aristotelian number. Again, [in] sect. 3, ch. 7, there will be treated the 70 solid orbs which Fracastorius devised in the Homocentrics, compacted of Circitors, Anti-circitors, Circumducents, [and] Contravects, etc.


[Margin: A conjecture about the number of Intelligences.]



[XII.] If, moreover, it were permitted me to determine anything by some conjectures about this number, I would say that—besides the Intelligences (whether 4, or 12, or 24) moving the supreme orb of the Fixed [stars]—there are seven principal Intelligences, destined for revolving the seven Planets; and that these are those seven Spirits about whom, with Trithemius and Cornelius a Lapide, I said many things worth knowing in bk. 7, sect. 1, ch. 1—which it will be helpful to reread in this place. I would add, however, less principal Angels, either for the less principal motions in altitude and latitude, or at least for Companions [satellites]—two to be turned about for Saturn singly, and four for Jupiter; for to the spots of the Sun, which are generated and perish from time to time, I would by no means assign individual Angels. But I fear lest God and the Angels themselves, if it be lawful to say [so], deride these efforts of ours, as [those] of men who would wish to investigate the things which are above us.




Chapter II, On the Instruments of the Celestial Motions: whether they are solid Orbs, or mere Circles describable in the fluid ether; and [whether] these [are] Eccentrics with Epicycles, or mere Concentrics


[Margin: Who [is] the Eccentrist and [who] the Concentrist?]



[I.] Although the admirable variety of motions in the Planets has been detected by observation, and indeed [is] as manifold as we indicated in bk. 7, sect. 1, ch. 7; nevertheless [this variety], according to the threefold dimension of bodies, was more manifest to the ancient Physicists and Astronomers—namely, according to longitude, latitude, and depth or altitude. But because, out of these very [dimensions], the diversity as to altitude was not patent to all, or was not seen [to be] real but apparent (arisen from some deception of our sight, or from the diversity of the interposed medium), hence two most ancient sects took their origin. One [was that] of the Eccentrists, who, namely, said that the motions of the Planets are accomplished by orbs having their center diverse from and distant from the center of the World, together with smaller orbs—which, fixed in the larger, they called Epicycles—by whose aid they explained the inequality in motion both of longitude and latitude, and of altitude. The other [was that] of the Homocentrists or Concentrists, who, namely, affirmed that these motions are accomplished by orbs concentric with the center of the World, in such a way that the Planets really always preserve the same distance from the center of the World which each once had; but [they held] that, since their orbs were moved upon diverse poles, some orbs hastening, others retarding, it came about that the motion of the Planet, which in itself was equal [uniform], appeared unequal. But what Eccentrics are, what Epicycles, what Concentrics, "Trepicycles," etc., and by what reasoning they are imagined to be interwoven with one another, we have declared abundantly—by an appended diagram—for the Sun indeed in bk. 3, ch. 19 and 21, for the Moon in bk. 4, from ch. 25, and for the rest of the Planets in bk. 7, sect. 2, ch. 1; and therefore we refer the Reader thither.

[II.] The Authors of each sect, however, are further subdivided into two classes. For some thought that all these motions are accomplished by solid orbs; others without solid orbs—namely, in the liquid ether—whether by an intrinsic faculty and principle implanted in the Planet, or by an informing soul, or by an Intelligence merely presiding over [them] and leading the Planets around through circles [that are] designable and describable only by imagination or intellect. But this part of the controversy—about the solidity and fluidity of the heavens, abstracting from the concentricity and eccentricity of the orbs—we have already sufficiently weighed in Section 1, ch. 7, where, among the asserters of solid orbs, we placed not only Alfraganus with many of the Arabs, Sacrobosco, and Peurbach with [their] followers, but also, of the Ancients, Eudoxus, Callippus, and Aristotle—inasmuch as they attributed the inequality of the motions to diverse orbs revolved about diverse poles—


[…continues on p. 252 (PDF 287): "…and to an orb in which the Planet was fixed, [these orbs] pushing forward or rolling back; nay even [the view] of Anaximander, of whom Plutarch (bk. 2, On the Opinions of the Philosophers, ch. 16) says: 'Anaximander carries [the stars] around by circles and orbs, in which each star is placed.' For neither Peurbach nor the Arabs first introduced that solidity of the orbs…"]





(printed p. 252 — continuing [II.], on who first asserted solid orbs: the doctrine of stars carried in circles and orbs is traced back as far as Anaximander, on Plutarch's testimony. Neither Peurbach nor the Arabs first introduced the solidity of the orbs; Peurbach merely stuffed Ptolemy's eccentrics and epicycles into solid material, so that he and Alfraganus were authors of solid Eccentrics and Epicycles, not of solid orbs as such.)


[Margin: Ptolemy does not support the solidity of the orbs, but rather [their] fluidity.]



[III.] For Ptolemy and Hipparchus—nay even the Pythagoreans, who introduced the Eccentrics and Epicycles, or [who] more perfectly delineated [them once] introduced into Astronomy—by no means consigned them to the solidity of orbs, but, either abstracting from solidity, or rather supposing fluidity, set forth the motions of the Planets by mere circular lines, and explained their hypotheses by bare circles, or by the peripheries of circles. And so concerning them—or at least concerning Ptolemy—judged St. Thomas (lect. 10 on 12 Metaphysics), Piccolomineus (in the Theorics of the Planets), Vielmius (lect. 21 on Genesis), Martinengus (in the Gloss, p. 1023), Kepler (on Mars, ch. 2; and in the Epitome of Copernican Astronomy, bk. 4, part 2), Cabeus (on 1 Meteorology, text 38, q. 2), [and] Blancanus (in the Sphere). But what need is there of a gloss, since Ptolemy's own meaning is sufficiently plain and clear? For thus Ptolemy (bk. 13 of the Great Work, or Great Construction [the Almagest], ch. 2), speaking of the manifold motion of the Planets, especially in latitude, says:


"But let no one think hypotheses of this kind too laborious, when he considers the manifold artifice which is required in carrying them out; for it is not fair to equate human [things] with divine, or to seek assurance about sublime things from the examples of things most dissimilar. For what is more dissimilar than the things which always behave in the same way [compared] to the things which never are constant with themselves, and [than] the things which can be hindered by any cause whatever [compared] to the things which cannot be hindered even by themselves? Rather, one ought to strive that the hypotheses be made as simple as possible and adapted to the celestial motions; and, if this does not succeed, that they be at least such as are possible for us. For if, by such hypotheses, it follows that all the things which appear in the heaven are accounted for, what wonder is it if this variety can befall the celestial motions? Especially since there [in the heaven] there is no nature which would hinder the motions, but [a nature] which is apt by birth to yield to the natural motions of each globe, even if they seem to be contrary; so that all things can permeate through those simple bodies—widely and liquidly diffused—and be transparent or seen through, equally [in every direction]. Nor only in circles can this rightly proceed, but also in the very spheres and axes of the revolutions, whose variety and alternating diversity of motions it is so laborious and difficult for us to represent in constructed figures and in the examples of [planetary] Theorics, that the motions seem to hinder one another. In the heaven, however, that variety of motions least hinders itself. One ought not, therefore, to judge the simplicity of celestial things from those things which can appear simple to us, since there is nothing with us which would appear equally simple to all men. For if anyone should wish so to estimate, he will think nothing in the heaven [to be] simple—not even the stable and simple nature of the prime mobile itself; because something similar [to it] among men is not only difficult to find, but even altogether impossible. Not, therefore, from these [things], but from the very nature and immutability of the celestial motions, must judgment be made. For thus it will come about that all those motions appear simple, and indeed far simpler than the things which seem to us most simple, since we can devise nothing of difficulty, and nothing of labor, in their periods."



Since, therefore, Ptolemy names spheres and axes, while nevertheless he acknowledges the very greatest simplicity of the motions—and that too through a single continuous line—and posits the Planets as going through the substance of the ether [which] yields and in no way hinders [them], who does not see that he favors the fluidity of the heavens rather than [their] solidity? And so St. Thomas understood him (1 p., q. 70, art. 1, ad 3), the Carthusian (art. 12 on Genesis), [and] Kepler (in the Epitome, p. 504)—granted that [Kepler] in that [place] reprehends [Ptolemy's] motion [as] from an intrinsic and natural [principle in] the Planets, and the divinity attributed to them, and the exclusion of every figure or image or example of our [terrestrial] things; for Kepler thinks that, by means of the Ellipse, and by examples of the balance and the Magnet and things like these, the motions of the Planets can best be represented. But below there will again be discourse for us about this simplicity of the motions, according to Ptolemy's mind. Now we must come to the other part of the proposed question: namely, whether—whether in a solid or in a liquid ether—the Motions of the Planets can be accomplished in the heaven and explained on earth by concentric orbs or circles alone; or whether Eccentrics, or [things] equivalent to Eccentrics, are required.


[Margin: 1. Opinion — asserting Concentrics.]



[IV.] The first opinion was that of the Homocentrists, some of whom thought the motions of the Planets equal [uniform], others indeed unequal, but [thought] their intervals from the center of the world equal. About them that [text] of Plutarch (bk. 2 On the Opinions [of the Philosophers], ch. 16) can be understood: "Anaximenes [held] that the stars, both around the earth and above the earth, are turned in the same way. Plato and the Mathematicians [held] that the Sun, Venus, and Mercury are moved with equal motions."


[Margin: Anaximenes. — Eudoxus. Callippus. Aristotle.]



But chiefly Eudoxus of Cnidus and Callippus of Cyzicus, who, since with Plato's opinion they judged the celestial motions to be circular, uniform, and perpetual, attempted to explain every real variety of the motions by orbs concentric with the center of the universe—which very [thing] Aristotle confessed [could be done only] by adding other orbs, as is plain from Simplicius (on bk. 1 and 2 On the Heavens) and from Aristotle himself there and [in bk.] 12 of the Metaphysics. Whom Averroes followed there, and Achillinus (in the book On the Orbs), and the Conciliator [Pietro d'Abano] (diff. 1). Which opinion, when Sosigenes, Hipparchus, and Ptolemy had repudiated it (Eccentrics and Epicycles being called in), and when all the Astronomers thereafter had followed Ptolemy—nevertheless a very few called [it] forth again into the light from the rubble: namely John Baptist Amicus of Cosenza (in the opusculum On the Motions of the Celestial Bodies, published in the year 1537), John Baptist Turrianus, and his heir in this [matter] Hieronymus Fracastorius (in the Homocentrics, [published] in the following year, that is, 1538), Lucillus Philalthæus (on 2 On the Heavens, text 51), Andreas Cæsalpinus (bk. 3 of the Peripatetic Questions, q. 4), and at last John Anthony Delphinus, a Franciscan of Casale Maggiore (in the book On the Celestial Globes and Orbs)—whom Alpetragius [al-Bitrūjī] favors in many things in his celestial physics. Our [own] Bartholomew Amicus, however, is mistaken (tract. 5, On the Heavens, q. 5, dub. 2, art. 2) when, among these authors, he reckons all the Astronomers who posit the heaven [to be] fluid, and the stars in it [to be] going like birds in the air or fishes in the sea; since neither Tycho, nor Kepler, nor Bullialdus, nor finally any of the more recent Astronomers who assert the heavens of the Planets [to be] fluid, has used mere concentric circles in his hypotheses.


[Margin: A lapse of Bartholomew Amicus.]

[Margin: 2. Opinion — positing Eccentrics.]



[V.] The second opinion was that of the Eccentrists, that is, of those who, in setting forth the motions of the Planets, used circles, or Ellipses, or as it were circular spirals, but having a center diverse from the center of the world; or [used] concentrics indeed, but bearing various Epicycles equivalent to eccentrics. The inventors of this opinion were the Pythagoreans, as Simplicius reports from Nicomachus (on bk. 2 On the Heavens); who also reports that Aristotle's opinion about Concentric orbs was rejected by Sosigenes, on the ground that it could not safeguard the greatest part of the motions—especially the stations, retrogradations, [and] elevations from and depressions toward the earth—where, nevertheless, [Sosigenes] describes no determinate hypothesis [of his own]. Hipparchus, however, and Ptolemy everywhere in the Almagest, and thereafter Albategnius, Alfraganus, Geber, Thebit, Peurbach with his expositors, Copernicus (in the work On the Revolutions), Maginus and Piccolomineus (in [their] Theorics), and from Tycho onward all the Astronomers, persisted in the same opinion. But [some] disputed on its behalf and, with distinct arguments, asserted it—chiefly Maior (on 2, dist. 14, q. 4), Peter of Ailly [Alliacensis] (q. 13 on the Sphere), Christopher Clavius (on ch. 4 of the Sphere of Sacrobosco), and Bartholomew Amicus (tract. 5, On the Heavens, q. 5, dub. 2); and these very [men] of old were confirmed by many indications [by] Pliny (bk. 2, from ch. 15 to 17) and Martianus Capella (bk. 8, On the Nuptials of Philology and Mercury, in the chapter [showing] that the Earth is not the center for all the Planets).

THE SINGLE CONCLUSION

The motions of the Planets are not made through circles Concentric with the center of the World, but through Eccentric circles, or quasi-circles, or through [things] equivalent to Eccentrics.

[VI.] The first argument could be drawn from the Authority of all—


[…continues on p. 253 (PDF 288): the first argument from authority — the great multitude of Astronomers, both ancient and modern, who used Eccentrics and Epicycles…]





(printed p. 253 — completing [VI.], the first argument, from authority:)


[Margin: 1st argument, from the inequality of the intervals.]



[VI.] [The first argument could be drawn from the Authority] of nearly all the Astronomers from Hipparchus down to this our age, who through seventeen centuries held this method of setting forth the celestial motions, with very few resisting—and those (if you except Fracastorius) unskilled in celestial observations. But in an Astronomical question it is better to confirm our assertion by reasons. The first reason, then, is taken from the unequal distance of each Planet from the center of the earth: for within one [and the same] period they are now farther from the earth, now nearer, now at a certain middling interval. For we proved the Moon's unequal distance from the earth, from the diversity of the Lunar parallaxes, in bk. 4, ch. 14. And, diverse distances of it being posited, there follows necessarily a varying distance of the Sun from the earth, on account of the Astronomical connection which the Sun's distance has with the phase of the dichotomous [half] Moon, as is established from the problem of Aristarchus, and from our careful and legitimate use of it, often reduced to practice and set forth in bk. 3, ch. 7. Wherefore, although from the diversity of the Solar parallaxes the diversity of distances cannot be shown so evidently, yet from the Moon's distances, and from the time between the appearance of the half-Moon and the moment of Quadrature, it can be gathered. And, the varying distance of the Sun from the earth being acquired, the distances of the remaining Planets become known, because they have no less a connection with the Sun's distance than their motions have with the motion of the Sun, as can be established from what was said in bk. 7, sect. 2 and 3, and sect. 6, ch. 2. For equations congruent with the true motions and observed places of the Planets cannot be deduced, except by supposing in their hypothesis a diverse distance from the Sun and from the earth.

Moreover, in all seven planets a diverse apparent magnitude is observed—and in the Luminaries indeed both outside Eclipses and in Eclipses, whose magnitude is varied according to their varying recession from or approach to the earth. But in Mercury, Venus, and Mars, that variety too has been observed with Telescopes, so that they appear sometimes full of light, sometimes gibbous, sometimes crescent [falcate], as we showed in bk. 7, sect. 1, ch. 2. Finally, how much larger Mars and Venus appear at perigee than at apogee, we taught clearly in bk. 7, sect. 2, ch. 3 (in the scholia), and sect. 6, ch. 4 (likewise in the scholia), and ch. 10 (likewise in the scholia). If the Reader has well understood these [things], there will hardly remain to him any doubt about that variety of apparent magnitude.


[Margin: The true cause of the diverse apparent magnitude.]



But now the aforesaid variety cannot be referred either to vapors of the air now thicker, now thinner, nor to parts of the heaven now denser, now rarer—as Fracastorius, Amicus, and Delphinus dared to refer it. For there both stands in the way the most invincible argument drawn from the parallaxes, which shows the diversity of distance (from which necessarily follows the diversity of apparent magnitude); and besides, the same planets appear frequently larger when either there are no thick vapors in the air, or [the vapors] are far from them; and finally [there is] the wonderful agreement in the proportion of the increase and decrease of this apparent magnitude with a determinate situation with respect to the Sun—for the three superior Planets always appear very large in opposition with the Sun, and in the acronychal [midnight] position [when] made retrograde; and very small around conjunction with it; and Venus and Mercury always appear largest when crescent—and these Phenomena are discerned whatever, in the end, be the season of the year, and in whatever part of the Zodiac. Besides, if a diverse density of the heaven running underneath were the cause of this variety, the magnitude of the Fixed [stars] too, and the brightness and splendor of the Planets, would also be changed from time to time—for [their light] would either be blunted by the density, or, the rays converging, would appear more intense by the force of refraction. Finally, it would be necessary to multiply so many heavens or celestial Zones slipping beneath the seven Planets, with denser and rarer parts—and indeed one heaven below the Moon—which would happen by no necessity, nay by scarcely the slightest probability, since the same could be done far more naturally and more simply through the alternating elongation of the Planets from the earth, and [their] approach—that is, through that [same cause] by which the inequality of motion in longitude is also said to come about. But if anyone be unwilling, in this matter, to use Eccentrics or Concentro-epicycles, but [will use] concentric circles now larger now smaller—yet, in order to make them continuous, as the observations demand—it will be necessary that these circles, becoming ever wider and wider, follow rather the form of a spiral gyration than of perfect circles returning into themselves, concentric with the world.


[Margin: 2nd argument, from the unequal motion.]



[VII.] The second argument is taken from the inequality of the motions in longitude and latitude, which we have already described in bk. 3, ch. 19 (where [we treat] of the Sun), and bk. 4, ch. 18 (where of the Moon), and bk. 7, sect. 1, ch. 7 (where of the remaining Planets), but chiefly from the inequality of the Stations and Retrogradations, about which [we treat in] bk. 7, sect. 5, ch. 2. But although this argument makes our conclusion more probable, and although the aforesaid varieties are better and—according to the laws of Geometry—more elegantly and more beautifully set forth by Eccentrics and Epicycles (or [by] line-tracings equivalent to them), and the physical cause of such inequalities is in a manner set before the eyes; yet, to profess frankly what I think, it is not an evident argument; and, if the varieties of the parallaxes and the vicissitudes of the apparent magnitudes did not stand in the way, we could set forth all that interchange of speed and slowness through mere concentric circles, and through laws of motion rhythmic and logistic rather than geometric, as we shall say below.


[Margin: 1st objection resolved.]



[VIII.] It remains that we dissolve the arguments of the Homocentrists. First, it is objected against Eccentrics and Epicycles [that the center of the earth would not be at the center of the heaven, or the center] of the heaven would not be at the center of the World; but that this is absurd. It is answered by denying the Major as regards the supreme heaven of the Fixed [stars], and so as regards the whole heaven of the Planets, which is single and fluid, and whose convexity is bounded by the concavity of the Firmament. But if there be solid orbs, the Minor, taken of any [particular] heaven [you please], is denied, and conceded only of the supreme.


[Margin: 2nd objection.]



Secondly: to the elements of the Sun [the sublunary world] there belongs simple motion upward and downward; but to the celestial bodies straight motion does not belong, but simple circular [motion]. Yet if they were moved by the force of Eccentrics and Epicycles, upward motion would belong to the celestial [bodies]. Therefore. It is answered by conceding the Major concerning motion upward and downward along a straight line perpendicular to the globe of the earth—in which sense the Minor is denied.


[Margin: 3rd objection.]



Thirdly: every heaven, according to Aristotle, is perfectly spherical; but it would not be, Eccentrics being posited. It is answered, the Major being granted, by denying the Minor: for if the heaven of the Planets is fluid, it is really one and spherical with respect to the center of the universe; but if it consists of solid orbs, every Eccentric orb (as to its outermost surface), and every Epicycle (with respect to [its] proper centers), are spherical.


[Margin: 4th objection.]



Fourthly: if Eccentrics and Epicycles were granted, they could not be moved without penetration or splitting of the heavens, nor without [their] rarefaction and condensation, so that a less deep part should enter a deeper one: but this is unfitting. It is answered by denying the Major; for in the hypothesis of a fluid heaven the objection ceases; and in the hypothesis of a solid heaven too, the two Eccentrics are not moved in such a way (in a certain respect) that the less deep part of the one should succeed into the place of the thicker and deeper [part], as the Averroists imagine out of inexperience; but they are revolved proportionally in such a way that perpetually the thicker part of the lower Eccentric lies beneath the less deep [part] of the higher, and the narrower part beneath the deeper—so that the Eccentric simply has no other motion than the whole heaven of the Planet.


[Margin: 5th objection.]



Fifthly: according to Aristotle, the more a Planet is distant from the supreme heaven (which has simple motion), the more motions it needs in order to obtain its perfection; but in the hypothesis of Eccentrics and Epicycles the Sun has fewer motions than the three superior Planets. It is answered by denying the Major; for even according to the opinion of the Homocentrists, if they wish to safeguard the Sun's phenomena, fewer motions are to be assigned to it.


[Margin: 6th objection.]



Sixthly: all the phenomena [φαινόμενα] of the heaven can be defended by concentrics and a plurality of motions, as Aristotle affirms (bk. 2 On the Heavens); therefore Eccentrics and Epicycles are multiplied in vain—especially since the two Eccentrics carrying the apogee of the Planet seem superfluous, and a single one seems to suffice, as Augustinus Niphus says. It is answered by denying the Antecedent; for upward and downward motion cannot be defended through mere concentrics; but, solid orbs being posited, each Eccentric is necessary in the Ptolemaic hypothesis—not for carrying the apogee precisely (as Niphus thinks), but for this: that the whole heaven of the Planet should have a proper motion about the center of the world; for in other hy—


[…continues on p. 254 (PDF 289): "…potheses these motions are ordered otherwise. Seventhly Fracastorius objects: If the Sun is farthest (or most) distant when it is at the beginning of Cancer, and least when at the beginning of Capricorn, [either] it will describe on both sides parallels equally distant from the Equator (and so the Sun's maximum declination will not be equal on both sides…)…" — Riccioli answers the 7th–9th objections (of Fracastorius, and of Averroes), then turns to Aristotle's own modesty, and opens Chapter III on the motion of the Prime Mobile.]





(printed p. 254 — continuing [VIII.], the resolution of the Homocentrists' objections: the page opens mid-sentence, completing the remark that in other hypotheses these motions are ordered otherwise.)


[Margin: 7th objection, of Fracastorius.]



Seventhly, Fracastorius objects: If the Sun is more (or most) distant when it is at the beginning of Cancer, and least when at the beginning of Capricorn, [then] either it will describe on both sides parallels equally distant from the Equator—and so the Sun's maximum declination will not be equal on both sides, [namely] 23½ degrees, which is contrary to the observations (for the angle made at the center of the world, or at the surface of the earth, by two lines—the one terminated at the periphery of the Equator, the other at the center of the solar globe—will be narrower when the Sun is higher than when [it is] lower, as the laws of Geometry and Optics require); or, if the maximum declination of the Sun is on both sides equal, it will be necessary that the Sun, at the beginning of Cancer, describe a parallel more distant from the Equator than when it is at the beginning of Capricorn, and so that the diurnal arc of the longest day, in an oblique sphere, be not equal to the nocturnal arc of the longest night—which likewise is contrary to Astronomical experience and observations. It is answered: the maximum declination of the Sun is indeed equal on both sides, and the diurnal arc of the longest day [is] unequal, compared with the nocturnal arc of the longest night in the same oblique horizon; but that inequality is not perceived, on account of the immense distance of the Sun from the earth in each case, and the insensible parallax, which for us does not exceed 30″ [seconds]—besides that the varied refractions, accelerating the rising of the Sun and retarding its setting, not rarely compensate that inequality. You should remember, nevertheless, that the Sun's Apogee is not always situated at the beginning of Cancer.


[Margin: 8th objection, of Fracastorius.]



Eighthly: it would follow, from Ptolemy's opinion, that the Epicycle of Venus is of such magnitude that it would reach almost to the earth; for its semidiameter contains 43 degrees, and if it contained 45 degrees it would pass through the center of the earth. It is answered by denying the antecedent: for the semidiameter of Venus's Epicycle does not contain 43 degrees of the heaven of Venus (as Fracastorius falsely assumes), but 43 such parts as 60 of which are contained in the semidiameter of its Eccentric. Then, if you consult the Ptolemaic and Alphonsine least distance of Venus from the earth—which we set down in bk. 7, sect. 3, ch. 1, and sect. 6, ch. 2—you will see it to be 179 terrestrial semidiameters [and] 2′, according to Fernel, but 167 [semidiameters] 57′ according to Maurolyco and Clavius. But in our hypothesis, which we think truer, the least distance of Venus is at least 1917 terrestrial semidiameters.


[Margin: 9th objection, of Averroes and Fracastorius.]



Ninthly: if the Moon were revolved in an Epicycle, we would not always see the same face of the Moon, but one [face] at the apogee of the Epicycle, another at the perigee. But we always see the same. Therefore. I answer: Unless any other motion were attributed to the Moon, I concede the Major; but I deny [it] if there be attributed to it either a turning [vertigo] about its proper center toward the part contrary to the motion of the Epicycle (as Fernel attributes [it], in his Cosmotheoria), or [if] you transform the Epicycle into another Eccentric (as Maginus does), or [if] you use other equivalent hypotheses—about which [there is] enough in bk. 4, from ch. 26.

The remaining objections rest either on false observations, or on the mere authority of Aristotle defending concentrics—who, however, just as in this he subscribed to Eudoxus and Callippus, certainly, if he had lived after Ptolemy and had learned Astronomy from him, would have accepted other hypotheses; since he himself professed that in these matters the more skilled Astronomers are to be consulted. For in bk. 2 On the Heavens, ch. 7, text 34, he says:


"When, therefore, anyone has attained the more certain necessities, then he ought to be grateful to those who find them out; but for now, what seems [probable] must be said."



And in 12 Metaphysics, text 45, on the motions [lations] of the Planets, he says:


"But how many these are, we now say—for the sake of understanding—those things which certain of the Mathematicians assert, that we may perceive in the mind some determinate plurality. But for the rest, it befits us in part to inquire ourselves, in part to ascertain from the investigators of these matters, if anything beyond what has hitherto been handed down should appear, to those who occupy themselves about these things, to be so; and [it befits us] to esteem both indeed, but to adhere to the more certain."

[Margin: The modesty of Aristotle's genius.]



And a little after he confesses that he has spoken only probably about these [things], and that the necessary demonstrations must be sought from those more skilled in these matters, when he says:


"Wherefore the substances also, and the principles—both the immovable and the sensible—are so to be reckoned [to be], rationally (in Greek λογικῶς [logikōs]), that is, topically and probably: for what is necessary, let it be left to be said by [those] more powerful [than I]."



Let those Peripatetics hear [this] who contend that Aristotle—even against his will—always utters infallible oracles, and who try to carve him out for posterity, not as one walking in the Peripatos and ready to follow better [things], but as a stone statue immovably fixed to opinions once conceived.




Chapter III, Whether there is a Motion of the Prime Mobile distinct from the motion of the Fixed [stars] and the Planets, and in what subject [it is]; and whether the motion of the secondary Mobiles is contrary to it; and by what reasoning these two motions can be reconciled together

[I.] No motion among the celestial [motions] is better known than the motion of the prime Mobile, by which, namely, we see all the stars—but especially the Fixed [stars]—daily, in 24 hours, revolved from the same point to the same point of the heaven toward the West; and yet nothing is more obscure, whether [we ask] about the subject of this motion, or about its difference from the remaining motions of the stars, and about the manner of composing them among themselves without any physical repugnance. I touched on this controversy in bk. 6, ch. 18, in setting forth the Theoric of the Eighth sphere and of the Fixed [stars]; but because afterward I obtained other authors, and a repeated contemplation of this motion brought forth certain considerations not unworthy of being known—and because here at last is its proper place, where we treat of the universals common to all the stars—it pleases [me] to call the same [matter] back to the anvil.


[Margin: 1st opinion, placing the Prime Mobile in the single motion of the Fixed [stars].]



[II.] The first and most ancient opinion was that the Fixed Stars are set in motion by no other motion than the diurnal and common [one] toward the West—the [motion] peculiar to them upon the poles of the Zodiac, with the change of declination, not having yet been detected by certain observation, inasmuch as [it is] sensible only after many years, nor evidently demonstrable within the ordinary lifetime of one observer. This being posited, the first motion was nothing other than the very motion of the Fixed [stars], or of the Eighth sphere, about the axis of the Equator and upon its [the Equator's] own poles; and the eighth sphere itself was the Prime Mobile and the supreme Astronomical heaven, and the universal time was visible, and a most well-known measure, inasmuch as [it is] nothing other than the revolution of any one Fixed star—say, the Dog-star [Sirius]—to the same point of the same fixed Meridian. And that the Babylonians, and some of the Egyptians and Greeks—but especially Eudoxus and Callippus, and so too Aristotle—were of this opinion, is gathered from Aristotle himself (bk. 2 On the Heavens, from ch. 9, or from text 57 to 70; and 12 Metaphysics, from text 42 to 51), where, together with Eudoxus and Callippus, he attributes a single and most simple lation to the sphere of the non-wandering [fixed] stars; and among the other causes for which that [sphere] is filled with innumerable stars, he adduces this:


[Margin: Authors of this opinion: the Babylonians, the Egyptians, Eudoxus, Callippus, Aristotle.]



that by the multitude of stars the simplicity of the motion may be compensated, and—just as the spheres of the wandering [stars] have a single star but several motions—so the sphere of the non-wandering [stars] should have a single motion, but several stars: for thus [says] he (2 On the Heavens, text 67). And that this method of Astronomy flowed from the Egyptians and Babylonians to the Greeks, he relates (2 On the Heavens, text 60). Therefore the most ancient Babylonians and the Egyptians (as Albategnius relates, ch. 27, On the Science of the Stars), defining the Year, said that it is the Revolution of the Sun to the same Fixed star—just as if the Fixed stars were fixed points, and movable by no other motion than the diurnal. And Nimrod [Nembroth] the Chaldean, in his Astronomical work (in [the citation of] Augustinus Riccius, in the treatise On the motion of the Eighth sphere), ascribes to the signs of the heaven only a single motion. But neither were Hesiod and the other most ancient Poets of the Greeks of a different opinion, when they placed nine Muses in the heaven; for to the supreme [Muse], namely Calliope, they ascribed no peculiar voice, nor any motion, as Glareanus notes (bk. 2 of the Dodecachordon, ch. 8 and 13)—but the supreme, sharpest voice (on account of the greatest velocity of motion), which to Glareanus himself is the Mese [μέσον]—


[…continues on p. 255 (PDF 290): "…they gave to Urania, [as] moderating the sphere of the Fixed [stars]: wherefore Calliope, as the mistress of the celestial harmony, presided over the rest of the Muses and over keeping the motions of all eight heavens together in concord, and contained the voices of all, as Macrobius (bk. 2, on the Dream of Scipio) teaches expressly from Hesiod. But about Plato's opinion there are [some] who doubt…"]





(printed p. 255 — continuing [II.], the first opinion, mid-digression on the Muses-as-spheres: the highest and sharpest voice, answering to the swiftest motion, was given to Urania as moderating the sphere of the Fixed stars, while Calliope, mistress of the celestial harmony, presided over the other Muses and over the concord of all eight heavens, as Macrobius teaches from Hesiod.)


[Margin: Cicero's opinion.]



But about Plato's opinion there are [some] who doubt; yet he, in book 10 On the Republic, introduces a certain Pamphilius [Er]—slain in battle and reviving from the dead, and asserting that he had seen the traces of eight celestial motions, of which the eighth was driven with a most rapid course—and in the Epinomis he says: "The Philosopher ought not to be ignorant how the seven circuits are turned beneath the first." Nor indeed would Aristotle, his disciple, have kept silent about it, if Plato had taught another motion in the Fixed [stars] besides the diurnal; nor [would] Cicero, in the Dream of Scipio (translating much into Latium from Plato's books On the Republic)—for there he mentions Nine globes, among which the lowest he assigns to the immobile earth, but the highest [to] the heaven of the fixed [stars] with a single motion. For he says:


"Nine orbs, or rather globes, are all things connected, of which one is the celestial, the outermost, which embraces all the rest—the supreme God himself, confining and containing the others—in which are fixed those everlasting revolving courses of the stars; to which are subject the seven, which are turned backward by a motion contrary to the heaven."



And, the seven globes of the Planets being enumerated, he adds: "for that which is the middle and ninth, the earth, is neither moved, and is the lowest." And a little after: "but those eight courses, in which there is the same force of two, produce seven sounds distinct by intervals." Nay, a little before he had said: "and nature brings it about that the extremes sound, on the one side, low [grave], on the other, high [acute]. For which cause that highest course of the star-bearing heaven, whose revolution is swifter, is moved with a high and rapid sound, but this lowest and Lunar [one with the] gravest."


[Margin: Macrobius's opinion about Cicero's opinion.]



Granted that Macrobius (bk. 1, on the Dream of Scipio, ch. 17) thought that the proper motion of the Fixed [stars] was known to Cicero and indicated by him; for he says: "Besides the two Luminaries and the five stars which are called wandering, some [held] all the rest fixed in the heaven and moved only with the heaven; but others (whose assertion is nearer the truth) said that these too, by their own motion—besides that they are carried along with the revolution of the heaven—advance [precess]: but, on account of the immensity of the outermost globe, they consume ages exceeding a believable number in one circuit of their course, and therefore no motion of them is perceived by man, since human life does not suffice to detect even a brief point of so slow an advance." Hence Tully [Cicero], not ignorant of any school approved by the ancients, touched at once


[Margin: Philo's opinion.]



upon both views, by saying ("in which are fixed those revolving everlasting courses of the stars"): for he both called them fixed, and did not keep silent that they have courses. But who would not recognize that Cicero is violently dragged hither, since from that whole context of words it is plain that no other course was understood by him in the Fixed [stars] than the course of the supreme heaven, by whose running they run? Philo too (in the book On the Cherubim), a Platonist certainly, says: "The celestial orbs have motions contrary among themselves; of which the one carries the fixed stars to the right [dextrorsum], the other the wandering [stars] to the left [sinistrorsum]. But that outermost orb of the fixed stars is single, which is rolled from East to West: but the inner seven, namely of the wandering [stars], whose course—at once compelled and voluntary—has two motions contrary among themselves: but the compelled [one is] such as [the motion] of the fixed stars, etc."


[Margin: The opinion of St. Ambrose and St. Damascene.]



This opinion St. Ambrose too expressed (bk. 2 of the Hexaemeron, ch. 2, whose words we shall report in sect. 3, ch. 1, num. 9); and [St. John] Damascene, when (bk. 2 On the Orthodox Faith) he conceded a motion toward the East to the seven Planets alone, saying: "For they assert there are seven Planets—the Sun, the Moon, Jupiter, etc. But they called these the Planets, that is, the wandering [stars], because they accomplish their motion opposite to the heaven: for the heaven and the rest of the stars are moved from East to West; but these alone have a motion from West to East." Which opinion some of the Scholastics seem to have held—chiefly St. Bonaventure (on [Sentences] 2, dist. 14, art. 1, q. 1) and Aegidius [Giles of Rome] (part 2 of the Hexaemeron, ch. 26), in these words: "Therefore the orbs of the Planets, [because they] abound in motions, are deficient in stars; but the Eighth sphere, because it abounds in stars, is deficient (so to speak) in motions, because it has only one motion." Rubius too (2 On the Heavens, ch. 5, q. 1) and Hurtado (disp. 1 On the Heavens, sect. 1) called into doubt the proper motion of the Fixed [stars]. There is also extant a little book of Aben-Ezra [Ibn Ezra] entitled Mishpetei ha-Mazzalot [מִשְׁפְּטֵי הַמַּזָּלוֹת], that is, On the Judgments of the Stars, where it is said: "The great and glorious orb, where are the glorious armies of God, is called the heaven of heavens, because beneath it are the orbs of the seven Planets." Wherefore this author does not seem to recognize any other heaven above the seven Planets than the single [heaven] of the Fixed [stars]—which, however, he wrongly confounds with the Empyrean. But neither Pliny (bk. 2, ch. 8) recognized any motion of the Fixed [stars] other than this, nor Vitruvius (bk. 9, ch. 4). But as for the fact that Joseph Scaliger (in the book On the Emendation of Times, p. 283, and in the Diatribe on the Equinoxes, ch. 1) contends that Thales of Miletus, Meton, Euctemon, Aristyllus (or Aristarchus) and Timocharis, from the difference between the Tropical Year and the Sidereal [Year] of the Fixed [stars], came into the suspicion of some proper motion of the Fixed [stars]—by which they would gradually recede from the equinoctial points in consequentia [eastward]—that is rather Scaliger's suspicion than a proven assertion. For that first conjecture and recognition of the proper motion of the Fixed [stars]—indeed from their places observed by Aristyllus and Timocharis, but [from] Hipparchus comparing his own [observations] with the observations of those [men]—Ptolemy attributes [to Hipparchus] (bk. 3 of the Great Syntax [Almagest], ch. 2; and bk. 7, ch. 2 and 3); which [recognition] Ptolemy himself afterward made more certain, his observations being collated with Hipparchus's.


[Margin: 2nd opinion, distinguishing really two motions, and heavens for them.]



[III.] The second opinion was of those who thus recognized in the Fixed [stars] two apparent motions (Hipparchus and Ptolemy leading the way): one upon the poles of the Equator, from East to West, most rapid, and revolved in the space of 24 hours; the other upon the poles of the Ecliptic, from West to East, very slow—so that, for the diurnal motion, they thought a heaven really distinct from the heaven of the Fixed stars (that is, the Eighth sphere) [to be] necessary, by which all the inferior spheres would be carried toward the West—which motion accordingly they called [the motion] of Rapture [Raptus]. But in this opinion three classes of authors are to be subdistinguished.


[Margin: 1st class, positing 9 movable spheres.]



The authors of the first class posited only nine celestial spheres, and so recognized a Ninth [sphere] for the prime Mobile: Rabbi Moses [Maimonides], Rabbi Joshua (in the Book of Demonstrations), Haly (in the Quadripartite, ch. 11), and many Jews—nay, Aben-Ezra himself (in the book Te'amim, or of Reasons, as Augustinus Riccius relates, ch. 4, On the motion of the eighth Sphere); Sacrobosco (on ch. 1 of the Sphere), Scotus (on [Sentences] 2, dist. 4, q. 2; and 12 Metaphysics, comm. 44), Cajetan (on 2 Corinthians [12]), Delphinus (On the Celestial Globes, ch. 30). Finally Mastrius and Bellutus (disp. 2 On the Heavens, q. 1, art. 2) distinguish the Prime Mobile from the starry heaven, but posit a single starry [heaven]. Of whom Cajetan and Delphinus say the Prime Mobile is the crystalline heaven.


[Margin: 2nd class, [positing] 10 spheres.]



The second class posited ten movable spheres—namely, a tenth for the prime Mobile; a ninth for the motion from West to East to be imparted to the Fixed stars and to the Apogees of the Planets (the Moon excepted); but an eighth for the motion of access and recess from the equinoctial points, that is, [for] the libration or trepidation in longitude. In which class were many Arabs, Moors, and Jews, but especially Alfonso King of Spain, Georg Peurbach with his followers, John Regiomontanus (in the theoric of the Eighth sphere, and bk. 7 of the Epitome of the Almagest, prop. 6), Peter Apian (in the Caesarean Work [Astronomicum Caesareum]), John Baptist Amicus (On the celestial motions), and Peter of Ailly (q. 2 on the Sphere, who reports the opinion of 10 movable spheres and does not reject it), Maurolyco (dialogue 1 and 3 [of the] Cosmography, p. 24, and [p.] 29), Fernel (bk. 2 of the Cosmotheoria, ch. 1 and 7), Joseph Lang (in the Astronomical Elements, ch. 4), Clavius (in the earlier editions of the Sphere, p. 44 and 72), the Conimbricenses (2 On the Heavens, ch. 5, q. 1). To which class can be recalled Thebit, Arzachel [al-Zarqālī], and Isaac the Israelite (in the second treatise On the Foundation of the World), inasmuch as they admitted a motion of trepidation of the Fixed [stars] in longitude—granted that they ascribed its cause to the ninth heaven rather than the eighth, or left this disposition of the orbs in doubt.


[Margin: 3rd class, [positing] 11 spheres.]



The third class posits eleven movable spheres: the eleventh indeed for the prime Mobile; the tenth for the trepidation or libration in latitude, to be imparted to all the inferior spheres, that they may follow the variation of the obliquity of the Ecliptic; the ninth for the trepidation or libration in latitude, by force of which the anomaly of the motion of the Fixed [stars], and of the precession of the Equinoxes, is effected; the eighth, finally, for the equal or mean motion of the Fixed [stars] toward the East. So indeed John Werner (in [the work] of Erasmus Oswald [Schreckenfuchs] on the Peurbachian Theoric of the eighth sphere), John Anthony Maginus (in the Theorics, bk. 1, and in the Secondary Mobiles,


[…continues on p. 256 (PDF 291): "…canon 18); Leupold of Austria (in his Compilation); Clavius (in the last edition of the Sphere, p. 36) — which system Scheiner accordingly calls the Clavian system (in the Mathematical Disquisitions, num. 22); and the same number of movable spheres, of the ancient opinion, Antonius Deusing and Peter Gassendi set forth in their Astronomical Institutions. Some, however, of the authors of the second class — chiefly Clavius and the Conimbricenses — admit an eleventh heaven [as] immobile, that is, the Empyrean…"]





(printed p. 256 — continuing [III.], the third class of the second opinion: the enumeration of its adherents concludes with Maginus, Leupold of Austria, and Clavius — whence Scheiner calls it the Clavian system — while Deusing and Gassendi set forth the same number of movable spheres in their Astronomical Institutions.)

Some, however, of the authors of the second class—chiefly Clavius and the Conimbricenses—admit an eleventh heaven [as] immobile, that is, the Empyrean; nay, Clavius thinks the aggregate of the 9th and 10th heavens to be the glacial and crystalline heaven, which would have merited the name of "the waters above the heavens" in Sacred Scripture, on account of its transparency, and because in it there are no parts denser than others.


[Margin: 3rd opinion, of Turriano and Fracastorius, on 14 movable heavens.]



[IV.] The third Opinion was that of John Baptist Turriano and Hieronymus Fracastorius (in the Homocentrics, section 2, from ch. 1 to 17), where he posits, above the Aplanes (or sphere of the non-wandering [stars]), other movable orbs really distinct, but diverse in number and order and office from those which the authors of the second opinion posited; and he hands down diverse hypotheses of these motions, according as each one shall wish to acknowledge the motion of Trepidation, and [the motion] of the Fixed [stars, as] direct and retrograde, or direct only. But because he himself at last had thought it more probable that the motion of the Fixed [stars] is always retrograde, yet unequal, therefore in ch. 17 he concludes that above the Aplanes there are 14 orbs. The first or supreme is the Prime Mobile, with wonderful velocity in 24 hours carrying with itself, from East through West to the same East, all the orbs enclosed within it. The second is the Circumducens [Carrier-around]; which, cutting the Equator of the prime mobile orthogonally, and carried around through the upper colure from North to South in 3600 years in latitude, bears all the inferior orbs with itself—except insofar as some [orbs], contravected, hinder it. The third is the Circitor, proceeding through the lower colure of the Equinoxes; it is moved by the Circumducens per accidens in 3600 years from South to North, but per se it is moved toward the opposite region. The fourth orb is the Contravectus [Counter-carried], both to the Circitor and to the Circumducens; and through the upper colure it is borne from South to North with a doubly swifter motion, that is, in 1800 years. The fifth is the Anticircitor, which is carried around by the Contravectus always toward the part opposite to the Circitor. The sixth is the Contravectus to the Anticircitor, yielding to it imperceptibly, lest the Aplanes be carried around by a sensible motion in latitude. And beneath it, finally, is the Aplanes, the orb bright with so many lights and distinguished by the Milky circle, which per se completes one degree in 100 years, and in 36,000 years completes its revolution—but within that [revolution] it is now slower, now swifter. Wherefore above the eighth sphere these authors posit six movable orbs, so that they are 14 in all.


[Margin: 4th opinion, of a Prime Mobile distinct but not carrying [the rest].]



[V.] The fourth Opinion admits indeed a Ninth heaven really separated from the eighth sphere, which would be the prime Mobile; but it denies that the inferior orbs are carried [rapi] by it—that is, physically dragged or borne—nor does it absolutely concede that the participation of the first motion is composed of two motions really distinct and contrary; but it does not explain in the same way how the sphere of the Fixed [stars] and the spheres of the seven Planets are moved by that prime mobile.


[Margin: First class of this opinion.]



For Alpetragius [al-Bitrūjī] (in his Physical Theoric of the celestial motions) and—nearly—Achillinus (in the book On the orbs) deny that the prime Mobile carries the inferior orbs by identity, continuation, or immediate contact; but they say that the first Mover, or first Intelligence, impresses upon the separated orbs a turning motion from East to West, just as an impetus is impressed by one throwing a stone or hurling an arrow—which impetus becomes weaker and weaker the farther the spheres of the secondary mobiles are distant from the Prime Mobile. Hence all are indeed carried per se from East to West by a simple motion in longitude, but do not attain by their motion the velocity of the prime Mobile, and so per accidens the Fixed [stars] and Planets seem to retrocede toward the East, and to strive against the prime Mobile; but in reality this motion is single, toward the West—slower, however, in the Fixed [stars], and still slower in Saturn, and slowest in the Moon. But because he knew this motion to be oblique, and [to proceed] through helices, or a gyrating line (which the Arabs call Lacalabinum), and [knew] that the Fixed [stars] change their declinations, therefore he said this motion is made upon diverse poles going around the poles of the World by the force of little circles; and because, with Hermes, Theon, and Arzachel, he suspected the motion of the Fixed [stars] to be sometimes retrograde, or at least unequal, he posited the motion of the poles of the eighth sphere in circles about the poles of the world [to be] unequal. By which means he proportionally explains the anomalies and the directions, stations, and retrogradations of the Planets, without Epicycles and Eccentrics. But against him rise up Augustinus Riccius (On the motion of the eighth sphere, ch. 10), Fracastorius (in the Homocentrics, sect. 2, ch. 3), and Clavius (on the Sphere, p. 48), and other more recent Astronomers—but in that Alpetragius, by this hypothesis, does not explain or safeguard the motion of the Planets in altitude (thinking, I believe, that [the altitude motion] is apparent, not true), he is deservedly reprehended; whereas in that he safeguards the oblique motion of the Fixed [stars], or the anomalies of the Planets in longitude and latitude, he is undeservedly reprehended, as if he had explained that motion upon the same poles and through the same line.


[Margin: Second class of this opinion.]



The other mode of this opinion is that of Peter of Ailly, Cardinal and Bishop of Cambrai, who (in questions 2 and 9 on the Sphere) posits a tenth orb [as] immobile, [serving] to safeguard, from its influxes, the diverse properties of the terrestrial regions ([which are] immobile); but a ninth heaven he posits for the prime Mobile—and that in question 4. Yet he too denies that the inferior orbs are carried or dragged by it, or carried properly and physically by the prime mobile; for he says that the individual orbs have their own Intelligences, and that from the prime Mobile (or mover) there flows into the inferior [orbs] a certain power, which inclines them to a motion similar to the motion of the prime Mobile—just as nature inclines heavy things to upward motion, that a vacuum may be avoided—and so that such motion is neither purely natural nor violent; but that it would be violent and impossible if they were carried [rapt] by the prime Mobile. He concedes, moreover, that this motion is made upon diverse poles and axes; and (q. 13) he admits Epicycles and Eccentrics, or a motion equivalent to them, on account of the elevation and depression of the Planets. Wherefore in this opinion the Fixed [stars] and Planets are really moved by a single motion toward the West, and try to imitate the Prime Mobile; but because they do not imitate [it] perfectly, they seem by their slowness to go back toward the East.


[Margin: 5th opinion, positing a Prime Mobile [as] a ninth heaven, but crystalline, and without rapture.]



[VI.] The fifth Opinion is that of John Anthony Delphinus, of the Franciscan family, who in his book On the globes and celestial motions (ch. 19, 29, 30) affirms, with Alpetragius, that there is a Prime Mobile, and that it is the ninth heaven; but that this is the crystalline or watery heaven (which Sacred Scripture names by the name of "the waters above the heavens"); and that all the orbs are concentric with the world; but he says that the individual [orbs] are moved by their proper Intelligence, or by the Angels, always from East to West—yet in such a way that they move [them] more slowly than the first Intelligence [moves] the Ninth heaven, and besides now toward the South, now toward the North; and indeed not by natural necessity, but by free will, because they willingly serve the Creator commanding such a motion. Finally, he calls the denomination "Ninth mobile" metaphorical, inasmuch as it does not physically move the inferior spheres or globes, but [is] only, as it were, the first exemplar of the swiftest motion toward the West; and that the apparent motion toward the East comes from this, that they are abandoned by the swifter motion of the prime Mobile. Hither can be recalled Claramontius [Chiaramonti] (bk. 2 On the Universe, ch. 18; and bk. 6, ch. 1), inasmuch as he posits for the prime mobile a ninth heaven, which the other spheres—moved by the Intelligences with the diurnal motion alone—do not attain, and so seem to be retarded toward the East.


[Margin: 6th opinion, denying a Prime Mobile distinct from the 8 spheres, but positing two motions.]



[VII.] The sixth Opinion denies that there is a Prime Mobile really distinct, by an adequate distinction, from the eighth sphere and the remaining seven; but it says [the Prime Mobile] is distinguished only as a whole from the parts taken individually; yet it admits two motions. For [it holds] that the whole World, except the globe of the earth, is moved from East to West—that is, the eighth sphere, the seven orbs of the Planets, and the Element of fire and of air; and that the prime Mobile, under one aspect, is the aggregate of all eight spheres, which by priority of nature is so moved before [its] parts; under another aspect, it is the eighth sphere, inasmuch as the Intelligence moves it principally, as the nobler heaven—just as the soul is said to move first and principally the heart, then the other members. Yet, just as the heart does not move the other members, so neither does the sphere of the Fixed [stars] carry [rapit] the other spheres, but is moved together with the whole by the same Intelligence, as the whole body [is moved] by the same soul. And [it holds] that in the individual heavens there is a double appetite—one for the motion of the whole toward the West, the other for the proper motion—


[…continues on p. 257 (PDF 292): "…[the other] for the proper motion toward the East; and that these motions do not conflict with each other, just as the proper motion of the hand toward the opposite part does not conflict with the motion of the whole animal body toward one part. So Augustinus Riccius (in the treatise On the motion of the eighth sphere, ch. 1, 13, 14, etc.) and Orontius Finaeus [Finé] (bk. 1 of the Sphere, ch. 5), saying: 'The Prime Mobile, therefore, must be called the World itself, and not some particular heaven…'"]





(printed p. 257 — completing [VII.], the sixth opinion, on the double appetite: Riccius and Orontius Finé hold that the Prime Mobile is the World itself, the particular orbs striving eastward by their own motion without conflict, as a hand may move against the motion of the whole body. Related unnamed views in Fracastorius posit one or two Intelligences per orb. Clavius refutes the opinion as impossible, and Fracastorius objects that the Intelligences would perpetually resist and impede one another, which is violent and unfitting.)


[Margin: 7th opinion, denying two motions and a prime Mobile above the 8th sphere.]



[VIII.] The seventh Opinion is similar to the opinion of Alpetragius set forth at num. 5, but differing in this, that it denies that there is, above the eighth sphere, another heaven which would be the prime mobile; for it says that the prime Mobile is the eighth sphere, inasmuch as it revolves the swiftest of all toward the West, and in the space of 24 hours restores the same stars to the same point of the same Meridian or Horizon, from which that motion began on the first day of the World. But this [eighth sphere] does not carry [rapit] the other inferior spheres, as the Authors of the first opinion (set forth at num. 2) posited; for it says that the remaining inferior spheres—whether moved by their own power, or by an Intelligence—are borne per se toward the West, and strive after the same kind of motion which the eighth sphere accomplishes, but cannot attain its velocity, and arrive somewhat more slowly than it, each day, at the same point of the same Meridian or Horizon—and the more slowly, the more [each] is distant from the eighth sphere. Whence it comes about that, because daily the slower Planets are left behind by the swifter Fixed [stars], and ever more separated, the Planets seem to retrocede toward the East—granted that in reality they do not retrocede, nor are moved by a double motion, but by a single [motion] toward the West, slower however; and which is said to be a motion toward the East not absolutely nor truly, but comparatively to the swifter [one], and apparently.


[Margin: Anaxagoras, Democritus, Cleanthes.]



The authors of this opinion Plutarch indicates [to be] sufficiently ancient (bk. 2 On the Opinions, ch. 16), subjoining however the contrary opinion, when he says: "Anaxagoras, Democritus, [and] Cleanthes think all the stars are borne from East to West; Alcmaeon and the Mathematicians [held] the wandering [stars] to be turned by a motion contrary to the non-wandering [fixed] stars, namely from West to East."


[Margin: Ptolemy's judgment on this opinion.]



And at the same time, but somewhat younger than Plutarch, Ptolemy (bk. 1 of the Almagest, ch. 8) indicates that the same opinion can stand, if the apparent motion of the Planets were always made in circles parallel to the Equator, without change of declination; but that, since it happens otherwise, [it] cannot. For Ptolemy [says]: "And so, if the advance of the wandering stars were made, in equal instants, in circles [parallel] to the Equinoctial—that is, around those poles around which the first revolution is made—anyone could rightly enough think that there is one and the same revolution of all, which would follow the first. For it would seem credible that their advance comes about not on account of an opposite motion, but because [each] is left behind by the first. But now, together with the advance toward the East, they also approach toward the North or toward the South, in such a way that not even an equal quantity of this approach is observed—so that this accident seems to come about in them by certain pulsions, etc." From which he concludes that two greatest and distinct circles are necessary: namely, the Equator, for the prime Mobile carrying the Fixed [stars] and Planets around toward the West; and the Zodiac, within which the Planets proceed obliquely toward the East. Wherefore, since (in bk. 7, ch. 2 and 3) he acknowledged that the Fixed [stars] too slowly advance toward the East upon the poles of the Ecliptic, he seemed to some to suppose a ninth heaven for the prime mobile, but to others [to put] both motions in the eighth heaven. But these [things] about Ptolemy [are said] in passing. The same opinion Martianus Capella attributes to the Peripatetics (bk. 8 On the Nuptials of Philology, in the chapter on the orbs of the Planets), saying: "Finally, the doctrine of the Peripatetics too contends that these stars are not moved forward against the world, but are outrun by the swiftness of the world, which they could not follow."


[Margin: Fracastorius's judgment on the same.]



Furthermore, Fracastorius mentions this seventh opinion (no one being named) in the Homocentrics, sect. 2, ch. 3, and from this he refutes [it]: that, if all the orbs are borne per se toward the West according to longitude, they would per accidens be moved in latitude, and so by the force of some higher orb or Intelligence—but this is unfitting, because it would follow, he says, that the Planets are so bent by that orb which moves [them] sideways, that on the same day the Sun, which rises in the summer northern East on this side of the Equator, would set beyond the Equator in the winter southern West—which is against the observations. But this inference is not necessary; for they can, by the same motive force, be borne per se toward the West, and at the same time obliquely—through spirals or helices gradually deflecting from the parallels to the Equator—in such a way that they seem to rise and set in nearly the same parallel, by so much the less difference as the bending sideways is less, by which they vary the declination from the Equinoctial and the latitude from the Ecliptic. Wherefore neither Fracastorius's, nor Ptolemy's, nor Clavius's refutation of this opinion (which is partly that of Alpetragius and Achillinus, [Clavius] impugning it on p. 49 of the Sphere) is solid, as to the oblique motion of the Planets; yet there remains a difficulty on account of the proper and oblique motion of the Fixed [stars], which appears to us. For if they too seem to advance toward the East, because they are moved somewhat slowly, then their motion is not the first motion, but another swifter motion toward the West seems to be assignable, in comparison with which the Fixed [stars] are slower. About which matter our discourse will recur below.


[Margin: 8th opinion, of Joseph Scaliger, denying the motion of the Eighth sphere.]



[IX.] The eighth Opinion was that of Joseph Scaliger (in his Diatribe on the Anticipation of the Equinoxes, and bk. 4 On the Emendation of Times, from p. 284), who says that the motion of the eighth sphere toward the East upon the poles of the Ecliptic is a certain monster, and an old-wives' and trifling fable; for [he holds] that the Fixed [stars] are neither moved by a motion in longitude—εἰς τὰ ἑπόμενα [eis ta hepomena, "toward the following"], that is, not in consequentia [eastward]—nor change their declinations or distances from the Poles of the World (which he posited [as] immobile); but [that] the equinoctial and solstitial points are moved εἰς τὰ προηγούμενα [eis ta proegoumena, "toward the leading"], that is, in praecedentia toward the West; and [that] not the stars recede from the Sun, but the Sun [recedes] from the Stars, and the Equinoxes and Solstices are celebrated each year in more and more western points of the Equator; and so [that] to Hipparchus and Ptolemy the Fixed [stars] seemed to be moved toward the East, and that they persuaded credulous posterity of this. Then he says that the poles of the E—


[…continues on p. 258 (PDF 293): "…quator are distant from the Poles of the World, and are moved toward the West through little circles described about the poles of the world… The foundation of this opinion is that the pole star, which shines in the tail of Ursa Minor, was seen to be equally distant from the Pole of the world — that is, 12° 24′ — both in the time of Eudoxus (Olympiad 103, the year 367 before Christ) and of Eratosthenes (227 before Christ), [and in the] time of Marinus of Tyre and Ptolemy, who flourished in the year 130…"]





(printed p. 258 — continuing [IX.], Scaliger's eighth opinion and its refutation: Scaliger's arguments from the unchanged distances of stars from the pole and from Hipparchus's risings and settings are recounted, along with his appeal to the mathematicians for help. No one adopted his offspring; rather four Jesuits — Petavius, Guldin, Furnerius, and Clavius — with Bullialdus smothered it, and Riccioli himself subverted its foundation, adding that Scaliger's account of precession through westward-moving equinoctial points is almost impossible to maintain.)


[Margin: 9th opinion, attributing the Prime Mobile and all motion of the Fixed [stars] to the Earth.]



[X.] The ninth Opinion denies to the Fixed stars all motion—both the diurnal toward the West and the proper [motion] toward the East; but to the Planets it attributes a proper motion toward the East, while it denies to them too the diurnal [motion] toward the West. For the diurnal motion, which appears in the Fixed [stars] and in the Planets, it says is really the motion of the Earth about its own center and axis, by which, in a 24-hour turn, it is revolved toward the East; and so [it says] that it is we who go to meet the stars toward the East, and that rather we rise to them than they to us. But the proper motion of the Fixed [stars] it attributes to the equinoctial points on the terrestrial Equator, preceding toward the West, by force of a certain libration about the earth's axis (indicated in bk. 3, ch. 28). But the authors of this opinion went off into two Classes.


[Margin: 1st class, attributing the annual motion to the Earth.]



For the first attributes the annual motion (which makes for us the vicissitude of the four seasons) not to the Sun, but to the Earth, which not only daily revolves about its own center, but yearly is carried, together with its center, along [the line of] the Ecliptic toward the East around the Sun resting in the middle of the world, or not displaced.


[Margin: Philolaus. Aristarchus. Copernicus and [his] followers.]



So once Philolaus (in Plutarch, bk. 3 On the Opinions of the Philosophers, ch. 13), then also Aristarchus of Samos (as Archimedes relates in the Sand-Reckoner); which opinion Nicolaus Copernicus revived—not from hypothesis (as some excuse him), but absolutely, as is plain from the preface to Paul III prefixed to the books of the Revolutions, and from bk. 1, ch. 8, 10, and 11, and bk. 5, ch. 2; to whom adhered Maestlin, Rheticus, Caelius Calcagninus, Rothmann, Galileo, Diego de Zúñiga [Didacus a Stunica], Paul Anton. Foscarini, Antonius Laurentius Politianus—but most zealously of all John Kepler (in his Mars, and in the Epitome of Copernican Astronomy, and in the Mysterium Cosmographicum, and in the Harmonica).


[Margin: 2nd class, denying the annual motion of the earth.]



But the second Class attributes to the Sun—as well as to the other Planets—its proper motion (and to the Sun indeed the annual [one]); but to the earth it leaves the diurnal turning of [24] hours about its immobile center, nor does it transfer the Earth from place to place.


[Margin: Heraclides, Ecphantus. Nicetas.]



So once Ecphantus and Heraclides (in Plutarch, bk. 3 On the Opinions, ch. 13), [and] Nicetas [Hicetas] of Syracuse (in Cicero, Academica 2, and Tusculans 1). Whom afterward followed Longomontanus (in his Danish Astronomy, bk. 1 of the Theorics, ch. 2 and 4), William Gilbert (bk. 6 of the Magnetic Philosophy, ch. 3), Origanus (vol. 1 of the Ephemerides, in the dedicatory Epistle), and Andreas Argolus (in the Pandosion Sphaericum, ch. 3). The same opinion Aristotle ascribes to Plato in the Timaeus (bk. 2 On the Heavens, text 75), [as do] Cicero (Academica 2) and [Diogenes] Laertius (in the Life of Plato). But we, from the Platonic Timaeus itself, shall make [it] plain (sect. 4, ch. 2, num. 2) that Plato stood for the immobility of the earth.


[Margin: 10th opinion, leaving the proper motion to the Fixed [stars], but attributing the diurnal [motion] to the Earth.]



[XI.] The tenth Opinion attributes to the Earth both the diurnal and the annual motion, but nevertheless does not take away the proper motion from the Fixed [stars] toward the East—much less from the Planets. So at last Philip Lansberge (in the Tables, precept 11), Jacob Lansberge the Physician (in the Apology for Philip, against Fromondus and Morin), and Ismael Bullialdus (bk. 1 of the Philolaic Astronomy, ch. 2), for the reasons which I adduced in bk. 6, ch. 18, num. 14. They differ, however, in that Lansberge posits the motion of the Fixed [stars] upon the poles of the Ecliptic [as] unequal, on account of the unequal motion of the equinoctial points; but Bullialdus posits it [as] equal. But neither this [tenth opinion], nor the ninth, is it permitted us to follow, by reason of the divine Scriptures or the Ecclesiastical decrees.


[Margin: 11th opinion, explaining all things by a simple motion through gyres and spirals.]



[XII.] The eleventh Opinion is very similar to the seventh, but it does not posit that the prime Mobile is the eighth sphere; rather it says that all the proper motions which appear toward the East—both in the Fixed [stars] and in the Planets—can be reconciled with their diurnal motion toward the West, through a single oblique motion made toward the West, screw-wise [cochleatim], through helices and spirals, or through helicoid spirals, by which the stars do not exactly complete the same diurnal circle, nor return to the same point of the Meridian or Horizon today in which they were yesterday, but bend somewhat toward the sides of the World toward the poles—yet in such a way that the Fixed stars revolve to the same Meridian more quickly than Saturn, and Saturn more quickly than Jupiter, and so of the rest (understand [this] when the Planets are direct; for if they become stationary, then they appear equally swift as the Fixed [stars]; but when they are commonly called Retrograde, then they are swifter than the Fixed [stars]; and only slower when direct). Again, the Planets are borne along this gyrating line so that now higher, now lower they proceed. So teach—but in other words—Scotus (on [Sentences] 2, dist. 14, q. 2), Hurtado (disp. 2 On the Heavens, sect. 3), Mastrius and Bellutus (disp. 2 On the Heavens, q. 4, art. 1), Cabeus (on 1 Meteorology, text 38, q. 2), Amicus (tract. 5 On the Heavens, q. 6, dub. 9, art. 3; who, at num. 2, had adduced for this [view] Philoponus, Alexander, Vimercatus, Galtius, [William of] Auvergne, [and John] Maior), Arriaga (the single disputation On the Heavens, sect. 4 and 5), Oviedo (the single controversy On the Heavens, point 4), John Punch (disp. 22 Physics, q. 9, conclusion 3), [and] Balthasar Téllez (disp. 45 Physics, sect. 3, num. 6). And in the same opinion were, for the most part, Alpetragius, Achillinus, [Peter of] Ailly, and Delphinus (adduced at num. 5 and 6); and before these, Anaxagoras, Democritus, and Cleanthes (about whom at num. 7). But Scotus, Mastrius and Bellutus speak in such a way that they seem to admit a Prime Mobile distinct from the eighth sphere, with Alpetragius; whereas Téllez does not acknowledge that first motion to be made really in any body, but [says] it is only imaginary, and that to its measure neither the Fixed [stars] exactly nor the Planets come up. But others do not sufficiently explain whether any motion of the prime Mobile—true or imaginary—is given, which the Fixed stars emulate but do not attain by their diurnal motion; and those who retain solid heavens, like Amicus and Mastrius, can scarcely safeguard the aforesaid spirals.


[Margin: 12th opinion, on imperceptible little pauses.]



[XIII.] The twelfth Opinion, which I handed down as devised by me (bk. 6, ch. 18, num. 16)—but which, after many months, I found indicated by Amicus (tract. 5 On the Heavens, q. 6, dub. 9, art. 3), in these words: "Fourthly, others, thinking those motions to be two, say [they] are not exercised at the same time, but by an alternating vicissitude—


[…continues on p. 259 (PDF 294): "…while the Intelligence moves the heaven toward the Poles of the Zodiac, it does not move [it] from East to West; and because that lateral motion happens in the twinkling of an eye, the orb does not appear to cease from the diurnal motion." But this way of speaking, as it lacks a suitable author, so it cannot be probable… yet if that interruption through imperceptible little pauses cannot be refuted by any observation, it is not altogether improbable — and Punch touched on the same, saying it is manifest that something can be moved at once by two motions, one E→W and the other W→E, without any intermission perceptible to our senses.]





(printed p. 259 — completing [XIII.], the twelfth opinion: the alternating-vicissitude view is judged not altogether improbable, Punch conceding that a body can be moved at once, without perceptible intermission, by two motions from East to West and from West to East; the manner of this was explained in bk. 6, ch. 18.)

By so many, then, and so wonderful modes—partly worthy, partly unworthy of the human genius—has the reconciliation of these two motions been attempted. But what our opinion is—although it was indicated in bk. 6, ch. 18, from num. 15—must nevertheless be set forth more fully in this place through the following Conclusions.

FIRST CONCLUSION


[Margin: 1st Conclusion.]



Both the wandering and the non-wandering stars can be moved toward the West by [or: toward] the motion of the Prime Mobile—[a Prime Mobile] really distinct from their own proper heaven, or from the stars—and meanwhile can at the same time be moved, truly or apparently, by a proper motion toward the East, without any physical repugnance.

[XIV.] For if there were any repugnance, it would be either between the moving and the movable bodies themselves (which could not be, or be conjoined or assigned together to that [task]), or it would be in the very mode of effecting each motion. But that repugnance arises from neither head; therefore what is asserted in the conclusion can come about. For as to the first: diverse celestial bodies can be assigned which would discharge the office of the prime Mobile.


[Margin: 1st body for the prime Mobile.]



First, indeed, this can be the watery heaven, [made] of the waters which (according to the more probable opinion of many Fathers, consonant with the letter of the divine codices) we showed to be above the heavens (sect. 1, ch. 2, q. 3; and ch. 3, conclusion 3). Which heaven does not flow apart hither and thither, on account of [its] equal distance from the center of heavy [bodies], or because there it is outside the place of heavy and light [bodies]; and yet the whole is moved, in the space of 24 hours, by one or several Intelligences, if need be.


[Margin: 2nd body.]



Secondly, this can be the glacial or crystalline heaven, which is above the sphere of the Fixed [stars], as Delphinus and Clavius posit; and [it] is conformable to those Doctors and Fathers who believed the waters above the heaven of the Fixed [stars] to have been solidified by God in the manner of ice or crystal (per what was said in sect. 1, ch. 2, num. 8)—of which sort were Josephus the Hebrew, Pope Clement, Severianus, Anselm of Laon, [Walafrid] Strabo, Bede, [and] Peter Comestor. That this heaven could equally be revolved toward the West, by one or several Intelligences, in the space of 24 hours.


[Margin: 3rd body. — 4th body. — 5th body.]



Thirdly, it could be the heaven of the Fixed [stars] itself, but fluid, which would move the Fixed [stars] toward the West immediately, but the Planets by means of the heaven of the Planets (fluid or solid). Fourthly, it could be the heaven of the Planets itself (fluid or solid), which would itself move the Planets immediately—nay, even the Fixed [stars], which it would immediately touch by its convexity—or [move] these and all the rest, by moving the heaven of the Fixed [stars] (fluid or solid). Fifthly, some body could be assumed [taken up] by one Intelligence, or carried around (granted [it be] not properly an assumed body), which would not be a heaven; and [the Intelligence] would carry this around about the Firmament in the space of 24 hours, as a sensible exemplar of the universal time, in imitation of which the Fixed [stars] and Planets would have to be moved by the Intelligences—either immediately, or by means of the orbs. Just as, in the first three days, some say that bright cloud was that primigenial light, which made the three natural days.


[Margin: 6th body. — 7th body.]



Sixthly, without the motion of any body about the heaven, there could be various clocks measuring the time of 24 hours—and far more excellent than ours—which likewise would have to be imitated by the movers of the Fixed [stars] and of the heavens in the motion toward the West. Seventhly, there could be, above the heaven of the Fixed [stars] or in it, a certain Equator, or belt of the World, made of solid material, and really distinct from it, which would be moved by an Intelligence toward the West in the space of 24 hours. For in these enumerated bodies there is nothing which could not have come about physically; but the immediate conjunction of the first two [bodies] with the heaven of the Fixed [stars] neither is repugnant nor absurd in Astronomy. For no sphere is required between it and the prime Mobile for the trepidation or libration in longitude or latitude—for we have already taught (much more truly) that the obliquity of the Ecliptic is not varied (namely bk. 3, ch. 27), nor that the Equinoctial or Tropical Year is unequal (namely bk. 3, ch. 28), nor that the precession of the Equinoxes, or the motion of the Fixed [stars], is either retrograde or anomalous (namely bk. 3, ch. 28; and bk. 6, ch. 17).

[XV.] But as to the mode of moving the other heavens or the stars toward the West, in such a way that nevertheless they seem—truly or apparently—to be moved somewhat toward the East:


[Margin: 1st mode.]



the first could be through imperceptible little pauses [morulae], already set forth in bk. 6, ch. 18, num. 16, and indicated in this chapter at num. 13.


[Margin: 2nd mode. — 3rd mode.]



The second could be through continuous rapture—whether it be called traction, pulsion, conveyance [vectatio], or circumduction—which, however, on account of the resistance of the heaven or star being carried, would not move toward the West so swiftly as it would have moved if nothing resisted it; and therefore could not, within the space of precisely 24 hours (in which the prime Mobile itself completes its entire revolution), equally revolve the inferior globes to the same Meridian or Horizon. The third [mode] is, if the movers of the sphere of the Fixed [stars] and of the Planets try to imitate the motion of the watery or crystalline heaven, or of a body or clock equivalent to them, but in the space of 24 hours do not revolve [them] to the same Meridian [as] their globe, but daily arrive at it somewhat more slowly—and this through spiral helices, as we said at num. 12 in explaining the 11th opinion.


[Margin: 4th mode.]



The fourth [mode] is, if the heaven—both of the Planets and of the Fixed [stars]—be fluid, and be moved by one or several Intelligences in the space of 24 hours; and in imitation of it, other Intelligences move the Planets and Fixed [stars] toward the West indeed, but daily by degrees, and always falling short toward the East. But lest as many Intelligences had to be multiplied as there are Fixed stars, the Fixed [stars] could be bound together among themselves, as in a certain solid net [reticulum] invisible to us (as we said in bk. 6, ch. 18, num. 17, in the 2nd mode). For in none of these four modes is there any repugnance, nor [are there] two motions contrary to each other; but a single motion, slower however, or less swift, than the motion of the prime Mobile.

SECOND CONCLUSION


[Margin: 2nd Conclusion.]



Nevertheless, that double motion which appears in all the stars—one toward the West, the other toward the East—can come about and be explained without any movable body really distinct from the star-bearing heavens, or from the stars themselves, the other motions of the stars also being saved, without any physical repugnance.

[XVI.] This is proved by the modes [already] indicated, of which the First is:


[Margin: 1st mode.]



if one or several Intelligences moving the sphere of the Fixed [stars] from East to West have, in [their] impressed and divinely-infused species [ideas], a perfect idea of a time of 24 hours—not [hours] of which the days consist (which we are wont to measure from the revolution of the Sun or of the Fixed [stars]), but somewhat shorter, and such as they would be if there really were a prime Mobile distinct from the star-bearing heavens and from the stars. But [if], in moving the orb of the Fixed [stars], they exceed the perfect quantity of that intellectual measure, and so revolve it more slowly to the same Meridian—that is, in a time somewhat longer than that intellectual 24 hours (and such as perhaps was the time of the first three days). But the Intelligences of the remaining orbs or globes would have, as the measure of the motion to be accomplished by them, not that intellectual day, but the day made by the single revolution of the Fixed [stars]—yet so that they too revolve their globes somewhat later, and the later, the more they are distant from the Fixed [stars]; and accordingly the sphere of the Fixed [stars] would be, with respect to the Planets, a prime Mobile [that is] not physical, but [operating] in the manner of a moral cause, or as it were exemplary. But all these motions would have to be made through spirals and gyres (about which I spoke at num. 12), so that the variety of declinations and latitudes be saved; and when the Planets are called Stationary, they would have to be moved equally swiftly as the Fixed [stars]; but when Retrograde, they would have to be hastened by the Intelligences somewhat more swiftly than the Fixed [stars].


[Margin: 2nd mode.]



The second mode would be, if all the Intelligences, in the aforesaid motion of both the Fixed [stars] and the Planets toward the West (through spirals, however, etc.), looked to that single time—imaginary to us, but mental or intellectual to them, and shining in their impressed species, divinely infused from the beginning of the world.


[Margin: To imitate the motion of the Fixed [stars] by a mechanical experiment.]



[XVII.] But since to some the motion of the Planets in a Fluid heaven, through the aforesaid spirals, seems easy, but [that] of the Fixed [stars] difficult—because they are accustomed to their me—


[…continues on p. 260 (PDF 295): "…mechanical [globe], resting on poles fixed to the Meridian: let them take any star-bearing globe or Aratean sphere, not fixed by its vertices or any axle to the Horizon or Meridian, but supported by some concave vessel or resting on water or sand; and let them fix a little peg into any one point of it, or of a star depicted on the globe, by which, grasped as a handle, they carry the globe around toward the East, bending it spirally and imperceptibly toward the poles…"]





(printed p. 260 — completing [XVII.], the mechanical-globe demonstration: a star-bearing globe resting free on a vessel, water, or sand, carried around by a peg fixed at one point, shows that all the stars move together with their declinations changing. From this one learns how easily one or several Intelligences could move all the Fixed stars spirally by a single motion, whether they are affixed to a solid firmament or bound together in a fluid one.)

THIRD CONCLUSION


[Margin: 3rd Conclusion.]



It is more probable that there is no body which is the Prime Mobile, nor two motions in the stars made at once toward opposite regions of the World, but a single [motion] toward the West through helicoid spirals—those of the Fixed [stars] indeed in a solid heaven, but those of the Planets in a fluid [one]; and that the place of the prime Mobile is supplied by an intelligible time, that is, an idea of the diurnal motion infused into the mind of each moving Intelligence.

[XVIII.] The first part is proved, because—as is trite in the schools—"what can be done by fewer is done in vain by more," as Ptolemy advised (bk. 13 of the Almagest, ch. 2), whose words I recited [in] ch. 2, num. 3: that motion is to be attributed to the celestial bodies which so answers to the Phenomena that it is as simple as possible, and exposed to the fewest impediments. And such is [the motion] we stated in the conclusion; for it is made through a single spiral line, accommodable to all the motions of the stars, and describable by Intelligences having the highest skill about the path and leading [ductus] by which they must revolve the stars at God's prescript; nor can any violence from rapture, or any resistance from the middle or surrounding body, be feared—since the fluid heaven of the Planets yields both to the Planets and to the concave surface of the heaven of the Fixed [stars], above which the watery heaven is fluid. Whence also, even if some body were posited for the prime Mobile, whose motion at least the Intelligence would have to imitate—yet it would be necessary that its motion be understood by [the Intelligence], and so that [the Intelligence] have at least expressed species of it in its mind, which, if it beheld [them] by another, as it were reflex, act, it could use as the impressed species and Idea of that motion. Therefore, through these species (which we cannot avoid), whatever would be done by them with those [bodies] and with that movable body can be supplied by the Angels; and so the motion of that distinct orb or body is multiplied in vain. Nay, not only in vain, but even against the dignity of the Angelic nature. For that Musician is more excellent who knows how to sing, or to strike the strings, according to the harmonic number, using the time which he has in [his] mind, and needs no sensible percussion of the hand, nor an extrinsic sign, for the regulation of the voice. So too more excellent is the mode which we have ascribed to the Intelligences, since they need no corporeal—as it were—clepsydra [water-clock] in order to move skilfully and harmonically the stars or globes committed to them, and to accomplish their dances (so to speak), or this hidden harmony [concentus] of the World.


[Margin: 2nd part of the Conclusion.]



But the second part—about the distinction of the solid heaven from the fluid—has already been proved (sect. 2, ch. 7, num. 21), and is confirmed, because thus it is much easier for the Fixed Stars to preserve their distances among themselves perpetually, and to be moved uniformly, at the motion of one or a few [stars], by one or a few Intelligences, than if they were moved in a fluid heaven.


[Margin: 3rd part of the Conclusion.]



The third part—about the intellectual time, known by each Intelligence and used as the immediate measure of the motion to be accomplished—is proved, because it cannot be denied that that time is known by them; therefore it would be posited in vain [if] it needed that sensible time by which the heaven of the Fixed [stars] is moved; and it is better that there be one common measure to all of them, to which they may attemper [adjust] their motions and revolutions. For thus they also know that time which was not from the World itself, but could have been; thus they know that diurnal time, by which the ninth heaven would be moved, if it were the prime mobile, and how much faster it would arrive at the Meridian than the Fixed [stars] or Planets. This, therefore, they can use immediately; and it is more worthy that they need no other sensible motion and time, even though they must move sensible bodies. Nor is it absurd that the first and most universal time, with respect to an intellectual nature, be really only intellectual—that is (as they say), to exist intentionally, and not to exist except objectively, in the Angelic mind or in ours. For this happens in very many other ideas, which we use in artifacts and sensible works. "For the house which is outside the soul comes to be from the house which is within the soul," says the Philosopher (7 Metaphysics, text 23)—namely, from the Idea, and the impressed species, which shines objectively in our mind, and is the image of the house to be made. Therefore, if there were a more perfect Architect, who—without a mechanical and external model or exemplar—knew how, and was able, to direct the workmen, or himself to build with his own hands: more perfect too will be the motion of an Intelligence, if it needs no external and sensible exemplar for accomplishing the diurnal motion.


[Margin: What if the Prime Mobile be some sensible body?]



[XIX.] But if nevertheless someone should require that that time—which is the universal measure of all motions, and as it were the norm of the rest—be still, or at least once was, the motion of some sensible body, or its number or measure: I would persuade [him] of those three more probable modes.


[Margin: 1st mode, through a simple Equator.]



The first is the [one] which I indicated at num. 14, in the seventh place: namely, through a certain Equator—in, or above, a celestial globe—divided into 360 Degrees and subdivided into minutes [scrupula], or rather immediately into minutes (not such as ours, but far more subtly, into [tiny] particles), [with] all the points and tiny differences of the motions in the Fixed [stars] and Planets, [reckoned] from the Meridian, suitable for discerning—from the beginning of the World to the end—the [motions] to be carried out; which [divisions], nevertheless, on account of the vastness of that belt, would be very large, if compared with the minutes, or even the degrees, of our spheres or astronomical instruments. For if that 24-hour motion could be represented by the motion of this belt, made of solid material, the whole machine of some ninth, tenth, or eleventh heaven would be posited in vain to be moved, in order to supply this single motion. This motion, therefore, being posited [as] made by a single Intelligence, and revolving that Equator to the same meridian, the remaining Intelligences would have so to move the Fixed [stars] and Planets spirally, or screw-wise, toward the West, that—when the beginning of the Equator arrives at one Meridian, say, of Jerusalem—a Fixed star, which yesterday had been beneath the initial point of the Equator, would on the following day not yet be brought by its center to the same Meridian, and much less Saturn [when] direct, etc.


[Margin: 2nd mode, through the crystalline Heaven.]



The second mode is, that we choose that Watery or crystalline heaven, which is above the Firmament, as that body which, by its motion (made by an Intelligence), would represent the motion of the Prime Mobile; for thus it will be confirmed that those waters were not placed above the Firmament by God in vain—[but] as a second [end], just as others have assigned several other ends [purposes], about which [in] sect. 1, ch. 2, num. 10. The third mode could be through the mere memory of the primigenial light made by God on the first day of the World, and of its motion or successive production—just as the first three days of the World were completed. For there were not lacking [those] who said that that [light], or even the Sun (made on the first day), had no other motion than [that] of the prime Mobile, but that on the fourth day a proper motion was added to the Sun and the rest of the stars (per what was said in sect. 1, partly ch. 1, num. 34—to be referred to Aegidius's opinion—partly ch. 4, num. 3). For thus that first natural day, or even the first three days, would have been the most perfect and shortest of all, inasmuch as that light was revolved most swiftly—no less swiftly than the Equator of the Prime Mobile is now said to be moved in the spherical treatises; therefore the memory of that day, or of those days, would suffice for the Angels, so that they could revolve their spheres or stars to the same Meridian in a not so [short], but a slightly longer, time. But the rest, which seem to need to be added to this subtlety, I shall indicate soon in the Scholia.


[…continues on p. 261 (PDF 296) with the SCHOLIA to this chapter.]





(printed p. 261:)

SCHOLIA


[Margin: Whether two contrary motions can be given.]



[I.] On the occasion of reconciling the motion of the Prime Mobile with the proper motion of the stars toward the East, it is wont to be disputed by the Physicists whether two continuous and contrary local motions can be given—that is, [motions] by which the same movable, to be carried according to the same part of itself, is carried toward one region of the World and at the same time toward the opposite [region]—if not per se and by force of the same moving principle, at least by diverse acts, and by force of diverse moving principles. Which controversy is touched by Maior (on [Sentences] 2, dist. 24, q. 1), Mayronis (ibid., q. 3), Fracastorius (in the Homocentrics, sect. 1, ch. 8), Clavius (on the Sphere, p. 52), Rubius and the Conimbricenses (bk. 2 On the Heavens, ch. 5, q. 4, art. 2), Mastrius and Bellutus (disp. 2 On the Heavens, q. 4, art. 1, num. 129 and 130), Amicus (tract. 5 On the Heavens, q. 6, dub. 7, art. 3), Hurtado (disp. 2 On the Heavens, sect. 3, paragraph 22), Arriaga (the single disputation On the Heavens, sect. 5, num. 56), Oviedo (the single controversy On the Heavens, point 4, num. 6), Punch (disp. 22 Physics, q. 9, num. 94), and Téllez (disp. 44 Physics, sect. 2, num. 4 and 5). Among whom Punch and Téllez seem to concede two contrary motions—one per se or from within, the other per accidens and from without; and they use the now-trite example of an ant or weasel creeping upon a wheel turned around to the contrary part, or of a man walking in a ship toward the East, from prow to stern, while the prow of the ship is borne toward the West. For what Téllez adds, about a stone naturally about to descend downward along a straight line, but carried crosswise by an external impulse, and so moved by two motions, does not make for the matter, since they are not two contrary motions, or [motions] toward contrary termini. More to the matter is a stone [drawn] from prow to stern, spontaneously drawn by someone sitting on the bank of the river, meanwhile while the ship is borne to the opposite part by the river.


[Margin: Resolution.]



The rest of the aforesaid Authors, however—and at last Punch himself—answer that it is naturally impossible for the same part of a subject to be moved by two simply contrary motions; that is, so that at the same time it approaches the same Fixed point of the World, and at the same time recedes from it. For although metaphysically the contradiction may seem to be removed by distinguishing two diverse moving principles, yet physically this is repugnant to the nature of local motion: for [local motion] is an action, by force of which either the whole movable, or a part of it, recedes from one place as the terminus a quo [terminus from which], and approaches another as the terminus ad quem [terminus to which] along the same line, and acquires another "where" [ubi] distinct from the prior—so that it is naturally impossible for the same movable to be also in two adequate places at the same time, and to approach, actually and really, that terminus from which it recedes; because recession includes (with the motion) the privation of approach and of local presence, but a privation and the form opposite to it cannot physically be founded in the same instant of time. (Although, if by divine omnipotence a body were replicated [bilocated], the [body] thus replicated could be moved into opposite parts.) Yet the same [body], according to the same part of the subject, can be moved by a double impetus—of which one is, by its nature, impulsive of one motion toward the East, the other toward the West—but in such a way that only one prevails, and moves [the body] toward one part, more slowly however than if it were not retarded by the other impetus; for if neither prevailed, the movable would be moved toward neither part. And so they deny that there are two motions, but [say there is] a single, slower [one]. But in the motions of animals, which raise their legs in walking, there is intermixed an up-and-down motion, which is not contrary, nor directly opposite, to the motion of the ship or the wheel. Which response, although it is good, and admitted by me elsewhere, can nevertheless be explained by a still more perfect distinction, as will be done presently in the following scholium.


[Margin: Explanation of two opposite [yet] compossible motions.]



[II.] Two [things], therefore, are to be noted and distinguished, in the motion—whether of animals from within, or of inanimate [things] from without—which are moved not upon an immobile place, but upon a mobile place, that is, within it as a vessel. For in such a motion a double terminus ad quem can be regarded: one fixed and immobile in a determinate part or point of the World; the other mobile in the vessel and place itself—which terminus is moved at the motion of the vessel, as a part [is moved] at the motion of the whole. Secondly, a motion to some terminus (that is, relative, or respective, or comparative, or even hypothetical, toward it) is to be distinguished from an absolute motion, by which that terminus is approached. Therefore, if some body resting within some vessel be carried, at the motion of the vessel, toward the West, and meanwhile that body be carried by another moving principle toward the Eastern part of the vessel: if each impetus be equal, [the body] will indeed approach the mobile eastern terminus by an absolute motion, but from the immobile eastern terminus it will neither recede nor approach, but will remain there, absolutely. But if the impetus by which the vessel is carried toward the West prevails, that body will absolutely recede from the fixed eastern terminus, and will absolutely approach the mobile eastern terminus; but to the immobile eastern [one] it will not approach except respectively (inasmuch as its proper motion is directed toward the East), or comparatively (because you recede less from it than if it were moved by no proper motion within the vessel, or upon that vessel), or finally hypothetically (inasmuch as it would have approached it, if it had used its motion alone, and the vessel had stood still). If, finally, the impetus of that body prevails, it will either approach, or pass beyond, the fixed eastern terminus absolutely; but it will recede from it only respectively, or comparatively, or hypothetically.

Which, for the sake of aiding the imagination, it pleases [me] to set forth by an appended diagram. In it, let there be a portion of a river AEB, bisected at E; of which the half AE is equal to the length of the ship CCDC, and the other half EB [equal] to the length of the same ship DCDD—[the ship] now translated from the place beneath the fixed points of the World CQH, to the place beneath the fixed points HLK. But when [the ship] has completed [traversed], with the middle of its hull, the half of the space AE—namely the space ME—let the same ship be under the fixed points QHL; and let G be the eastern terminus, K the western.


[Figure (river/ship diagram): a horizontal river-line marked, left to right, A · M · E · I · B. Above it the ship is drawn in five successive positions as nested arcs, the stern/prow points labelled (top row) G, Q, H/O, L, K and (below them) C, C, DC, D, D, with dotted verticals dropping to the baseline. It shows the ship gliding westward while a man walks prow-to-stern (eastward), so the curves trace the combined (resultant) path.]

[Margin: 1st case.]



Now, at the beginning of the whole motion, let, First, the man O be in the prow D, under H, and let him begin to walk toward the stern C, toward G; so that in one clock-minute—in which the ship, carried by the river, has traversed the whole space equal to its [own] length, and has come under the points HLK—he himself has arrived at the stern C. For he will still be under the same fixed point H, under which he was at the beginning of the motion, because under it is the stern of the ship, to which he has come. Wherefore, although he has been moved absolutely, and has approached the mobile terminus (the stern), yet to the immobile terminus G he has approached no further absolutely—to which, however, he was going to approach, if the ship had not been moved.


[Margin: 2nd case.]



Secondly, imagine the man O—while the whole ship, in one clock-minute, traverses the whole space AE (which is under the fixed space GQH)—to be moved twice as slowly, and so in one minute to arrive from the prow to the middle of the ship; for he will be in D, under the point L. Wherefore, although he has approached the stern DC absolutely—nay, respectively his walking has been directed toward G—yet absolutely he has receded from G, the fixed eastern point, and has approached K, the western terminus, since at the beginning of the motion he was under it. But if the ship had meanwhile not been advanced at all, he would have come from DC to C, under Q; but this motion is only hypothetical. On the contrary, if the ship alone had been advanced, he himself walking not at all, he would have been, at the end of the motion, in the prow D, under K; wherefore, since on account of the aforesaid walking he is in D, under L, he has indeed receded from G absolutely, but comparatively to the recession which was going to be [had he been] in D, under K, he has approached, because he has receded less.


[Margin: 3rd case.]



Thirdly, while the man O, in one clock-minute, runs through the whole ship from prow to stern, [and] the ship, twice slower, completes half the space ME of its [own] length—so that, when the prow was under H and the stern under G, at the end of the motion the prow is under L and the stern under Q—then that man will be under Q; and so he has indeed approached absolutely both termini, the mobile [stern] and the immobile G; but from the immobile G he has receded only comparatively or hypothetically.

And proportionally are to be understood the motions of an ant on a wheel turned around to the contrary part, and of water stirred by a finger toward the left in a vessel revolved toward the right, and so of similar [cases]; for in reality, in the ant and in the water there are two motions conflated into one, which are not contrary, since the termini-to-which are not the same (since one is fixed, the other mobile), nor is there, to the fixed [terminus], absolutely an approach and recession of the same part, etc.


[Margin: Whether we have any example of the First Motion?]



[III.] You will ask whether, of the motion of the Prime Mobile—which in our Idea we attributed to a rational [conceptual] Equator, and which we said above shines in the minds of the Intelligences moving the heaven of the Fixed [stars] and the Planets—we can have any sensible specimen [example];


[…continues on p. 262 (PDF 297): "…for commonly we have no other exemplar than the motion of one Fixed star revolved once from the same to the same Meridian; and still more commonly we use the revolution of the Sun. I answer: since any Fixed star completes one degree of its proper apparent motion in 72 years (bk. 6, ch. 16)… [Riccioli computes the daily increment, ~8 thirds of arc, and concludes that no pendulum is precise enough to measure the difference between the sidereal day and the "rational Prime Mobile" day — so in practice one uses the sidereal day]."]





(printed p. 262 — completing [III.], the Scholium on a sensible specimen of the First Motion: since a Fixed star's apparent proper motion amounts daily to only a few thirds of a degree, a pendulum fine enough to distinguish the ideal day from the star's revolution to the same Meridian is impossible to construct. The differences can be gathered by calculation, and for astronomical practice the day exhibited by a Fixed star's revolution more than suffices, as treated in bk. 3, ch. 21.)




Chapter IV, Whether the Proper Motion of the Stars is, of itself and by the primary Intention of nature (or rather of God and the moving Intelligence), Equal, or rather Unequal—yet ordered, and Regularly unequal, and sufficient for manifesting God and his Providence


[Margin: The restriction and state of the question.]



[I.] I do not raise the question about the motion of the Prime Mobile, for all confess that it is most equable and uniform, as the most universal rule of all the motions which take place in this sensible world; and concerning this hold those words of the Philosopher (2 On the Heavens, ch. 6, text 35): "But about the motion of the heaven—that it is regular and not irregular—it must next be reviewed." But I say this of the first heaven and of the first lation. And speaking of this very [thing] (8 Physics, text 76), he says: "For indeed, since the measure of motions is circular revolution, this must be first—for all things are measured by [what is] first; and because it is first, it is the measure of the others; and moreover it happens to be regular." Nor do I raise a doubt about the proper motion of the Fixed [stars] in longitude, for I already suppose it to be equal, from what was said in bk. 3, ch. 28 and 30, and bk. 6, ch. 17. There remains, therefore, the controversy about the motion of the Planets, composed of several mixed kinds—namely, according to longitude, latitude, and depth or altitude. But neither about this is there a doubt that it appears to us unequal, and that, with respect to the center [or] surface of the earth, it traverses unequal parts of the heaven in equal times; for this I now think is established by the most manifest experiments of the observations, and persuaded to the reader from what was said—about the Sun in bk. 3, from ch. 13; about the Moon in bk. 4, from ch. 18; and about the rest of the Planets in bk. 7, sect. 1, ch. 7, and sect. 2 and 3.

We ask, therefore, about the motion of the Planets—per se, and from the nature of the movable Planets, or rather from the intention of God the Creator and first institutor of such motions, and so from the intention of the Intelligence moving the Planet (and obeying the divine intention in every way): namely, whether it is unequal as it appears; or whether, to us indeed (placed per accidens outside the place from which it ought to be regarded) it seems unequal, but per se, and regarded from the place whence it ought to be regarded, is equal and uniform—just as if a Ruler [straightedge] be straight in itself, but on account of refraction in water appear curved, like an oar; or [as] a man be really shaggy and of a longish beard, but, regarded from afar, appear smooth and beardless, the hairs not standing out, or not appearing, from too great a distance.


[Margin: 1st opinion, for the equality of the celestial motions.]



The first Opinion was that the motions of all the stars are equal in their circles.


[Margin: Anaximenes. — Aristotle.]



For Anaximenes said that the stars are turned in the same way, both above and around the earth (as Plutarch relates, bk. 2 On the Opinions of the Philosophers, ch. 16); and Aristotle (8 Physics, text 76; and 2 On the Heavens, from text 35) adduces such reasons for the regularity of the first motion of the supreme heaven that they hold equally for every circular motion which takes place in the heaven. For he says it is regular for this reason: because, being circular, it has no beginning or end, by approaching which it must be carried more swiftly.


[Margin: 1st reason of Aristotle.]



For he says, in that text 76: "Moreover, it happens that only the circular [motion] is regular; for those [motions] which are made along straight [lines] are carried irregularly from the beginning and to the end—for all [bodies], the more they are distant from that which is at rest, are carried the more swiftly. But of the circular alone, neither beginning nor end is in it by nature, but outside"—where he speaks of the merely natural motions of simple bodies. But (2 On the Heavens, text 35), speaking more universally, he says: "For if it were moved irregularly, it is manifest that there would be in it intension, and a standing-still, and remission of the lation; for every irregular lation has both intension and a standing-still. But the standing-still is either in the terminus a quo, or in the terminus ad quem to which the movable is carried, or in the middle. And in those [motions] which are carried by nature, the rest is in the terminus ad quem; but in those which are carried violently or beside nature, the rest is in the terminus a quo; but in [things] thrown, in the middle. But of circular lation there is no terminus a quo, or ad quem, or middle; for neither beginning, nor end, nor middle is of it simply, for it is eternal in time, and at once drawn in length into itself and least interrupted. Wherefore, if there is no standing-still of the lation itself, neither will there be irregularity; for irregularity comes about on account of intension and remission." And this is the first Aristotelian reason.


[Margin: 2nd reason of Aristotle. — 3rd reason of Aristotle.]



The second he subjoins (text 36), taken from the exclusion of the causes of irregularity. For, he says, since everything that is moved is moved by another, it is necessary that the irregularity of motion arise either from that which moves, or from that which is moved; but it can arise from neither head in a celestial body, because both that which moves and that which is moved is incorruptible and simple and altogether immutable. The third reason is adduced (text 37) thus: For either the whole period of the celestial motion would be unequal—now slower, now swifter—or the parts of it; but it has not yet been observed that the parts of it have become swifter or slower; for since an infinite time has preceded, in which this motion has existed, the distance of the stars would already have become infinite. But neither could the whole period be changed and become slower; for remission comes about on account of impotence [weakness], but impotence is beside nature; but in the first bodies there is nothing beside nature (for they are simple and unmixed, and in their proper region, nor is anything contrary to them); wherefore neither will there be impotence, and accordingly neither remission, nor intension—which connotes a remission before it, if not after it. Besides that, says Aristotle (text 38), it is absurd that, in an infinite time, that which moves be impotent, and again, in another infinite [time], potent; for all things in the infinite are indeterminate. It is plain, therefore, that the Aristotelian reasons hold not only about the motion of the prime Mobile, or of the supreme heaven, but about every motion of the Planets, which he thought to be circular and eternal (12 Metaphysics, text 43).


[Margin: Simple and Regular motion are not the same.]



But since (bk. 1 On the Heavens, text 23) he had said, "For of a simple body the motion must be simple," and the Astronomers take "simple motion" for the mean between swift and slow—that is, for "equal [uniform]"—hence there flowed into the schools of the Physicists and Astronomers this, as a Peripatetic axiom: that of a simple body (such as the heaven is), the motion must be simple and equal, or regular. But this, certainly, Aristotle did not there [understand so]—


[…continues on p. 263 (PDF 298): "…for in the same text he at once subjoined: 'But we say that these alone are simple — the [motion] which is circular, and the [motion] which is made along straight [lines]; and of the latter, two parts: one indeed from the middle [center], the other to the middle.' Therefore the motion of the elements — which are themselves also simple bodies — [is simple, yet not equal]…" — i.e., Riccioli begins to dismantle the "simple = regular/equal" axiom.]





(printed p. 263 — completing the refutation of the "simple = regular" axiom: Aristotle himself counts the rectilinear motion of the elements among simple motions, yet teaches that such motion is irregular, growing swifter as bodies near their place of natural rest. Hence the Peripatetic axiom that a simple body like the heaven must move regularly and uniformly was badly derived from the name of "simple motion.")


[Margin: Plato.]



Plato too, as Theon of Smyrna relates in his Astronomy, adhered to the Pythagoreans, and judged the celestial motions to be circular, regular, and equal.


[Margin: Ptolemy's opinion.]



[II.] But of the Astronomers, the chief of them, Ptolemy (bk. 3 of the Almagest, ch. 3), expressly affirms that equality belongs per se to the celestial and perpetual bodies. For thus he begins that chapter: "But since it follows that we should demonstrate the apparent inequality in the Sun's motion, it must be premised universally: that the motions of the wandering [stars] too, in consequentia of the signs [eastward], no otherwise than the lation of the whole universe in praecedentia [westward], are all, by their nature, equal and circular—that is, that all the lines which are understood to carry around the stars or their circles intercept, in all simply equal times, equal angles at the centers of any [given] circulation. But the inequalities which appear in them [the planets]—these come about on account of the positions and orderings of the circles by which they are moved, and [in which] they are enclosed in their spheres. Nor does anything foreign from their perpetuity in any way really come about, on account of the confused order of [their] appearances." But he attributes the apparent inequality of the Sun either to our eye placed outside the center of the circle carrying the Sun (described from a [center] other than the earth's center), or to the composition of a Concentric with an Epicycle carrying the Sun; wherefore, if our eye were in the center of the circle carrying the Sun, it would see equal portions of the Ecliptic traversed by it in equal times. And in bk. 9, ch. 2, he speaks thus: "But since it is proposed to us (as we did concerning the Sun and Moon) so concerning the five Planets too to demonstrate all their apparent inequalities to come about through equal and circular motions—for such motions befit the nature of the divine bodies, from which disorder and irregularity are far removed—we ought to value highly whatever we shall attain in this matter."


[Margin: Fracastorius's opinion.]



Ptolemy was followed thereafter by the Arabs, and very many Astronomers—whether asserters of Eccentrics and Epicycles, or of Homocentrics. For Fracastorius himself, in the Homocentrics (sect. 2, ch. 20), has these words: "But the revolutions of this inequality are not equal among themselves, neither the whole nor their parts, etc. But this is per accidens; for per se they are all equal, [especially] if they be measured by the mean motion of the first 'circitor'."


[Margin: Copernicus's opinion.]



But how tenaciously Copernicus asserted the equality of the celestial motions, is gathered from this: that in Ptolemy he could not stomach the Moon and the five lesser Planets [to have], besides the Epicycle, two Eccentrics—of which one would carry the center of the Epicycle, but unequally, while the other would not carry [it], yet, with respect to its [own] center, the center of the Epicycle would be moved equally (which second Eccentric the Astronomers call the Equant, and about which [we treat] sufficiently in bk. 7, sect. 2, ch. 1, scholium 1). For Copernicus thought it absurd that the celestial motion should beg [borrow] its equality from a foreign center—that is, from that center from which the circle of such a motion was not described. The words of Copernicus (bk. 4, ch. 2) are these, about the Ptolemaic Lunar hypothesis: "The motion of the Epicycle in its Eccentric, which he describes, is therefore unequal. But if this be so, what shall we answer to the Axiom—that the motion of celestial bodies is equal, and doubtless at least seems equal—if the motion of the Epicycle, [though] appearing equal, were in reality unequal, and there will happen [something] utterly contrary to the established principle and assumption? But if you say that it is moved equally about the earth's center, and that this suffices to safeguard the equality—what kind of equality, then, will that be, in a foreign circle, in which its motion does not exist, but in its own Eccentric? So indeed we wonder, etc." And after a few [words]: "So too the Moon, traversing its Epicycle unequally—if now from unequals we should wish to prove the inequality of the appearance—what kind of argumentation that will be, one may observe. For what else shall we do, than that we shall give a handle to those who detract from this art?"—namely, Astronomy.


[Margin: Copernicus's opinion.]



[III.] There was, therefore, with Copernicus, an axiom and principle now established and assumed as certain: that the motion of celestial bodies is equal—namely, per se, and the motion being regarded from the proper center of the circle. Nay, this Author was so addicted to the equality of the celestial motions, and so averse from that kind of inequality which Ptolemy had admitted in the five lesser Planets besides (the Equant circle being introduced into their hypothesis), that it was a goad for him to assert the motion of the Earth. For he himself professes thus (bk. 5, ch. 2): "The ancient Mathematicians, who held the earth immobile, imagined in Saturn, Jupiter, Mars, and Venus eccentr-epicycles, and besides another Eccentric, with respect to which the Epicycle would be moved equally, and the Planet in the Epicycle." After which he describes their hypothesis (which we set forth with a clearer diagram in bk. 7, sect. 2, ch. 1). Then against them he infers: "But it is established that the equality of the Epicycle had to be made with respect to the center of its Deferent, etc." Therefore here too they concede that the equality of a circular motion can be made about a foreign center, and not [its] proper [one]; similarly too in Mercury this happens more. But about the Moon, this has already been sufficiently refuted. These [things] and similar gave us occasion of thinking about the mobility of the earth, and other modes, by which the equality and principles of the art might remain, and the account of the apparent inequality be rendered more constant. Wherefore in this place too he [Copernicus] assumes, among the first principles of the Astronomical art, the equality of the celestial motion about that point which is the center of the circle, in whose periphery the motion is made—whether of the Planet, or of the center of the circle carrying the Planet.


[Margin: Reinhold's opinion. — And Clavius's.]



Nor did his follower Erasmus Reinhold the elder judge otherwise (in the preface to the Theorics of Peurbach), whose words—as embracing the opinion of many Astronomers—it will not irk [me] to recite: so, after the inequalities indicated which appear daily in the motions of the Planets, he subjoins: "Since, therefore, the variety of the celestial motions and appearances (which the Greeks call φαινόμενα [phainomena]) is so manifold, the Astronomers, with the highest diligence, with the greatest vigils and labors, have scrutinized the causes of appearances so dissimilar. For that so great a diversity in the motions of the Planets does not arise from a certain irregular motion of their celestial orbs (which carry the bodies of the Planets), as the unskilled imagine—the whole periods or revolutions of the orbs (which are established to be equable among themselves) manifestly cry out against [this], and convince [us otherwise]. Wherefore, of this so great irregularity, which is discerned in the parts of the periodic motions, the Astronomers hand down an erudite and plain cause: namely, that motions equable, and by their nature uniform, appear to us dissimilar—either because they take place in eccentric orbs, or also because, from many simple motions variously, as it were, compacted together at once, some one [motion] out of all these is made irregular." Which author, further below, in the Theory of the Sun and in the scholium added to Peurbach's Theory (p. 31), repeats things similar to the aforesaid: "We said above," he says, "that, the observations of whole revolutions being collated, reason gathers that the motions of celestial bodies are altogether equable, constant, and fixed; but that, if the parts of any [single] revolution be compared among themselves, a varied and manifold anomaly is detected."

But with much graver words, and a severer brow, our Clavius reprehends the men of the contrary opinion (on ch. 4 of the Sphere, p. 434), so that he does not hesitate to break forth into this sentence: "But the later men, and [those] of sounder mind, when they had begun to regard celestial things more rightly, more subtly, and more scrupulously, came into this opinion: that they pronounced it to be of the highest madness to think that in the motions of celestial bodies any irregularity, deformity, or inequality is found; but, on the contrary, that in them the highest equality, uniformity, and regularity ought to be posited." And he goes on to confirm this—both a fortiori, from some motions of sublunary things (which, although they be perishable and mutable, yet keep a certain law and order in their motions); and from the Aristotelian reasons: namely, that in circular motion there is no beginning or end, by approaching which the approach must be made swifter and swifter (and therefore irregular); and that in the celestial movers there is no corruptibility nor impotence, from which a more remiss, and so—


[…continues on p. 264 (PDF 299): "…a slower, motion could happen [in the heavens]; finally, from the certain law of the periodic motion recurring into itself, by force of which the Astronomers most certainly predict the future conjunctions and syzygies of the Planets. And the same was the opinion of the Conimbricenses, Suessanus, Philalthaeus, Jandun, Albert of Saxony, Paul of Venice, Achillinus, Amicus…"]





(printed p. 264 — continuing the first opinion (for the equality of celestial motions): the page completes the argument that nothing in the heavens could cause a more remiss and slower motion, and appeals to the fixed law of periodic motion recurring into itself, by which Astronomers most certainly predict future conjunctions and syzygies of the Planets.)


[Margin: Other authors for the 1st opinion.]



And the same was the opinion of the Conimbricenses (2 On the Heavens, ch. 6, q. 2), of Suessanus [Agostino Nifo] (2 On the Heavens, text 40), of Philalthæus (ibid., text 35), of Jandun (q. 8), of Albert of Saxony (q. 13), of Paul of Venice (ch. 15), of Achillinus (1 On the Orbs, dist. 3), of Amicus (tract. 5 On the Heavens, q. 6, dub. 6; and q. 5, dist. 3, art. 1)—although they use a varied distinction; for some distinguish irregular motion from deformed and unequal [motion]. But all agree that, if the whole periods of one [and the] same planet be compared among themselves—for example, the Tropical Solar years among themselves, or the revolutions of Saturn among themselves—those are altogether equal, and the whole circle of them is accomplished in an equal time; but if the parts of one period be compared among themselves—say, the Northern semicircle, in which the Sun is, with the Southern semicircle—they confess that the motions are indeed unequal, because they are not made in an equal time; but they refer this very inequality to appearance (on account of the situation of the eyes of those observing these motions), or to the composition of several circles or partial Orbs, of which the individual ones, regarded in themselves, are indeed equal motions, but compose one unequal motion.


[Margin: Tycho's opinion. — Bullialdus's opinion.]



Finally, into the opinion of Copernicus Tycho was swept away, when (vol. 1 of the Progymnasmata, p. 11) he said: "But that all the celestial motions are per se regular and equable, and are carried circularly by a constant law, has long since been received by all Astronomers as an Axiom." But—what you may wonder at more—Ismael Bullialdus, although he contends that the motions of the Planets are made through an Ellipse, not through a circle (and in this he would seem about to favor the physical inequality of the motions, which the inventor of this Elliptical way, Kepler—as we shall say presently—had built up), yet attempted to reduce this very hypothesis to equality; and therefore (in bk. [1] of the Philolaic Astronomy, ch. 13) he premises, among other principles, these six propositions:


1. That the Planets are moved by a single motion through a single line—which we have already shown.
2. That the revolutions of the Planets are equal, perpetual, constant, and uniform, and each [is] similar to all the prior and posterior [ones]; and the observations of all ages prove them such.
3. That they must therefore be regular, and composed of regular [motions];
4. Because, being perpetual motions, they cannot otherwise [be] except circular, or [made] through a line returning into itself.
5. That they are composed of circular [motions], because they are accomplished by the laws of circles.
6. That the revolutions themselves have a principle of equality, which the Planet by its nature regards.

[Margin: 2nd opinion, for the inequality of the celestial motions. — Kepler.]



[IV.] The second Opinion, however, is that the motions of the Planets have a physical inequality, and not only an optical [one] arisen from mere appearance—so that, with respect even to some proper center of the orbit through which the Planet proceeds, there really, and from the nature of the Planetary motion, correspond to equal times unequal portions of such an orbit. So indeed Kepler (in the commentaries on Mars, ch. 22, 32, 33, 34, 39, 44, 57, taken together; and in the Epitome of Copernican Astronomy, bk. 4, part 3, and bk. 5, especially p. 711). Nay, even before [Kepler], Ptolemy in the Moon and the five lesser Planets admitted an Equant—that is, a circle, with respect to whose center the Planet or the Epicycle would be moved equally, but by which it would not be carried; wherefore in the Eccentric carrying the Planet he admitted an unequal motion with respect to its proper center, and so, as to this, a Physical inequality. (But about this Equant, and the distinction of Physical inequality from Optical, I here suppose many things already explained—bk. 3, ch. 2[1]; and bk. 7, sect. 2, ch. 1, scholium 1.)


[Margin: Cabeus.]



But our [own] Cabeus too (bk. 1 Meteorology, text 38, q. 2) teaches that the figures of the Astronomical hypotheses, by which the celestial motions are reduced to equality, are rather devised for our use, and as a foundation of geometrical calculation, than really exercised in the heaven; for he says (p. 221): "For just as a mean motion is not truly given, although it is necessarily supposed for the calculation, so neither is it necessary that a motion of the Eccentric or of the Deferent be given." And (p. 222) he inclines wholly to the true and physical inequality of the motions. But for us, in a controversy of this kind, there is need of a certain distinction, so that we may open [reveal] our opinion, and [tell] for which [side] it is.

FIRST CONCLUSION


[Margin: 1st Conclusion, on the whole Period of the motions.]



Although it be probable, it is nevertheless not yet certain, that the whole periods or revolutions of the celestial motions are equal among themselves; nay, about the Moon it is certain that they are unequal.

[V.] What I said about the Moon is already known to Astronomers—nay, even to those skilled in the Ecclesiastical Computus.


[Margin: 3rd part of the conclusion is proved.]



For the period of the Moon—whether it be taken for the periodic month, in which it traverses the Zodiac, or for the synodic month, in which it is again joined to the Sun—is sometimes more than 30 days, sometimes less; and the variety of these months becomes manifest, more than once, in individual years; and about it [enough] has been said, more than enough, in bk. 4, from ch. 18. And so the third part of the conclusion remains proved.


[Margin: 1st part of the conclusion is proved.]



But the first part is proved, both by the authority of very many who think thus about this equality (some of whom—[speaking] from their own and many others' opinion—I already adduced speaking at num. 3), and by reason: because an equality of this kind both per se has a beauty to be desired, and [because] the very small difference between the periods of the other Planets observed by [different] Astronomers is rather an indication of equality—but [an equality] not yet so perfectly known that all Astronomers must admit the same measure. But if God had willed the periods of those [planets] to be unequal, and [if] this were more befitting the nature of sublunary things and the perfection of the universe, then surely, at length, they would differ among themselves by some notable difference, and [one] manifest after some ages—just as has happened in the Lunar periods. So the motion of the Solar Apogee, which was unknown to Ptolemy on account of the small interval between his and Hipparchus's observations (compared with the slowness of such a motion), at length nevertheless became patent after many other ages.


[Margin: 2nd part of the conclusion is proved.]



Furthermore, the second part of the conclusion is proved: because, although the period of the Sun, or the equinoctial Years, more probably are equal among themselves (as I taught in bk. 3, ch. 30), yet probable reasons of the inequality of the years are not lacking, which I adduced in the same place with their authors; and to this also contributes somewhat the so-diverse quantity found of such a year, which we exhibited in the synopsis (bk. 3, ch. 15, num. 9). But the inequality of the Solar period being posited [as] probable, much more probable becomes the inequality of the period of the other Planets, whose motions are bound up with the motion of the Sun and depend on it (as is plain from bk. 7, sect. 1, ch. 7); and besides, it becomes probable from the diverse opinion about their periodic motions, as is to be seen in the tables which I set forth in bk. 7, sect. 2 and 3, when I exhibited the various measures for foreknowing the Theory of the Planets according to different Astronomers. And so, not incongruously, John Anthony Delphinus (in the book On the celestial globes and motions, p. 53) infers, from the uncertainty of the Solar motion, the uncertainty of all the celestial motions. So, although the Period of the fixed [stars] more probably is equal (according to what I already said in bk. 6, ch. 17), yet that diversity of this period asserted by various Astronomers—which I reported in the same book (ch. 16) and represented in a table—makes its inequality probable; although, from a peculiar cause, its equality or inequality remains still uncertain, because not yet has one period of it been completed, and so not yet could either [alternative] be established by observation; for it requires far more than twenty thousand Solar years, and yet from the beginning of the World not yet have seven thousand years elapsed.

SECOND CONCLUSION


[Margin: 2nd Conclusion, on the parts of the Revolutions.]



Although the motions of the Planets are ordered, and regularly unequal in the parts of their periods; yet they are absolutely unequal—not only per accidens, on account of mere appearance, or on account of [their] composition from several equal motions, but per se, from the primary intention of God, and from the end for which they are ordered.

[VI.] The prior part of the conclusion, which is affirmative, is proved from the admirable symmetry of the partial motions among themselves, as far as it was permitted to detect by observation through so many ages; for they have such fixed laws that the Artificers [astronomers] have been able hitherto to reduce the motions of the Planets into Ephemerides, and to predict them long beforehand without an error which would be notable in most kinds of motions, or which could exclude Astronomy from the number of the practical sciences or arts—especially in these later ages.


[…continues on p. 265 (PDF 300): "…For not for this reason do they lack fixed laws, that in predicting the Eclipses of the Moon and Sun there is still a tiny error; for, for this Art — in things so abstruse and so far removed from our regions — it suffices if such motions and aspects of the stars as the Astronomers predict from the Astronomical hypotheses and tables come to pass as nearly as possible [to the truth]…"]





(printed p. 265 — completing [VI.], the affirmative part of the Second Conclusion: the planets do not lack fixed laws merely because eclipse predictions retain a tiny error, for in matters so abstruse it suffices that predictions come to pass nearly and for the most part, safely enough for human uses. Hence the art is far more perfect in the minds of the presiding Intelligences, and the rules of these motions more certain in nature than with us.)


[Margin: Plato's opinion.]



[VII.] But the assertion of the same prior part [of the conclusion] is confirmed from this: that not only the Writers of the true Religion, but the Gentiles too, from the order of the celestial motions, and the admirable harmony [concentus] by which, at fixed times, that inequality and discord of the motions is reduced to concord, rose up to acknowledge the Divinity of the Godhead, and the Providence of God, and to extol [it] with mild—but never sufficiently worthy—praises. So Plato in the Timaeus said: "But to us it is to be asserted, for this reason especially, that God begot eyes—that, having beheld the circuits of mind which are accomplished in the heavens, we might apply [them] to the use of our [own] mind, and might recall the discoursings of our knowledge (akin to those [celestial circuits], but in a way perturbed) to the temper [evenness] of those [celestial ones]. And when we have recognized them, and—endowed with right reason according to nature—have perceived the order of the individual [motions], let us imitate the conversions [revolutions] of God, which are carried on without any error, and compose the vague and erratic discoursings of our thought after the example of the gods." He calls the moving Intelligences of the heavens "gods"; and their motions he calls "conversions of God himself," inasmuch as [they were] first instituted by him and ordered with the highest harmony.


[Margin: The opinion of Plutarch, and again of Plato.]



But more clearly does Plutarch propose Plato's opinion (bk. 1 On the Opinions of the Philosophers, ch. 6), where, when he had said of mortals in general: "But they had a notion of God taken first from the beauty of the things which are beheld; for nothing beautiful is made rashly or by chance, but it is made by the use of a certain art that sets [things] in harmony; and that the world is beautiful is plain from [its] form, color, magnitude, and the variety of the stars surrounding the world"—he subjoined, after the mind of Plato (whom he there praises): "And those things which are conspicuous in [the heaven] complete the beauty of the heaven; for the oblique circle [the Zodiac] is distinguished with various images." And, the signs of the Zodiac being enumerated, he concludes: "Innumerable others of this kind the same God scattered through the convexities of the heaven; whence Euripides says: the starry splendor of the heaven—Chronos [Time], honorably distinguished, the work of a skilled craftsman. Truly, we have hence greatly taken a knowledge of God; for with a perpetual tenor the Sun, Moon, and the rest of the stars, having sunk beneath the earth, come up again of one [same] color, and besides of equal magnitude, from the same places, and at exactly the same time." Excellent, but more prolix, are the [things] which Cicero (bk. 2, On the Nature of the Gods) declares to this argument.


[Margin: Seneca's opinion.]



And so let us hear Seneca, beginning thus the very first chapter On Providence: "You asked me, Lucilius, why, if the world is governed by providence, many evils happen to good men. This we would more conveniently prove in the context of the work, when we should prove that providence presides over all things, and that God is concerned with us." And presently he premises this as a most well-known argument: "It is superfluous, at present, to show that so great a work does not stand without some guardian, and that this fixed coursing of the stars is not [the work] of a chance impulse; that this unoffended [smooth] velocity proceeds by the command of an eternal law; that [the heaven]—bearing so many things on land and sea, so many of the brightest lights, and shining in such a disposition—[that] this order is not [the order] of erratic matter, nor do the [things] which have come together by chance hang together by so great an art." But nothing more magnificent could be said than was said in Psalm 18 [19]: "The heavens declare the glory of God, etc."—where Lorinus our [Jesuit] is especially to be seen; and in Job 38, by God himself: "Dost thou know the order of heaven, and wilt thou set down its reason on the earth?" and a little below: "Who shall declare the reason of the heavens, and who shall make the harmony [concentus] of heaven to sleep [be silent]?"—where Pineda [is to be consulted]. And so not undeservedly does St. John Chrysostom (homily 10 to the people) call the heaven βιβλίον μέγιστον καὶ ἰδιώταις καὶ σοφοῖς—a greatest book, open to the unlearned and to the wise. And Minucius Felix (in the Octavius) says: "You see the heaven itself: now you will know how great is, in it, the wondrous and divine balancing [libratio] of the supreme governor." But more about this book written in golden letters, see in St. Basil (Hexaemeron, homily 11) and Nicephorus (bk. 11 of the Ecclesiastical History, ch. 43).


[Margin: 1st argument for the 2nd part of the conclusion.]



[VIII.] The posterior [latter] part of the Conclusion is shown thus. First: although inequality without any order, rule, and rhythm is a certain imperfection, yet an inequality [that is] ordered, regular, and having rhythms and recurrences of the motions at fixed times, is a great perfection, and has far greater beauty than simple equality; therefore this rather befits the celestial motions—or at least this too ought to have been in the heaven, and not equality only—so that in the fixed stars indeed (which most imitate the prime mobile), as to the motion of longitude there would be no inequality, nor as to latitude from the Ecliptic, nor as to their distance among themselves or from the center of the World, but there would be only some variation (yet very slow) in the motion of declination. On the contrary, in the Moon (which is nearest the earth, and closest to the sphere of changeable things) there would be the greatest inequality. But in the Sun there would be only a middling inequality—namely in the motion of longitude, altitude, and declination—but not in the motion of latitude (since it is without latitude), nor in the motion of libration about its axis, nor that variation or second anomaly which is in the Moon and the other Planets; among which the two nearer to the Fixed [stars], Saturn and Jupiter, have obtained a smaller inequality than those which are below the Sun and become nearer to the Moon; and of these very [latter ones], which are more tightly bound to the Sun and do not depart from it by a whole semicircle, Mercury and Venus have obtained a smaller inequality than Mars.

The antecedent [of this argument] is manifest by an induction made from all the most beautiful things, whether they come about by nature or by art. For as to nature, neither the bodies of animals, nor the branches, foliage, leaves, [and] flowers of plants, keep an equality of members or of parts—whether in figure, or in quantity, or in color—but [keep] only a symmetry, and a consent [agreement] of unequal parts, with incredible variety. Nor are all fruits—nay, scarcely any—spherical or cubic, nor do they affect the mathematical beauty of any regular figure; and scarcely among minerals [fossils] would you find one or two which have a regular figure from nature. The spaces of the lands—and, as it were, the plots [beds] of this great garden—and the spaces of the seas within them: did God, from the beginning of the world, force [them] within the limits of a circular, or quadrangular, or triangular figure? By no means indeed. But as to artifacts, although the beauty of some requires a certain equality in figures or motions, yet the greater part requires inequality and disparity, measured out by fixed rules. This is to be seen in Architecture, in Sculpture, and Painting, and the like; this in the liberal arts; this, finally, in every kind of Music—which makes for our matter—shines forth especially: for if you should try to reduce its motions and sounds to equality, or to deduce their laws from the equality of the parts (as if [the parts] regarded that [equality] primarily per se), [take care] lest you snatch from them all the sweetness of the harmonies, and destroy the soul of harmony. For what is wont to be tolerated as more unpleasant, and with greater tedium, than monotony and uniformity in singing and in modulation? Or what [is] more inelegant than if dancers to the beat [number], or [those] striking the cithara, primarily per se aimed to describe a circle, or some figure, with equal motions?


[Margin: 2nd argument, from the figures of the stars, the aspect [phases] of the Moon and Planets, and the spots of the Sun.]



[IX.] Secondly: if to a celestial body—because it is supposed to be simple—there were due, per se, an equality of motions and a most simple uniformity, then to it also would be due a beauty of regular figures in the disposition of the Stars, and a most exactly spherical figure of the Planets without any roughnesses, and a most shining splendor and brightness without any spots, and finally a perpetual light without any vicissitude of obscuration. But we discern the opposite—as many of us as look up at the heaven, whether with naked eyes or armed with a Telescope: for the configurations of the Stars are so far removed from regular figures that, if you except one or two triangles (and that not equilateral but Isosceles), the other stars might seem to be sown by chance and at random through the fields of the heaven, and very many [are] to be numbered among the σποράδες [sporades, the "scattered" stars] and the ἄμορφοι [amorphoi, the "shapeless" / unformed stars]—unless this incredible variety had at length become patent, to those contemplating these [things] deeply, [as] serving in a wonderful manner Agriculture, Navigation, Medicine, [and] Astronomy itself. The roughnesses in the globe of the Moon, and either the roughnesses or the spots in the face of the Sun, in the bands of Jupiter, and in the boss [umbo] of Mars, and finally the Eclipses of the satellites of Jupiter, and the overshadowings of Saturn by its attendants [the lateral bodies]—now in our age—


[…continues on p. 266 (PDF 301): "…the Tube-glass [telescope] has revealed [these things], not a fiction of Prometheus's wand, but a most true experiment of the Tube-glass; and yet from these very [things], no otherwise than from the Eclipses of the Moon and Sun, there arises a greater elegance and beauty than if all things had been disposed in the heaven in a simple and uniform manner. [X] Thirdly: the End to which the celestial motions are ordered requires in them some inequality (yet regulable and ordered)…"]





(printed p. 266 — completing [IX.], the second argument, on the telescopic evidence: what the telescope has revealed in our age is no fiction but a most true experiment; and from these very irregularities, no otherwise than from the Eclipses of the Moon and Sun, there arises a greater elegance and beauty than if all things in the heaven had been disposed in a simple and uniform manner.)


[Margin: 3rd argument, from the End.]



[X.] Thirdly: the End, to which the celestial motions are ordered, requires in them some inequality—yet regulable and ordered—namely, the diversity of effects in sublunary [things], and the incredible variety of influxes, and of changes to be effected for the sake of living and animate [beings], but especially for the sake of man, who from it [this variety] was going to obtain far more goods, and far more abundant matter for praising and loving his Creator, who is the End of all. And so, that for this variety the inequality which I have spoken of is a more apt means than mere equality, is too manifest to need proof.


[Margin: The heaven and the Stars were made for the sake of men.]



But that the heaven, and [whatever is] sensible, and whatever stars shine for us in it, were created for the sake of men—[this is so], whether the Epicureans will or no, and certain Copernicans (who [would have] the Earth rather [go] around the Sun than the Sun and all the stars around us, and around the immobile Earth as a center, act—will, I say, or no, it is true). For not only does Aristotle say (2 Physics, text 23), "for we too are in a manner the end of all things"; and (1 Politics, ch. 5) "that nature made all things for the sake of men"; and Cicero (1 On the Laws). But the infallible authority, divine Scripture, by this most valid argument, tries to deter men from [giving] divine worship to the stars; Deuteronomy 4 says: "Lest perhaps, [thy] eyes being lifted up to heaven, thou see the Sun and Moon, and all the stars of heaven, and, deceived by error, adore them, and worship the things which the Lord thy God created for the service of all the nations that are under heaven." For what is more foolish than that, by a man (to whom the supreme Lord has granted a certain useful dominion over the visible creatures), worship and adoration should be displayed to His ministers and handmaids? For God, as is held in Genesis 1, placed the stars in the firmament of heaven not that they might shine for themselves mutually, [or for] the heaven [alone], but "That they might shine upon the earth"; where Lippomanus rightly [says], in the Catena: "But if for this reason they were placed by God—that they might illuminate the earth—then not [were they placed] that they might lord it over man; for [God] is the Lord, who created them for the use of men." Likewise the sacred interpreters can be heard on that [text] of Psalm 8, where, when David had said, "For I will behold thy heavens, the works of thy fingers, the Moon and the stars which thou hast founded," at once, astonished that God has subjected these too to man, he exclaimed: "What is man, that thou art mindful of him, or the son of man, that thou visitest him? etc. And thou hast set him over [all] the works of thy hands." Which [words], although they must be understood especially of Christ—at least in the mystical sense, to whom it more properly belongs to be "the son of man," that is, of the Virgin Mary alone (since the others are sons either of no man, like Adam and Eve, or of two men; and so St. Paul understood [it])—yet, to the letter, not a few Fathers teach that [it] can be taken of any man whatever (as is to be seen in John Lorinus on that Psalm); and some [teach] that the former part, "What is man?", pertains to every man, and the latter, "or the son of man," peculiarly to Christ. And certainly to men pertains that [text] of the Apostle (1 Corinthians 3): "All things are yours, whether the world, or life, or death, whether things present or things to come."


[Margin: St. Chrysostom's opinion.]



But that those who deny the stars to have been made for our sake favor the error of the Gentiles, I gather from St. John Chrysostom (homily 6 on Genesis), saying: "For let us teach those preoccupied with the Gentile [error], with all gentleness, lest they confound the order, and—the Creator being abandoned—adore the creatures which were made for our salvation and utility; and if what we teach displeases the Gentiles, do thou nevertheless cry out with a clear voice that for the sake of the human race all these were made; for the Maker had need of none of these things for himself, but, that he might show toward us his indulgence and benignity, he produced all these—showing with how great honor he attends the human race, and that, led by the hand by these [things], we might ascend to an adoration befitting him." But here this golden Doctor was explaining the Work of the fourth day, and the formation of the Luminaries and stars.


[Margin: Lactantius's opinion.]



But Lactantius too (the book On the Wrath of God, ch. 13 and 14) [teaches] that the heaven was made for our sake; just as St. [Gregory of] Nyssa too (the book On the Formation of Man, ch. 1 and 2) teaches; and (bk. 7 of the Divine Institutes, ch. 3 and 4) he [Lactantius] inveighs not only against the Epicureans, denying that the world was made for our sake, but also against the Platonists, who indeed asserted the Providence of God, [but] did not expressly teach that the World was made for our sake—which, however, the Stoics taught: "It was necessary, therefore," he says, "for Plato too, and those who thought the same, to teach and explain what cause, what reason, there was for fabricating so great a work—why, or for whose sake, he made this. But the same Stoics say [that] the world was made for the sake of men." And a little after, against Plato (who asserted the future eternity of the world), he argues against this [view]: "If for the sake of men the world was made, and so made that it should be eternal, why then are they, for whose sake it was made, not everlasting? If [they are] mortal, for whose sake it was made, then it too [is] mortal and dissoluble; for it is not of more [worth] than those for whose sake it was made. And again: But whoever denies that it was made for the sake of men—he holds no reason [account]; for if he says that the Maker himself wrought these so great works for his own sake—why, then, were we born? why do we enjoy the world itself? why do we intercept goods belonging to another? etc. Doubtless God willed to be seen [to appear], and to fashion, by his various images (as it were, seals), with which he might delight himself; and nevertheless, if it were so, he would have care of living beings, and especially of man, to whose command [empire] he subjected all things." But as to what the same Lactantius says (ch. 4), "The world, therefore, [was made] by God not indeed for his own sake—for he needs neither the heat of the Sun nor [its] light, etc.; and all these things which are in the heaven, and which are generated, God himself does not use"—[this] must be corrected; for indeed, "The Lord has wrought all things for his own sake," as is said in Proverbs 16. And so Fromondus, in his Vesta, rightly teaches from Tertullian that "both the stars and the elements serve [are subservient to] man"; and John Baptist Morin, against Lansberge, observes that it was fitting for God to regard the utility of men, and not only the facility or shortcut [economy] of nature in these motions; and Fr. Nicholas Zucchi (in the new Philosophy On Machines, part 5, sect. 11) is angry against those who strive to suppress this truth, Scripture and the disposition of the whole universe resisting. Nor let it seem to anyone too much, that such vast and sublime bodies were made for the sake of men: for since they were made that the contemplating creature might thence acknowledge and adore the Creator—and [since] the Angel, being himself without senses, would not need the beauty of the sensible world for that—it remains that all these sensible things were made only for the sake of men; but man himself, and all things, for the sake of God.


[Margin: Andreas of Jerusalem.]



Wherefore, significantly, Andreas of Jerusalem said (in the sermon On the Angelic Salutation) that man is [the one] for whose sake God οὐρανὸν [ἐδημιούργησε] [created the heaven], etc.—that is, established the heaven, made firm the earth, spread out the air, widened the seas, and finally made the whole [mass and fabric] which is subjected to the eyes [a thing] to be looked up to.


[Margin: St. Augustine. — Arnobius.]



And therefore elsewhere he calls man μέγα τῆς ἐργασίας κατόρθωμα—namely, a vast specimen [masterpiece] of the divine operation; and by St. Augustine (sermon 225 On the Season) it is said: "Man, the dear and friendly possession of God; man, for whose sake the heaven was made firm." Nor say that it seems unfitting that this greatest World, and the immense mass of the heavens, was made for the sake of a three-cubit little manikin: for although man was called by the pagan Philosophers μικρὸς κόσμος [mikros kosmos, a little world], and is smaller in mass than the heaven, yet in the perfection of [his] nature and in rational nobility he is more august and greater—which Arnobius indeed touched on (bk. 2 Against the Gentiles), in these words: "This is that precious [being], the man endowed with most august faculties, who is called a lesser world, and is wholly fashioned into the species of [God's] likeness."


[Margin: Hermias. — St. Gregory Nazianzen.]



Nay, from Protagoras's opinion, Hermias (in [his] Mockery of the Gentiles) called man ὅρος καὶ κρίσις τῶν πραγμάτων—the boundary [terminus] of things, [their] judgment and norm; but expressly St. Gregory Nazianzen (oration 38) denied that man is a μικρὸς κόσμος (a little world), and rather called him μέγας κόσμος ἐν μικρῷ—a Great world in a small [compass]. But to whom would it seem wonderful or incredible that the heaven and stars were made for the sake of men—if the Son of God (as the Church professes in the Creed), stooping under the burden of [his] immense benefit, sings: "Who for us men, and for our salvation, etc."; and in that sweetest hymn: "Given to us, born to us"?


[Margin: Synesius. — St. Ambrose.]



And so cleverly Synesius (Epistle 57) [says] of man: "τίμιον ζῷον ὁ ἄνθρωπος," etc.—man is a precious animal, if for his sake Christ was lifted up on the cross. And on Psalm 118 [119] St. Ambrose calls him "the Precious work of God"; and in the book On the Good of Death: "The whole world is a small [thing] for the loss [expenditure] of one soul." Finally St. Gregory of Nyssa (homily 4 on Ecclesiastes) affirms that not even the whole world is ἄξιον τῆς ψυχῆς ἀντάλλαγμα—a worthy price [exchange] for the soul.


[…continues on p. 267 (PDF 302): "Let Lucretius, then, be gone — [Lucretius] of Epicurus's herd, wont to grunt rather than to sing — when he dares to say: 'To say, moreover, that [the gods] willed to prepare, for the sake of men, the splendid nature of the world, etc., is to dote; for what [profit is it] to the immortal and blessed [gods]…' " — then Riccioli turns to the remaining proofs/objections of Chapter IV.]





(printed p. 267 — completing [X.], the argument from the End: the argument closes with a dismissal of Lucretius, of Epicurus's herd and wont to grunt rather than sing, before quoting the verses he dares to utter.)


"To say, moreover, that [the gods] willed to prepare, for the sake of men,
the splendid nature of the world, etc.,
is to dote [be foolish]; for what [reason is there] that the immortal and blessed [gods]
should undertake to do anything for our sake?"



I recognize, indeed, that there will be [those] who now think me to be wandering outside [the subject], and to be playing the preacher or the ecclesiast rather than the Astronomer; but they will now have to consider, from what has been indicated, that these darts are directed by us against two kinds of enemies. One is [the kind] of those who, attributing to the Earth the annual motion, will not have it to be the center of the celestial motions, nor [will they have] the stars [to be ordered] for the sake of the living beings placed on it—nor even for the sake of man—in such a way that the earth and man do not also, together with it, as a Planet's inhabitant, revolve around another, more principal, body in the world; and for this cause they make light of this doctrine of the Heaven and World made for man's sake. The other kind is [that] of those who, too much addicted to the equality of the motions, when they see them to be unequal with respect to the earth (or the center of the world, from which they are regarded by us), deny that their motions are per se ordered to this center, or for our sake.


[Margin: A compendium of the third argument, and [its] double force.]



Against these, therefore, we hurl this twin argument—but set forth more loosely—thus gathered, as it were, into a throwing-strap for [casting] in few [words]: "The motion of the heavens and stars, with respect to the men observing [it], is unequal; but the motion of the stars per se—that is, from its primary end and the chief institution of God—is unequal; therefore it is per se, and not only per accidens, unequal." And again: "The motion of the heavens and stars, in order to the variety of effects which the sublunary [things]—for man's sake—and man himself especially, were to enjoy, had to be unequal; but the same motion per se is ordered to the variety of these effects, and especially for man's sake; therefore this motion per se had to be unequal."


[Margin: 4th argument, from the order of the parts to the whole.]



[XI.] Fourth: It is admitted among the Astronomers (the defenders of the equality of motions) that, if the whole composite motion of the Planets be regarded, it is unequal—inasmuch as accomplished through diverse circles described from diverse centers; but [they hold] that, if the motions of the individual circles be regarded separately and singly—say, the motion of the center of the Epicycle in the Eccentric, and the motion of the body of the Planet in the Epicycle—they are simple and equal about their proper centers. Now I argue thus: The motion of the parts is not for the sake of the parts themselves, nor per se in comparison to the whole; but per se it is for the sake of the whole; or at least, comparing parts and whole, that which is had per se [as primary] is rather the whole itself, as the end and [as] a perfect thing. But the whole motion, arising from these partial motions, is unequal, granted that the partial [motions] are equal. Therefore the motion of the Planets is per se unequal.


[Margin: 5th argument.]



[XII.] Fifth: If the motion of the stars were per se equal—inasmuch as regarded in order to [its] proper center—it would be necessary that it had been ordered by God to that center, as to some good and [something] more excellent than the movable [body] itself. For if you say that equality befits them for the sake of themselves, not for the sake of the center—this is what is in dispute, and ought not to be assumed as conceded; nay, rather, they [the stars] are of themselves indifferent to motion around this or another point of the universe. Wherefore, if in their motion they per se depend on one point, which is the center of their circle, then surely [they depend] on it—either as an end, or as an efficient and influent [cause]—and acquire perfection [from it]. But neither the center of the Eccentric nor the center of the Epicycle has any dignity in the universe, nor any force for influencing the stars (unless someone gratuitously and rashly fabricate it), but they are unstable points in the universe, and of no quantity, not to say excellence. Incongruously, therefore, is the quality of the motion of the heavens estimated from [its] order to points of this kind; and so equality per se, founded on these, has an unstable foundation, and [one] of no moment.


[Margin: 6th argument, from the situation of the observers and from the senses.]



[XIII.] Sixth: If the apparent or optical inequality is per accidens—because our eye is now outside the center of the circle through which the Planet is moved, and no eye is in the center of the Eccentric or Epicycle, whence it could regard the motion such as it is per se, and as it ought to be regarded—then that perfection [the per se equality] lacks a spectator, and only the imperfection (that is, what is per accidens) has had a spectator; but this seems to derogate from the divine omnipotence. But if you say that God gave to man not only the eyes of the body, but also [the eyes] of the mind, that by reason he might gather, from the inequality of the apparent motion, the theory of a motion per se equal—on the contrary [I say it is so], because the presumption [possession], in this judgment, stands for the senses; and unless from elsewhere the intellect be evidently or certainly bound to correct the judgment which, relying on the senses, it made about these motions, it must pronounce for the senses, and estimate these motions to be such as it is established they have been detected to be by the constant experiment of the observations through all the ages—namely, unequal. Granted that, for the ease of calculation (on account of our weakness), we may feign mean and equal motions, and use, for declaring them, perfect circles—that is, circular motions made equally about their proper centers—yet this equality (or rather, this fiction of equality) holds per accidens in this art; therefore the inequality [holds] per se.


[Margin: 7th argument, from rectilinear motion.]



[XIV.] Seventh: Some celestial motions are made through straight lines, or chords of circles, according to Copernicus, Maginus, Longomontanus, [and] Lansberge—as are certain librations; and yet, in order to safeguard equality, they take a law from a circle, and those motions are feigned [as] made in a circle, when nevertheless they are not [so]; therefore, if the path itself, through which they are really accomplished, be regarded, those motions are per se unequal. And the same argument holds of the motion made through an elliptical circumference, according to Kepler and Bullialdus; for the Planets really, as these two Astronomers will have it, are carried through the circumference of the Ellipse unequally—granted that Bullialdus adds [that], through any two extremes of the ordinates in the Ellipse, circles can be drawn, and from them some ratio of equality be taken: for the Planet does not proceed through those circles. Then [also], it is one thing to be moved per se equally—which we deny to the stars—and another [thing] to take, from an external circle, laws not of equality, but of a motion [proceeding] by some regular increment or decrement (which could be conceded): as if a movable be carried through a straight line, but with that variety which the sines, or secants, or tangents, require, according to an equal number of degrees taken in an equal time. But hence it would rather follow that that inequality is per se intended; because, for the sake of preserving it—but [preserving it] with some rule—a feigned motion, equal, through a circle, is assumed from without. Just as, if for describing an Ellipse or Parabola an instrument were made which—turned about in some part of itself through a circle—would be apt for describing an Ellipse or Parabola, surely the Ellipse and Parabola would be intended per se as the end, and the motion through the circle as the means. So too, [though] the Harmost [tuning-master], or chief-Musician, by equal elevations and depressions of the hand, in equal time, measures out the tempi for the singers, yet per se he intends that they—according to the musical notes—raise and lower, lift up and depress, hasten or retard [the voice], and per se regards the inequality of the harmony, not the equality of the beat.


[Margin: 8th argument, from the motion of the Fixed [stars].]



[XV.] Eighth: The motion of declination of the Fixed [stars], and the variation of the right ascensions, is unequal, nor is it varied equally in an equal time, as is known from the Problems of the prime Mobile; and yet it is such [unequal] in order to [its] proper center, and follows necessarily from the equal motion of longitude; nor can it be said, with foundation, that this [declination motion] is per accidens intended, but the motion of longitude per se. As, therefore, this motion is per se unequal, so can others be in the heaven.


[Margin: 9th argument, from reconciling the Planets' motion with the Prime Mobile.]



[XVI.] Ninth: There is no better and simpler reason for reconciling the proper motion of the Planets with the motion of the Prime Mobile than through spirals and helices, as we taught in ch. 3. But the Planets are not ordered to a single center; rather, they are screw-wise [cochleatim] loosened and restrained, raised and cast down in various ways. Therefore that equality, taken from perfect circles, is not per se intended by Nature and God.


[Margin: An objection is dissolved.]



[XVII.] Furthermore, the adversaries asserting that it is an Axiom long since received in the Schools of Physics and Astronomy—that of a simple body (such as is any celestial body) the motion too must be simple, that is, equal—it would be answered that this is true of the motion of the Prime Mobile, or [true] indeed of the motion of the Secondary mobiles, if equality be taken as it is opposed to irregularity and randomness, that is, to the disorder of the motions. Otherwise [if it means uniform speed], it is denied to be an axiom; or at least it is conceded, but [only] of a body which is simple not only in its being, but also in the character of [its] cause, or in its effects—in neither of which ways are the heaven or the stars simple. Furthermore, Aristotle's reasons are merely topical [dialectical], nor do they contain an adequate cause of the inequality in the motion; for that [inequality] can arise from elsewhere than from the end, and the terminus in which the movable seeks to rest, or—


[…continues on p. 268 (PDF 303): "…than from the impotence of the mover, or from the resistance of the subject which is moved, as is plain." — and so Chapter IV ends; then CHAPTER V opens (whether the Intelligences geometrize or calculate).]





(printed p. 268 — completing [XVII.], the close of Chapter IV: the page opens mid-sentence, concluding that the inequality of celestial motions can arise from causes other than the impotence of the mover or the resistance of the subject moved.)




Chapter V, Whether the Moving Intelligences of the Heaven and Stars *per se* intend the description of some Geometrical Figure, or depend on it as on a Rule; or whether rather they accomplish the motions by the numbers of Logistic [calculation] alone; and whether the same [thing] must be attempted by men in the exposition of these motions


[Margin: Peter Ramus's opinion about Astronomical hypotheses.]



[I.] The occasion of this controversy was given us by Peter Ramus; about whose opinion it is better to hear Tycho, writing and judging thus in [his] Epistle to Rothmann (of the year 1587, on the 20th day of January): "But that that most celebrated Philosopher of our age, Peter Ramus, thought that Astronomy could stand without Hypotheses, by Logical reasons, lacks foundation. He proposed indeed to me, 16 years ago, when we were together at Augsburg, this opinion; and was at the same time an exhorter [urging] that, after I had reduced the course of the stars into exact order through Hypotheses, I should aim to attempt the same without these. For he wished this to be done"—he says, and added the reason, that he had read that the Egyptians of old had a most easy knowledge of Astronomy; "and, since the method of Hypotheses seems difficult and intricate," [he reasoned] that they must have known the courses of the stars by another, more compendious and plainer way—that is, without all hypotheses. Thus he [says], p. 60; to which I subjoined my judgment and censure in these words:


[Margin: Tycho's censure of P. Ramus.]



"But I resisted him, showing that, without Hypotheses, the celestial phenomena cannot be reduced into a certain science, nor be accounted for so as to be understood; but that that Egyptian 'easiness' existed only in the Equatories [the planetary-position instruments] of the Planets, by which they freed themselves from tedious computation, when the ready method of Ephemerides was not yet in use. But although this man, otherwise endowed with a perspicacious genius, and a lover of truth if any [other] was, seemed to me not to have thoroughly inspected the inner sanctuaries [penetralia] of this art, and not to have noticed the variety in the motion of the stars, by no means recurring at fixed times of the year—I could neither obtain anything from him in this part, nor [did I] wish [to]. He has still very many followers, who hope that the same can be done; but who do not understand the matter itself, nor will ever bring [it] into effect. For since all things consist of number, weight, and measure, by these too [nothing] can be explained [otherwise] in the invisible world. But Hypotheses show nothing other than the measure of the apparent motion through a circle and other figures, which Arithmetic resolves into numbers: without these, if anyone wish to comprehend the motion of the Stars, let him invoke fortune (as it is wont to be said), and imagine a supramundane reason, beyond human intellect, and plainly incorporeal, and more than Angelic—[which] is necessary." Thus far Tycho against Peter Ramus.


[Margin: Patrizi's opinion, and Kepler's censure.]



And not dissimilar [things are said] against Francesco Patrizi by Kepler (in the commentary on the motion of Mars, ch. 1), where, when he had indicated the ancients' observation about the double motion in the heaven, he subjoined: "This first adumbration [sketch] of Astronomy—which stands by no explanation of a cause, but only by the slow experience of the eyes, and which can be explained neither by figures nor by numbers, nor be drawn out [predicted] into future times, since it perpetually disagrees with itself (so that no spiral is equal to another by a delay of time, [and] none passes into a neighboring [spiral] by a bending of the same quantity)—this [adumbration], I say, some nevertheless today, the labors of these thousand years being trampled under foot, strive to restore by diligence, erudition, [and] science, forcing upon the crowd an admiration of themselves (by an effort not unsuccessful among the unskilled); whom the more skilled judge—rightly and deservedly—to play the fool, or (if the Philosophers will [have it] otherwise, like that Patrizi) to be mad with method [reason]."

To these is added that God is said (Wisdom 11) to have disposed all things "in measure, and in number, and weight," and by Plato [is said] "always to Geometrize" [θεὸς ἀεὶ γεωμετρεῖ, God always geometrizes]; and, finally, [that] if it can be done that the Phenomena of the celestial motions be represented by some figure having the beauty of a Geometrical figure, this would be better than to set forth those motions without this appearance.


[Margin: A defense of Ramus and Patrizi.]



[II.] Yet for the opinion of Ramus and Patrizi there occur reasons not to be despised. For, first: out of so many Geometrical figures which the Astronomers have hitherto tried to accommodate to the celestial motions—whatever they boast, and especially Lansberge—none yet plainly satisfies all the legitimately-observed phenomena of [even] one Planet; nay, every year some discrepancies are detected, both in Eclipses and in the other vicissitudes of such motions; and this, not a few refer rather to the hypotheses [being] contrived, than to a defect of the observations. But what has not been done through these hypotheses, scarcely seems able to be done in the future through others; since all the combinations of Eccentrics, Epicycles, and Concentrics, and all forms of hypotheses through circles or ellipses, seem [already] to have been tried (as is plain from what was said in bk. 7, sect. 2 and 3); but the multiplication of little circles is liable to several errors, the more it has been complicated from several differences of motions.


[Margin: 2nd reason.]



Secondly: that necessity of a Geometrical hypothesis seems to have arisen rather from our own weakness or habit, than from the nature of such motions. For because, from adolescence onward, we have been versed in the mathematical dust [trained in geometry], and can ill do without the apparatus of Geometrical demonstrations—or, without it, can only with difficulty imagine the causes and rules of the celestial motions—therefore we seem to need these for understanding and thoroughly teaching their Theory; especially since we do not have all and singular the observations which would manifest to us one whole period, explored day by day through its parts, and exhibit its constant law; and therefore the remaining equations for the calculation of the mean motions (which we ourselves feigned for an easier use of calculation) we are in a manner forced to hunt out, from the necessity of some Geometrical figure, by whose laws the Planets may be bound. And hence, doubtless, it seems to be, that we never attain the subtlety of Astronomical truth; for we hunt the path of the Planets by a way feigned by us. But if we had sufficient observations, held on each [single] day, we could perhaps render the account of these motions without the laws of Geometry, and by purely Logistic [arithmetical] laws—that is, by very recondite ratios and proportions of numbers.


[Margin: 3rd reason.]



Thirdly: the motions of the stars are most probably accomplished through spirals, as we already said in ch. 3; and [they] are per se unequal, as we taught in ch. 4; but these two conditions do not seem easily to cohere with the termini of any Geometrical figure, but rather to connote the motions of the Planets [as] loosed from them, and bound by other laws outside the jurisdiction of Geometry.


[Margin: 4th reason.]



Fourthly: it pertains to the dignity of the Intelligences moving the heavens and stars, that in these [motions] they follow rather the ideas of numbers (which abstract from sensible and imaginable matter) than [the ideas] of continuous quantity (which does not abstract from it); nor [that] they need, for directing those motions, the contemplation of circles, or ellipses, or similar figures. And if perchance they designate any figures in the heaven by those motions, [these are something] posterior, and a consequent effect, but not an exemplary cause or idea of which they have need. Just as neither to singers, nor to cithara-players, nor to dancers to the beat, are there set forth, for imitating, figures of the various motions which they certainly designate by tongue, hand, or feet—like a footprint passing [vanishing] in the air.


[Margin: 5th reason.]



Fifthly: just as the proportions of the motions, by which various pendulums are agitated to and fro, together with their intervals, follow the ratio of the odd numbers taken in order—so that the heights [amplitudes] of any two pendulums are to one another as the squares of the times; and [just as] the increments of velocity in the natural motion of heavy bodies keep a similar proportion (as we taught in bk. 2, ch. 20 and 21)—nor in these is the law of any figure attended to: so it seems probable that similar, or more sublime, reasons are in the minds of the Intelligences, by which they infallibly carry the stars around, and present them in their places at the fixed time, without the aid of any figure.


[Margin: Conclusion.]



[III.] Let us conclude, therefore, that Geometrical figures are indeed to be used, as long as nothing better and more certain occurs; but that they are not to be vended [touted] as the true causes of the anomaly of the celestial motions, nor [is one] to pass, from the name "Hypothesis," to a real necess—


[…continues on p. 269 (PDF 304): "…ity of such a figure. Yet meanwhile [it is] probable [that] what was said at num. 2 [is true] — namely, that the Intelligences use merely logistic [arithmetical] reasons for the harmony of these motions, without the contemplation of a figure directing them, or [a figure] set before them, by primary intention, for imitating…"]





(printed p. 269 — completing [III.], the Conclusion of Chapter V: one may not pass from the name "Hypothesis" to a real necessity of geometrical figure in the celestial motions; probably the Intelligences use merely logistic, arithmetical reasons, though they may also represent the beauty of some figure fitted to the spiral motion. Whatever geometry or harmony be feigned must agree with the phenomena and with the end divine Providence set for these motions, as the analogy of the human body's organs shows; and it is not yet established that such figures repugn that end.)




Chapter VI, Whether the Proportions of the celestial motions are knowable by us in this life, and expressible [effable]; and whether [they are] all rational, or rather some irrational; where [we treat] of the Revolutions of them all into the same [point]


[Margin: Plato's opinion.]



[I.] What Plato thought in this matter will become manifest from his Epinomis; for there he calls those who were occupied about the mere observations of risings and settings, and the prognostics to be deduced therefrom, τοὺς ἀστρονομοῦντας [the "star-gazers"]; but he calls ἀστρονόμους [Astronomers] those who investigate the celestial motions themselves; and he says: "You are ignorant of Astronomy; because he who is truly an Astronomer must be the wisest—I do not mean him who practices Astronomy according to Hesiod and all like him, inasmuch as he contemplates the risings and settings of the stars, but him who beholds the seven periods of the eight periods, of which each one traverses the same circle in such a way that universal nature is scarcely, scarcely equal to contemplating them, unless it be a partaker of that wonderful nature." But I believe that, by "the seven periods of the eight periods" (for thus the Greek codex has, τῶν ὀκτὼ περιόδων τὰς ἑπτὰ περιόδους), he understands not the simple revolutions of the Fixed [stars] and Planets separately, but the revolutions of all these together to the same point—which they are wont to call the Platonic Year, according to that [saying] of Cicero in the Dream of Scipio: "But when all the stars shall have returned to that [point] from which they once set out, and shall have brought back the same configuration of the whole heaven after long intervals, then can it truly be called the 'turning year' [annus vertens], in which I scarcely dare to say how many ages of men are contained." Of this year, therefore, and of the proportions and commensurations of the celestial periods, no one can perfectly attain—in Plato's opinion—unless he have obtained a celestial and admirable genius. But Aristotle (bk. 1 On the Parts of Animals, ch. 5), notwithstanding this difficulty which he confesses to be found, says that even a modest knowledge of these things is more delightful than the [full] science of certain other [things].


[Margin: Delphinus's opinion.]



Nay, John Anthony Delphinus (in the book On the celestial globes and motions, ch. 23) contends that no one, while he remains enclosed in the workhouse [ergastulum] of this mortality, can naturally have an undoubted science of the proportions and measures which are precisely in the celestial motions—because those proportions consist in an indivisible [point], and the least difference varies them; but [that], on account of the distance of the stars, differences of this kind become insensible in the life of one man, though afterward, by the lapse of ages, they become sensible.


[Margin: Clavius's opinion.]



Our Clavius too, toward the end of the Commentaries on the Sphere of Sacrobosco (speaking of Copernicus's attempt at emending the celestial motions, p. 452), concludes thus: "It is exceedingly difficult so to define the periods of the motions, that they do not deviate from the truth for many ages of years; since no mortal has ever been able so to determine the period of [even] one Planet, that there do not remain over, or be lacking, some tiny amounts which, in a great interval of years, induce a notable error. So that it is indeed wonderful that God, Best and Greatest, willed to obstruct the motions of the planets with such great difficulties, that no one of men can perfectly attain them, but always finds [something] which he may admire in so great an artifice of such noble bodies, and in so great a harmony and concord of their motions—celebrating their Creator and Mover with perpetual praises. So that, especially on account of the constitution of the heavens and their motions—in which there always seems to remain [something] which may be inquired into, with the highest diligence, by the most skilful searchers of celestial things—it seems to have been written by Ecclesiastes (ch. 3): 'And He has delivered the world to their disputation'—lest, namely, at some time, if men had perfectly understood the number, order, constitution, and motion of the heavens, they should cease to inquire into and admire the works of God; and [their] minds, the cause of exercising [them] being removed, should grow torpid in idleness."


[Margin: Job 38.]



[II.] But from the divine Scriptures, and the sacred writers, we have long since learned how arduous this Astronomical business is. For what else does that thunder of the divine voice to Job, from the whirlwind, signify, speaking thus: "Dost thou know the order of heaven, and wilt thou set down its reason on the earth?" and again, in the same chapter 38: "Who shall declare the reason of the heavens, and who shall make the harmony of heaven to sleep [be silent]?"—That is, if I am not mistaken: who will so perfectly describe and explain the motions of the heavens, that men, now secure about their course, may cease from observing the motions of the stars in the future, and so sleep [be at rest]? For just as the heavens are said to praise the Lord, because they rouse men to the praises of the Lord, and are an object moving [one] to praise Him, so too they would be said to "sleep," if they were so [perfectly] known that they now invited men to sleep.


[Margin: Solomon's knowledge divinely infused.]



But although Solomon proclaimed the wisdom of these things divinely infused into him (Wisdom 7), saying: "For He gave me the true knowledge of the things which are, that I might know the disposition of the globe of the lands, and the powers of the elements, the beginning and end and middle of times, the changes of vicissitudes, and the conversions of the seasons; the courses of the year and the dispositions of the stars"—yet the same [Solomon], in Wisdom 9, considering the merely natural powers of the human genius, thus professes: "And we estimate with difficulty the things which are on earth, and the things which are in [our] view we find out with labor: but the things which are in heaven, who shall investigate?"


[Margin: Philo's opinion.]



And indeed hence the Fathers press [against] the judicial Astrologers, [arguing] that it is impossible to know exactly the course and aspect of the stars—especially Sts. Basil (homily 6 of the Hexaemeron), Ambrose (bk. 4 of the Hexaemeron, ch. 4), Augustine (bk. 5 On the City of God, ch. 3), [and] Gregory (homily 10 on the Gospels); to whom add Origen (in Eusebius, bk. 6 of the Preparation of the Gospel, ch. 9), and Philo (in the book On Dreams), who, after relating diverse opinions about the stars, concludes: "The [things] which are circulated about them and the heavens are uncertain and incomprehensible, [and] rest on probable conjectures rather than on certain and true reasons—so that it is lawful to swear that no mortal can ever rightly perceive anything of these."


[Margin: Martinengus's opinion.]



[III.] But whether the periods of the celestial motions are commensurable with one another, and consist of rational proportions, or rather of irrational [ones]—Astronomy has not yet so advanced that it is permitted to settle this controversy with certainty; and it will be enough to have indicated the opinions. For, as Ascanius Martinengus says (in the Great Gloss on Genesis, p. 1045): "Certain most learned Mathematicians, by the best reasons, thought that the conversions [revolutions] of the heaven are incommensurable among themselves; and therefore that the same face of the heaven, and position of the stars, can never return; and they strive to affirm this by no weak reasons."


[Margin: John Anthony Delphinus.]



Certain [others] thought that only after thirty-six thousand years—or, according to others, forty-nine thousand, in which the supreme and slowest sphere will complete [its] revolution—the positions of the Stars return to the same. So John Anthony Delphinus (in the book On the celestial globes and motions, ch. 24 and 25) problematically defends each side; and adds that from this it is not sufficiently proved the asymmetry [incommensurability] of these mo—


[…continues on p. 270 (PDF 305): "…tions, [merely] because the Astronomers have hitherto disagreed among themselves about the measure of the Solar Year and the Lunations — for this happened on account of the brevity of life, and the unobserved (or badly-observed) returns of these periods; and on account of this, the Astronomical tables must be reformed every two-hundredth year…" — then the Lunisolar-cycle problem (Vieta, Clavius, Bullialdus), and Kepler's case that the period-ratios are irrational and the Platonic Year impossible.]





(printed p. 270 — completing [III.], on the commensurability of the periods: astronomers' disagreement over the measure of the Solar year and the lunations does not prove these motions incommensurable, since it arose from the brevity of life and defective observations. Yet no luni-solar cycle has been found that exactly restores the Luminaries to the same point of conjunction; even Vieta's 3400-year period falls short, according to Kepler and Clavius.)


[Margin: Bullialdus's opinion.]



Nay, Bullialdus too (bk. 2 of the Philolaic Astronomy, ch. 3), when he had said, "But that measure is false; for the motion of the Sun does not depend on the Lunar; nor did the ancients, with happier auspices, make the annual motion of the Sun commensurable with the Lunar synods," a little after says: "For who hitherto has asserted and demonstrated that the annual motion of the Sun is commensurable with the Lunar cycles?" To these, Amicus (tract. 5 On the Heavens, q. 6, dub. 10) teaches that these proportions cannot be known; but [also] that, even if they be irrational, there is no imperfection in the heaven, because they are commensurate to the end fixed by God.


[Margin: Kepler's opinion.]



But Kepler, contemplating these things with a deeper effort of mind (in the Epitome of Copernican Astronomy, bk. 4, p. 512), distinguished thus: "The ratio, indeed, of the extreme motions—the slowest and the swiftest—contemplated in any one Planet, [being] most exquisitely harmonic, is the supreme and adorable work of the Creative Mind. But the lengths of the periodic times, if they were the work of mind, would have something of beauty, such as the effable [expressible] proportions are—double, triple, and the like. But now the proportions of the periodic times are ineffable (commonly, irrational), and so partakers of infinity, in which there is no mental beauty, because no finition [bound]." And he confirms that these times cannot be the work of mind, in these words: "Secondly, these times cannot be the work of mind, because the times of one period are gathered from unequal delays in diverse parts of the circle; but those unequal delays (as will be said below) arise from material necessity, as it were from the principle of a balance [steelyard]." Thus he [Kepler], wholly bent on showing that the Planets are not moved by Intelligences, but by the Sun, according to the principles of the balance and lever, and magnetic attractions; and the Sun, [moved] by a certain material soul.


[Margin: The Platonic Year [is] impossible, according to Kepler.]



But the same [Kepler], in the Mysterium Cosmographicum (ch. 23), investigating the end [purpose] of the Astronomical World and the Platonic Year, concludes in these very words: "That no terminus can be set for the motion rationally, and that there will be no Platonic Year, I will prove from one postulate. For let it be granted that the Eccentricity is to the orb in a rational proportion: then the radii of the orbs will be mutually irrational, because they are related as [figures] inscribed and circumscribed to bodies, which are irrational—because they follow from the ratio of the subtense [chord] in the square, and of the section according to the extreme and mean ratio [the golden section]—which two are examples of irrationals in Geometry. But now the motions are in proportion to the Radii: therefore the motions too [are] mutually irrational; and so they will never return to the same beginning, even if they should last for infinite ages—because never, in [any] infinite section of time, would there occur a common measure by which, repeated often enough, one terminus of all the motions, and goal of the Platonic Year, might be constituted." Which being so established, he exclaims, with Pliny (bk. 2, ch. 1): "The World is sacred, immense, whole in [its] whole—nay rather, itself the whole—finite and like to the infinite"; and with Copernicus (bk. 1, ch. 10): "So great, indeed, is this divine fabric of the Best and Greatest [God]."


[Margin: A judgment on Kepler's opinion.]



[IV.] But the aforesaid argument of Kepler, drawn from the comparison of the orbs and the eccentricities, holds indeed in a hypothesis employing the figure of an Eccentric orb, or in [one] equivalent to it as to Geometry; but not in every [hypothesis] which is equivalent only as to numbers—say, in a motion made spirally through helices, or if the Angels move the heaven and Planets using merely Logistic rules, and not regarding circles, ellipses, or similar figures. Nor is it evident that the proportions which are ineffable to us—or at least, because they tend toward infinity—are devoid of all beauty; since the Divine Immensity and Eternity has all the perfection of the infinite, and yet does not lack its [own] beauty. Just as neither is it evident that it is not more beautiful that, in the celestial motions, there be proportions of each kind [rational and irrational]. Finally, it does not please [me] that he [Kepler] makes God the author of the effable proportions, but denies [Him to be the author] of the ineffable.




Chapter VII, On the Sound and Concent, that is, on the Harmony, of the celestial motions

[I.] Since this Harmony arises not only from the celestial motions, but also from the intervals of the distances, and other proportions; and does not hold itself in the same way in every [world-]system: it has seemed [good] to defer this controversy to the last Section of this book, in which the Harmonic and Geometric System will be treated—so that, by that last [section], as it were by a [musical] sound, the ears of the erudite Reader may be refreshed.



[END OF SECTION II.] (The page closes with a tailpiece and the catchword "SECTIO" — Section III begins on printed p. 271 / PDF 306. The harmony-of-the-spheres question raised here is deferred by Riccioli to the final Section of Book IX.)


Chapter I, On the Number of the Total Heavens


[Margin: Is the heaven single, or, for Aristotle, several?]



[I.] First, it is wont to be asked whether the heaven is single, or several are to be asserted—to which question occasion was given both by Moses, naming a single heaven in the beginning (about which, St. Thomas, Summa part 1, q. 68, art. 4, and we below at num. 2 and 3), and by Aristotle (bk. 1 On the Heaven, ch. 6, or text 76), saying: "But let us state why it is not possible that there be several heavens." Yet the same [Aristotle], in the same place, by the name "heaven" understands the World, the denomination being taken from the chief and by far greatest part of the World; for he concludes (text 80): "But since this is absurd, it is impossible that the worlds be more than one." And this he tries to show: both from the name "Universe," which is commonly attributed to the World—but if there were several worlds, the name "Universe" would be attributed to one of them badly, or equivocally; and because, if any worlds were of the same species, the earth of one would strive to tend, by its weight and its own nature, toward the earth of another, and fire toward fire, or else the single elements would be restrained within their single worlds by perpetual violence. But it is necessary that the elements of any world be of the same species—say, fire compared with fire—because the simple motion which is owed to simple bodies is either circular (and this belongs to the heaven), or straight (and this is either upward simply, or upward in a certain respect, or downward simply, or downward in a certain respect); and the element which tends upward simply we call fire, and that [which tends] downward, earth, etc. Wherefore, since another division of simple motion according to species is impossible, it seems impossible too that there be given other elements of a diverse species. From which discourse it appears that he speaks of the unity of the World composed of the heavens and the elements. Yet above (ch. 4, text 22) he had distinguished the heaven from the elements, saying: "Wherefore, there being, as it were, a certain other first body besides earth and fire and air and water, they called the supreme place 'aether'—imposing on it the name from 'running always' in everlasting time [Greek aei thein, ἀεὶ θεῖν, 'to run always,' whence αἰθήρ, aithēr]. But Anaxagoras misuses this name, and not rightly, for he names 'aether' for fire." Hence it came about that he entitled four books On the Heaven, although in [bks.] 3 and 4 he treats only of the elements. But in the heaven—taken strictly for the place of the stars, or that simple body to which circular motion belongs—Aristotle acknowledges several spheres (Physics 8, and Metaphysics 12), as we shall show below, explaining the Aristotelian system. Now we must treat of the opinions of others.


[Margin: 1. Opinion — on a single heaven.]



[II.] The First Opinion posited a single heaven, but not in the same sense. For St. Chrysostom—because in Genesis 1 it is said, "In the beginning God created Heaven and Earth," and [because] he otherwise knew that it is therefore said Samaim or Hasamaim (Hebrew שָׁמַיִם / הַשָּׁמַיִם, šāmayim / haššāmayim, "heaven[s]") in the plural number, since among the Hebrews "heaven" lacks a name of the singular number (just as, among the Latins, Athenæ and Venetiæ [are plural in form]); and [because] he otherwise thought that this heaven, named on the first day, is not distinct from the heaven, or Firmament, made on the second day; and finally judged that the whole heaven is immobile, and that the stars are not moved at the motion of the heaven, but move per se within the heaven—for these reasons, I say, he thought the heaven to be single, taking "heaven," however, more strictly, and not comprehending the aerial [heaven]. And so, in homily 4 on Genesis, he concludes: "Who, then, after such great doctrine, will bear those who dare to speak from their own brain, and, against the divine scripture, to assert many heavens?"—to which [statements] he has similar ones in homily 12 to the people of Antioch, and homily 25 on the Epistle to the Hebrews.


[Margin: St. John Chrysostom. Tertullian. St. Bonaventure.]



And of the same opinion was Tertullian (in the book Against Hermogenes). But, speaking of the starry heaven, St. Bonaventure acknowledges it single (on [the Sentences] bk. 2, dist. 14, art. 1, q. 1)—and indeed by a unity of continuation, although he admits that several tracts can be designated in it, according to the plurality of motions; for he says: "According to the common opinion, whether of the Natural [Philosophers] or of the Mathematicians, the Luminaries are placed in diverse orbs; but this distinction or diversity of orbs, according to those who understand [it] better, does not come from a distinction of forms, as air and water are distinguished; nor does it come from a discontinuation of surface, as stone is distinguished from stone; but it comes from a diversity of motions; and a diversity of motions does not remove continuity in that which is subtle and apt for motion, as plainly appears in water, and likewise in air, etc." Wherefore the conclusion is this: "According to this position, then, it must be said that the Luminaries of the heaven are placed in several orbs, yet in one continuous body, which Scripture calls by the name of 'Firmament.'"


[Margin: Téllez. The Tychonics. The Copernicans.]



And indeed, whoever posit the starry heaven to be everywhere fluid have no reason to divide it into several heavens, but ought to confess it single—as Tycho teaches (in the Epistle, p. 149), and as Oviedo remarks (in the single controversy On the Heaven, point 4, conclusion 5), asserting: "If the heavens are liquid, only one heaven, of the wandering and non-wandering stars, is to be admitted." For which cause Téllez (disp. 44 of the Philosophy, sect. 3, num. 5) affirms a single star-bearing heaven. And such [holders] are Tycho, Longomontanus, Kepler, Bullialdus, and probably Copernicus, as we shall say at num. 14.


[Margin: A single heaven, even though solid. Giles [of Rome]. Hurtado.]



But even if the whole starry heaven were posited [to be] solid, Giles [Aegidius] and Hurtado nonetheless assert it to be single. For he [Giles] (part 2 of the Hexaemeron, ch. 32), because Scripture says the stars are placed not "in firmaments" but "in the firmament," says: "If, therefore, the Luminaries and stars are in the firmament of the Heaven, and the Planets are reckoned among the Luminaries of the heaven, it seems that all the Planets are in the firmament of the heaven—which could not be, unless the spheres of the planets made one sphere with the firmament, or with the starry heaven." And a little after: "Yet, positing Eccentrics and Epicycles, nothing prevents all the aforesaid spheres from being one and the same sphere." And finally he concludes that the deferents of the Planets are seven, and that, with respect to these, the place of the Fixed [stars] can be called the eighth sphere—but that all these are enclosed in a single heaven, nay, are a single sphere; and that it is done in vain through many [things] which can be done through one. But Hurtado (disp. 2 On the Heaven, sect. 1) so maintains a single heaven, notwithstanding [its] solidity, that in it he admits, with some of the more ancient [writers], vari—


[…continues on p. 272 (PDF 307): "…ous canals, through which the Planets are carried up and down, to the right and to the left; nor does he admit these [to be] void, because a vacuum is a place lacking a body but apt for having one, whereas those canals are not apt to be filled with a body." — then the rebuttal of the canals (Pererius, Oviedo, Arriaga), the single-sphere-with-interwoven-rings view (Cæsalpinus, Aversa, Tanner), and the start of the Second and Third Opinions.]





(printed p. 272 — The page completes the First Opinion (a single heaven) and proceeds through the Second Opinion (several heavens, absolutely) and the Third Opinion (only two heavens), before opening the Fourth Opinion, that there are three heavens.)

…[with some of the more ancient writers] various canals, through which the Planets are carried up and down, to the right and to the left; nor does he [Hurtado] admit these [to be] void, because (he says) a vacuum is a place lacking a body but apt for having a body, whereas those canals are not apt to be filled with a body. Against which canals there rise up, with several [arguments], Pererius (bk. 2 on Genesis, q. 9), Oviedo (above), and Arriaga (the single disputation On the Heaven, sect. 4, num. 49). And certainly, if there be considered the innumerable bendings and windings of the Planets—especially of Mars, Mercury, and Venus—it would be necessary that their whole heaven be hollowed out [excavated]; nor does it appear how light could be transmitted to us, from the whole hemisphere of the Planet's body, through those cavities (if it [light] is an accident needing a subject), and so we would see [only] a single point of them.


[Margin: Cæsalpinus. Aversa. Tanner.]



But in another way, Andreas Cæsalpinus (bk. 3 of the Peripatetic Questions, q. 4) and Raphael Aversa (q. 32 of the Physics, sect. 6 and 7) said the heaven is single—nor did Tanner think it improbable (vol. 1 of the Theology, disp. 6, q. 3, dist. 3, num. 78)—namely, that the starry heaven is a single sphere, in which, however, there are diverse circles joined together among themselves like rings, or Zones, within the Zodiac, conveying the Planets forward and backward, up and down, without fluidity or vacuity. Finally, all those who receive three heavens taken broadly—namely the Empyrean, the Starry, and the Aerial (about which we shall speak at num. 5)—would seem to favor the unity of the starry heaven; for by this very [fact] they would seem to make the Starry [heaven] single, and Téllez uses this argument too. But, as we shall see (partly at num. 5, partly at num. 7), many of them subdivide the Starry [heaven] into several heavens really distinct.


[Margin: 2. Opinion — for a plurality of heavens.]



[III.] The Second Opinion affirms absolutely that there are several heavens. Against these [are] certain Mathematicians—I know not whom—[whom] St. Basil [opposes] (homily 3 of the Hexaemeron): "Although those," he says, "who are wont to use demonstrations are of much graver weight [authority], and by the force of Geometrical proofs necessarily concluding confirm [their view]—that nature cannot bear that, besides this one heaven, it should constitute another—then truly we shall the more freely laugh at the linear trifles of those Mathematicians, contrived with however much artifice and ingenuity, etc." But perhaps they were using the Aristotelian arguments proposed at num. 1, to show that there are not several worlds. Surely the divine scripture indicates that there are several heavens, when (1 Chronicles [Paralipomenon], ch. 2) it says, "If heaven and the heavens of heavens do not contain thee"; and Psalm 113, "The heaven of heaven [is] the Lord's"; and Psalm 148, "Praise him, ye heavens of heavens"; and Ecclesiasticus 16, "Behold the heaven, and the heavens of heavens." Moreover, the sacred Genesis commemorates two heavens, according to the more common opinion of the Fathers (about which [we treated] in sect. 1, ch. 1 and 2)—namely, the Empyrean (or even the Starry) created on the 1st day, [and] the Firmament made on the 2nd day; and St. Paul (2 Corinthians 12) [names] three heavens.


[Margin: St. Athanasius.]



Indicating which arguments, St. Athanasius (in the Questions to Antiochus, q. 5) said: "What are the heavens? I answer: this question is in doubt among many. For the book of Genesis commemorates two heavens. But the divine Paul says that he himself saw even a third heaven; and the prophet David speaks of a fourth heaven: 'praise him, ye heavens of heavens.' But it must be known that, just as human nature is called one, and one man, yet there are likewise many men, so too the nature of the heavens [is] one, and 'one heaven' is said in the divine scripture, and [also] 'many heavens.'" And [that] this [opinion] does not in fact differ from those positing one heaven, but [only] in name, St. Thomas teaches (part 1, q. 68, art. 4): for [he teaches] that St. Chrysostom takes, by the name "heaven," the whole space which is up above the earth and water, but that others distinguish in it several heavens.


[Margin: The error of Basilides, of the 365 heavens.]



It is not permitted, however, to multiply heavens at will; and therefore the error of Basilides—who posited as many heavens as there are days in a year, namely 365—is numbered among the heresies by St. Irenaeus (bk. 2 Against Heresies, ch. 21 and 22), Tertullian (the book On Prescriptions against the Heretics), St. Epiphanius (in the Panarion, bk. 1, heresy 24 and 26), and St. Augustine (the book On Heresies, heresy 4)—though this heresy consisted not so much in the multitude of the number as in the [mode of] production; since indeed, as St. Irenaeus relates, he [Basilides] imagined the second heaven [procreated] from the first, and the third from the second, and likewise the others procreated by successive birth. Wherefore our Téllez wittily said (disp. 44 of his Philosophy, sect. 3, num. 4): "Although he admits so many heavens, into none [of them], as I rather think, will he have to be admitted." For he was a heresiarch, and therefore deserved to be banished not into heaven, but into the infernal Tartarus. This, then, being dismissed, let us see how many heavens others have reckoned.


[Margin: 3. Opinion — on two heavens. St. Clement. Acacius. Theodoret.]



[IV.] The Third Opinion enumerates only two heavens, but not in the same sense. For indeed St. Clement (bks. 1 and 2 of the Recognitions), Acacius (in Lippomanus, in the Catena), and Theodoret (on ch. 9 of the Epistle to the Hebrews, and q. 11 on Genesis) affirm one heaven [to be] the Empyrean, or [the heaven] created on the first day, but the other [to be] made on the second day. Let us hear Theodoret: "Since the divine scripture teaches that, in the beginning, God created heaven and earth, and then, after the creation of light, says that on the second day the firmament was made—a question of this kind (about the number of the heavens) seems to be full of inexperience [ignorance]. For it behooved [one] to know, from the reckoning of time and the very mode of creation, the diversity of the heavens—both [that] one [was made] before the light, the other after the light; and [that] the former, indeed, [was] founded not from another matter, but the latter from the waters, etc. Whoever, then, does not believe there to be a second heaven, transgresses the straight path; but whoever tries to enumerate several, cleaves to fables, the doctrine of the divine Spirit having been set aside."


[Margin: Claudianus Mamertus. Suidas.]



And in the same sense Claudianus Mamertus (bk. 2 On the State of the Soul, ch. 13) said there are two heavens. Likewise Suidas, in his historical work: "There are two heavens—one procreated with the earth, the other which was bidden to subsist in the midst of the waters, which they also called the firmament."


[Margin: Procopius. St. Bruno. Anastasius.]



And, speaking of the heaven made on the second day, Procopius (on ch. 1 of Genesis) says: "Some deny that the generation of a second heaven is here depicted; for they think that the present series of words is a brief repetition of the [first] heaven, of which [it spoke] above. These and such things they dare to prate, although the scripture of this second heaven brings [with it] another name and another use." And the same acceptation of these two heavens [is found] in St. Bruno (in the book On the Novelties [De Novis], ch. 2). But most elegantly, and joining the mystical with the literal sense, [is] Anastasius Sinaita (bk. 2 of the Commentary on the Hexaemeron): "On the first day was made the veil of the higher heaven, which approaches the Holy of Holies, whither Christ, our forerunner, entered for us. For this cause, moreover, on the second day is made the second, outer veil, which is called the firmament in the midst of the water—which indeed is the firmament of faith in Christ." Hence, after a few [words]: "We have learned, therefore, from sacred scripture, only the fabrication of two heavens, as a type and figure of the two veils of the Temple, which signify the two natures of Jesus, and of two peoples, and of two Churches, etc."


[Margin: Mastrius and Bellutus. St. Gregory of Nyssa. St. Justin.]



Lastly, Mastrius and Bellutus (disp. 2 On the Heaven, q. 1, art. 2, num. 30) so admit a Prime Mobile really distinct from the starry heaven, that they say the starry heaven [itself] is single and continuous, and maintain the various motions of the Planets not through whole heavens or spheres, but through circles—or rings and Zones—contained within the Zodiac. But in another way, St. Gregory of Nyssa (in his Hexaemeron, especially toward the end) teaches that on the second day a single heaven was made—namely, the fiery element [being] segregated from the others—and that this was divided into two regions: one for the non-wandering [fixed] stars, the other for the wandering [stars]. And finally, in another sense, St. Justin (q. 57 of the [Questions] of the Orthodox) says that there are truly two heavens, but that these are disjoined into various spaces, which the scripture calls "heavens"; but he speaks of the ethereal heaven, and of the aerial. For he says, inquiring: "If Moses had set forth to us the creation of a twofold heaven, how does the scripture teach that there are several—sometimes saying 'the heavens of heavens,' sometimes 'and the heavens were opened'?" Then he answers: "Moses indeed spoke of heavens; but as to number, he handed down neither one, nor two, nor several. Furthermore, the divine scripture is wont to name the higher interstices [interspaces] of the parts 'heavens'—as 'the birds of heaven,' and 'the eagle in heaven,' and 'the stars of heaven.' From these sayings, therefore, it follows that we should understand the heavens to be, in substance, indeed two, but, by [their] interstices, several. And if we take 'heavens' in this manner, there will be no contradiction in the words." And so [they posit] two heavens: Theodoret, Claudianus, Suidas, Procopius, Bruno, [and] Anastasius—the Empyrean and the starry; and Nyssen[us]—[the heaven] of the Fixed [stars] and [that] of the Planets; but St. Justin—the Ethereal and the Aerial; Mastrius and Bellutus—the Prime Mobile and the Starry heaven. But if you call in the aerial [heaven], St. Nyssen will acknowledge a third heaven, as we shall show in the following number.


[Margin: 4. Opinion — on three heavens.]



[V.] The Fourth—and most celebrated among the sacred writers—Opinion was, and still is, [the one] about three heavens, arisen from that saying of St. Paul (2 Corinthians, ch. 12): "I know a man in Christ—fourteen years ago, whether in the body or out of the body, I know not, God knows—caught up in this manner even to the third heaven"; which words St. Thomas most learnedly expounds (2-2, q. 175, art. 3 and 4, etc.). But although, as Oviedo notes (at the end of the controversy On the Heaven), some have believed that "three heavens" is put for "many" or "all"—in that manner in which, in Amos 1, it is sa—
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[Margin: Three heavens metaphorically = three visions.]



…[in that manner in which, in Amos 1, it is] said, "for three transgressions of Damascus," that is, "for very many"; and 2 Corinthians 11, "Thrice I besought the Lord," namely, several times. Yet the common opinion is that three heavens are enumerated, because in reality, in its whole amplitude, there are three, properly speaking. For metaphorically, as St. Augustine interprets (tome 3, bk. 12 [On Genesis to the Letter], ch. 29 & 34), there can be understood three kinds of supernatural visions—namely the Corporeal, the Imaginary, and the Intellectual; and so St. Paul, transcending the corporeal and imaginary vision, was elevated to the intellectual—and indeed to the intuitive [vision] of God; which some call the heaven of the Trinity. To which heaven—that is, to the Beatific vision, as owed to his natural excellence—Lucifer tried not to be elevated, but to elevate himself, when he said, "I will ascend into heaven," as Martinengo thinks (in the Great Gloss, p. 623), and before him St. Thomas (1 p., q. 68, art. 4). But to the letter, these three heavens are either the Aerial, the Sidereal, and the Empyrean; or the first, which was made on the first day, the second, on the second day, and the third, to which St. Paul was caught up. But let us recite the words of the Fathers.


[Margin: St. Basil.]



St. Basil (homily 3 of the Hexaemeron): "In the second place there offers itself to be inquired into, whether this firmament is diverse from that heaven which was made in the beginning—since this too has obtained the name of 'heaven'; and accordingly, whether two heavens are absolutely to be posited." And at length he answers: "We, on the contrary, are so far from doubting at all about two, that we [rather] inquire about a third, of the contemplation of which that admirable Paul was held worthy. Moreover, when the Psalm by name commemorates 'the heavens of heavens,' it has surely served us a clear understanding not of one heaven only, but of several."


[Margin: St. Ambrose. Cassiodorus.]



To whom, as is usual, St. Ambrose accords (bk. 2 of the Hexaemeron, ch. 3), where at last he thus establishes: "And so we cannot deny that there is not only a second, but even a third heaven, since the Apostle confirms, by the testimony of his writings, that he was caught up to the third heaven. David too sets 'the heavens of heavens' in that choir of those praising the Lord." With whom Cassiodorus also agrees (on Psalm 148).


[Margin: St. [John] Damascene.]



But of what kind these three heavens are, St. [John] Damascene taught more openly (bk. 2 of the Orthodox Faith, ch. 6): for when he had said, "Since, therefore, the scripture says 'heaven,' and 'the heaven of heaven,' and 'the heavens of heavens'; and affirms that blessed Paul was caught up even to the third heaven: we say that, in the procreation of the whole world, by the making of 'heaven' is understood by us that sphere which certain of the wise (who are not of our own) call the 'starless,' making those dogmas of theirs which are Moses's; then God also called the Firmament 'heaven.'" He subjoined: "There is, therefore, the heaven of heaven, the first heaven placed above the firmament: behold two heavens—for God called the firmament too 'heaven.' It is also the custom of the divine scripture to call the air 'heaven,' from the fact that it is seen above. For 'Bless [the Lord],' it says, 'all ye birds of heaven'—meaning the air; for the air is the path of flying things, and not 'heaven': behold three heavens, which the divine Apostle spoke of."


[Margin: St. Gregory of Nyssa.]



Yet with another notion St. Gregory of Nyssa distinguished these three heavens (in the History of the six days, in these words): "I think, therefore, that the extreme part of the sensible World was called the 'third heaven' by St. Paul, dividing indeed whatever appears into three parts, etc. One heaven the scripture names the terminus of the thicker air, as far as the winds and clouds also pertain, and the nature of high-flying birds is borne, etc.; then it names another both 'heaven' and 'firmament,' that which is beheld within, after the sphere of the non-wandering [fixed] stars, in which the wandering stars are conversant. And it names the very extremity also of the sensible World—which is the confine of that creature of His which is perceived by thought—'firmament' and 'heaven.'" Wherefore, for Nyssen the first heaven is the Aerial, the second the Planetary, the third the Firmament of the non-wandering [stars].


[Margin: St. Thomas. Cajetan.]



Otherwise St. Thomas (1 p., q. 68, art. 4): for he says these three heavens are the Empyrean, which is wholly luminous; the Aqueous or crystalline, which is totally diaphanous [transparent]; and the Sidereal, partly luminous, partly diaphanous. Again otherwise Cajetan (on Genesis, & on 2 Corinthians, ch. 12) took these three heavens, for in the third place, instead of the Empyrean, he substituted the aqueous heaven, saying: "In sacred scripture mention is made of three heavens. The lowest is the aerial heaven, according to that [text], 'the birds of heaven'; the middle is the Starred heaven, of which in the beginning of Genesis, 'and he placed them in the firmament of heaven'; the third and highest is [that] of all the waters which are above the heavens—of which scripture makes mention several times—which we call the aqueous heaven, but the Philosophers call the Prime Mobile: the Empyrean heaven indeed, handed down by the later [writers], is nowhere found in scripture." But how falsely they exclude the Empyrean, we have said enough (sect. 1, ch. 1, from num. 24).

But to the Damascene's acceptation most of the more recent [writers] have subscribed—chiefly Suárez (On the work of the six days, bks. 1 & 2), Oviedo (the single controversy On the Heaven, point 4, num. 12), Tanner (in the dissertation On the heavens, q. 10), Christopher Borrus (folio 260 of his New Astronomy), and Genebrardus [cited] in him; Hurtado (disp. 2 On the Heaven, sect. 1)—namely, that the heaven is divided into Empyrean, Sidereal, and Aerial. Not all, however, deny a subdivision of the sidereal [heaven] into several heavens; nay, Sts. Basil, Ambrose, and Damascene subdivide it into eight heavens, as we shall see below. And that the air too is marked with the name of "heaven," even among the Ethnic [pagan] and Profane writers, I have already taught (sect. 1, ch. 1, num. 14).


[Margin: 5. Opinion — on 4 heavens.]



[VI.] The Fifth Opinion, on four heavens, is hinted at by St. Athanasius (q. 5 to Antiochus, whose words I have already transcribed at num. 3); he seems, however, to understand the Empyrean, the Firmament of the non-wandering [stars], the heaven of the Planets, and the Ethereal heaven—but he does not sufficiently express his meaning.


[Margin: 6. Opinion — on five heavens. 7 heavens.]



[VII.] The Sixth Opinion is of 5 heavens—namely that of Oviedo (the single controversy On the Heaven, point 4, num. 10), where, not absolutely, but on the supposition that the heaven of the stars is solid, [he holds that] it must be divided into five heavens: namely [the heavens] of the Fixed [stars], of Saturn, of Jupiter, of the Sun, and of the Moon. For since Mars, Venus, and Mercury are sometimes above the Sun, sometimes below, he reckons them to be enclosed within one and the same heaven of the Sun, as [a heaven] common to these four planets. Absolutely, however, he inclines toward liquid heavens, and therefore at num. 12 he posits three heavens—the Empyrean, the Sidereal (single, without subdivision), and the Aerial; wherefore, if to five solid heavens he had added the Empyrean and the Aerial, he would surely have made 7 heavens aggregated from solid and liquid [ones]. But we below, in another way, shall assert 5 heavens—namely the Empyrean; the Aqueous or crystalline; the Firmament of the Fixed [stars], solid; the Ether or heaven of the Planets, liquid; and the Aerial.


[Margin: 7. Opinion — on 6 or 7 heavens. Philastrius. Bede.]



[VIII.] The Seventh Opinion is of 6 heavens, which, together with these opinions, Philastrius heaps up (in the book On Heresies), saying: "Concerning the diversity of the heavens, there is a heresy which is in doubt"; and a little after: "Whether, therefore, one will take six heavens according to David, and this Firmament as the seventh, he does not err. For Solomon speaks of three heavens thus: 'the heaven, and the heaven of heaven'; Paul equally, the Apostle, confesses himself caught up even to the third heaven: whether, therefore, one takes seven as David, or three, or two, he does not err, etc." Otherwise Bede (on Genesis, ch. 1), when he had adduced that verse, "The golden-colored ether of the sevenfold heaven is cleft," immediately adds: "Since these are the names—Air, Aether, Olympus, the fiery Space, the Firmament, the heaven of the Angels, the heaven of the Trinity."


[Margin: Rabanus.]



And the same order of heavens, reversed [in inverse order], Rabanus reckons, as St. Thomas too reckons (on [the Sentences] 2, dist. 14, q. 4, and 1 part of the Summa, q. 68, art. 4)—namely Empyrean, Crystalline, Sidereal, Fiery, Olympic, Ethereal, Aerial. And in the same place [Aquinas] says, according to Rabanus (on ch. 1 of Genesis), that the space which is from the earth to the Moon is divided into four regions, as it were four heavens: and that the supreme [region] of Fire is called the fiery heaven; the lowest of Fire, the Olympic heaven; the supreme of air, the Ethereal heaven; the lowest of air, the Aerial heaven.


[Margin: Eclogue 2.]



And perhaps to here someone may draw that [saying] about the Heptachord [seven-stringed lyre] of the World, indicated by Virgil in those verses: "I have a pipe compacted of seven unequal hemlock-stalks [reeds], etc."; and that: "It echoes the seven distinctions of tones by [its] numbers."


[Margin: 8. Opinion — on 8 heavens, but of the starry [heaven]. Babylonians. Egyptians. Eudoxus. Calippus. Plato. Aristotle. Cicero. Philo. St. Damascene. St. Bonaventure. The Carthusian. Aben Ezra.]



[IX.] The Eighth Opinion was of Eight starry heavens, in which were all those who reckoned that the Fixed [stars] are moved by no other motion than [that] of the Prime Mobile; wherefore, since for the 7 Planets they posited just as many heavens, the sphere of the Fixed [stars], or the "Aplanes" [ἀπλανής, aplanēs, "non-wandering"], remained with them the supreme and eighth sphere—which by many later Catholics was called the Firmament. Not all the Catholics, however, excluded the Empyrean heaven or the crystalline, or even the aerial; but, speaking of the subdivision of the sidereal, they distributed it into 8 total spheres. Of this opinion were the most ancient Babylonians and Egyptians, Eudoxus, Calippus, Plato, Aristotle, Cicero, Philo, St. Damascene, St. Bonaventure, Denis the Carthusian, [and] Aben Ezra—as I have already taught (sect. 2, ch. 3, num. 2), the verses of Plato, Cicero, Philo, and Damascene having been adduced; who—


[…continues on p. 274 (PDF 309): "…indeed (bk. 2 of the Faith, ch. 6), when Damascene had received three heavens—Empyrean, Sidereal, and Aerial—subjoins about the sidereal heaven of the Planets: 'But if you should wish to take the seven circles for seven heavens, you will in nothing offend against the reason of truth'…" — then the eight-heaven dossier (Basil, Ambrose, Remigius, Aquinas, Lyra, Tostado, Denis, Burgos, Riccius, Orontius, Arriaga, Amici, Aversa, Cremonini, Rubius, Hurtado), and Opinions 9–11 (nine, ten, eleven heavens).]
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[Margin: St. Basil.]



…who [Damascene] indeed (bk. 2 of the Faith, ch. 6), when he had received three heavens—Empyrean, Sidereal, and Aerial—subjoins, about the sidereal [heaven] of the Planets: "But if you should wish to take the seven circles for seven heavens, you will in nothing offend against the reason of truth." Likewise St. Basil, on the seven heavens of the Planets (homily 3 of the Hexaemeron), asserts the most common opinion: "Nor is this other [view] to be believed with any less faith than that by which we believe there to be seven orbs, in which the seven stars are proclaimed, by the consonant mouth of almost all, to accomplish their course: which heavens indeed they assert to be neatly inserted one within another, just as if [heated vessels], or little vessels, were inserted one within another." But he had admitted three heavens on account of the authority of St. Paul, and among them the Empyrean and the Firmament; as also St. Ambrose (bk. 2 of the Hexaemeron, ch. 2), and then he subjoins: "David too set 'the heavens of heavens' in that choir of those praising the Lord." Imitating whom, the Philosophers introduced a consonant motion of the seven stars—of the Sun, the Moon, etc.—which [stars], inserted into and as it were inlaid in [their orbs], they judge to be turned backward [retrograde], and to be borne by a motion contrary to the rest.


[Margin: St. Ambrose. Remigius.]



To whom must be added Remigius of Auxerre (on Psalm 148), explaining that [verse], "Praise him, ye heavens of heavens": "The heavens, that is, the firmament and the ether, namely the force of the [things] embraced; the heavens of heavens, that is, of the seven circles, where the 'aplanes' [fixed] and the Planets are fixed—let them be to you matter for praising the Lord."


[Margin: St. Thomas. Lyra. Tostado.]



By a like reasoning St. Thomas, an asserter of three heavens—the Empyrean, the Crystalline, and the Sidereal—speaks thus of the Sidereal (1 p., q. 68, art. 4): "The third, partly diaphanous and partly luminous from the stars, which they call the sidereal heaven; and it is divided into eight spheres, namely into the sphere of the fixed stars, and the seven spheres of the Planets, which can be called seven heavens, or seven spheres." Hither comes [Nicholas of] Lyra (in the Postils on Genesis), saying: "The firmament was made according to the specific form of the sidereal heaven. In which production are understood also to be produced the orbs of the seven Planets, which are comprehended under the name of 'firmament.'" Nor otherwise Tostado [Tostatus] (on ch. 1 of Genesis): "By the name of 'Firmament' is understood the whole magnitude, or celestial mass, containing eight orbs: namely the starred heaven, the heaven of Saturn, of Jupiter, of Mars, of the Sun, of Venus, of Mercury, and of the Moon."


[Margin: Denis the Carthusian. Burgos [Paul of]. Riccius. Orontius.]



Likewise Denis the Carthusian (in the Commentaries on Genesis, art. 10): "The firmament was made, that is, the starred heaven, which is the eighth sphere, because under it are seven spheres or orbs and heavens of the Planets." With whom agreed Burgensis [Paul of Burgos] (in the Additions on Genesis, ch. 1): "The Firmament, of which here it treats, is the sidereal heaven, which is divided into the eighth sphere, which is [that] of the fixed stars, and into the seven orbs of the Planets." But Augustine Riccius (in the treatise On the motion of the Eighth sphere, ch. 13 & 14) and Orontius [Finé] (bk. 1 of the Sphere, ch. 5) acknowledge indeed an apparent motion of the Fixed [stars] from the East, but teach that it is from the aggregate of 8 heavens.


[Margin: Arriaga. Amici. Aversa. Cremonini. Rubius. Hurtado.]



But our Roderick Arriaga (the single disputation On the Heaven, sect. 4, num. 52), on the hypothesis that the starry heavens are solid, teaches that they are eight: for he thinks that the eighth sphere can be so moved by Intelligences, that there appears to be in it a twofold motion, one toward the West, the other toward the East. Which Amici also thinks more probable (tract. 4 On the Heaven, q. 5, dub. 8), and Aversa (q. 32 of the Philosophy, sect. 4). Eight heavens equally affirm Cremonini (On the motion of the heaven, sect. 2, ch. 13), Rubius (bk. 2 On the Heaven, ch. 5, q. 1), and Hurtado (disp. 1 On the Heaven, sect. 1)—because they think it uncertain whether the Fixed [stars] have a proper and peculiar motion. Arriaga, however, above the sidereal [heaven] acknowledges a ninth heaven, namely the Empyrean.


[Margin: 9. Opinion — on 9 heavens. Macrobius. Alpetragius. Rabbi Isaac. Rabbi Moses. Zacut. Haly. Scotus. Sacrobosco.]



[X.] The Ninth Opinion, on nine heavens, does not number them in the same way. For Arriaga, as I just said, numbers the Empyrean and eight sidereal heavens. But others wished the Ninth heaven to be the Prime Mobile, moving with itself the eight lower spheres—of the Fixed [stars] and of the 7 Planets—to each of which singly they attributed its own proper motion toward the East, but a very slow [motion] to the Fixed [stars]: thus Macrobius (bk. 1 on the Dream of Scipio, ch. 17); thus Rabbi Isaac, Alpetragius (in the Celestial Physics), Abraham Zacut, Rabbi Moses [cited] in Riccius (in the treatise On the motion of the eighth sphere, ch. 4), Haly (ch. 11); the fourfold [partition] of Scotus (on [the Sentences] 2, dist. 14, q. 2, & Metaphysics 12, comm. 44), John of Sacrobosco (on ch. 1 of the Sphere); and that this was common in Scotus's time say Mastrius and Bellutus, the Scotists (disp. 2 On the Heaven, q. 1, art. 2, num. 30)—who indeed admit a Prime Mobile distinct from the sidereal heaven, although in place of [several] sidereal [heavens] they posit a single solid and continuous heaven, with various circles or Zones carrying the Planets—following Aversa and Cæsalpinus, as also Chiaramonti (bk. 2 On the Universe).


[Margin: Whether Hipparchus & Ptolemy [belong to this class]?]



The Authors of this opinion, Averroes thinks Hipparchus and Ptolemy to have been (2 On the Heaven, comm. 67), [as do] Albertus Magnus (2 On the Heaven, tract. 3, ch. 11), Clavius (on the Sphere, p. 43), the Conimbricenses (2 On the Heaven, ch. 5, q. 1)—attributing the same [opinion] to Menelaus, or Mileus, [of] Agria, to Alexander, and to Alfraganus; Scheiner (in the Mathematical Disquisitions, p. 50), Tanner (dissert. On the Heaven, q. 10), Mastrius and Bellutus (disp. 2 On the Heaven, q. 1, art. 2, num. 19). Because, namely, the first, Hipparchus and Ptolemy, having compared their observations about the Fixed [stars]—Hipparchus indeed with those of Timocharis and Aristyllus, Ptolemy with the observations of Hipparchus—detected and confirmed that the Fixed stars, besides the apparent motion over the poles of the Equator toward the West, are slowly advanced in consequence [eastward] over the poles of the Ecliptic. But if you read Ptolemy (bk. 1 of the Almagest, ch. 8, and bk. 7, ch. 2 and 3) and Alfraganus (diff. 5 & 18), where they treat of these motions, you will nowhere find that they posited two distinct spheres, but only distinct poles, around which those motions [occur]: and Tanner himself concedes that the argument for a distinction of heavens, drawn from the distinction of motions, is not necessary, but that [the heaven] can be so moved by one Intelligence or by several, by a single real motion, that nevertheless a twofold [motion] appears. Nay, Ptolemy and Alfraganus seem to describe the Equator and the Ecliptic in the same heaven.


[Margin: 10. Opinion — on 10 heavens. Alfonso. Amici. Fernel. Peurbach. Regiomontanus. Apianus. Maurolyco. Langius. Thebit. Arzachel. Isaac. [William of] Paris.]



[XI.] The Tenth Opinion asserted 10 heavens: namely seven for the seven planets; an Eighth for the motion of trepidation, or of the accession and recession of the Fixed [stars] toward Rising and Setting; a Ninth for the motion of the Fixed [stars] and of the Auges, or Apogees, of any Planet (except the Moon); and a Tenth for the motion of the Prime Mobile. Thus King Alfonso in his Tables, John Baptist Amici (On the celestial motions, last chapter), John Fernel (bk. 2 of the Cosmotheoria, ch. 1 & 7), Peurbach (in the Theorica of the eighth sphere, with his followers), Regiomontanus (there, & on the Almagest 7, prop. 7), Maurolyco (dialogue 1 of the Cosmography, p. 24, & dialogue 3, p. 89), Apianus (in the Caesarean work), Joseph Langius (in the Astronomical Elements, ch. 4). The same number, but otherwise, received Thebit, Arzachel, and Isaac the Israelite, but they attributed the motion of trepidation in longitude rather to the ninth sphere, and the continuous motion in longitude of itself to the Eighth. To this class could be reduced those authors who posited 11 heavens in such a way that they called the eleventh the Empyrean—namely the Conimbricenses, Martinengo, Clavius, and before these d'Ailly [Alliacensis], as we shall presently say; for in the number of 10 mobile spheres they agree with the Alfonsines. But William of Paris (1st part On the Universe, ch. 34 & 37) admits a first heaven, most quiet and immobile, that is, the Empyrean; and nine other mobile heavens—namely the prime mobile and the eight remaining spheres: the same holds John Anthony Delphinus (in the book On the celestial globes and motions, ch. 30 & 32).


[Margin: Delphinus. 11. Opinion — on 11 spheres. d'Ailly. Clavius. Conimbricenses. Martinengo. Polaccus.]



[XII.] The Eleventh Opinion is of Eleven heavens, but not in the same way. For some number, with the Alfonsines, ten mobile spheres according to what was said a little before (num. 11), but above this they acknowledge an eleventh, immobile: namely the Empyrean, or supreme immobile heaven, influencing into the diverse regions of the Earth diverse and stable properties; thus Pierre d'Ailly (q. 2 on the Sphere), Clavius (on the Sphere, p. 45), the Conimbricenses (2 On the Heaven, ch. 5, q. 1), Ascanio Martinengo (in the Great Gloss, p. 1021), Georgius Polaccus (in the Anti-Copernicus, assertion 172).


[Margin: Polaccus.]



But among these, d'Ailly reports the opinion of 10 mobile heavens, and does not repudiate it, and adds that, besides those, an eleventh immobile heaven is required, on account of the diverse influences—which Clavius too thinks probable; again, Clavius thinks this same heaven to be that Empyrean of which Strabo and Bede [speak]; but the aqueous or crystalline heaven he thinks to be an aggregate from the ninth and tenth heaven of the Alfonsines. But others posited eleven heavens, yet mobile—namely the eleventh, or Prime Mobile; and the tenth for the first trepidation or libration in latitude, by force of which, by alternating turns, the obliquity of the Ecliptic is varied; the Ninth for the second libration or trepidation in longitude, by force of which the Equinoctial points advance and recede, and so the motion of the Fixed [stars] in longitude seems to be hastened and retarded; the Eighth for the proper and equal motion of the Fixed [stars] in consequence [eastward]; and the remaining seven for the motion of the seven Planets in longitude, etc. Thus John Werner (in Erasmus Oswald['s] Theorica of the Eighth sphere)—


[…continues on p. 275 (PDF 310): "…Leopold of Austria (in his Compilation); Magini; and Clavius (in the last edition of the Sphere)—whence Scheiner calls this the 'Clavian System'; so that Clavius, having admitted the Empyrean, admitted in all 12 heavens." — then ¶XIII (Riccioli corrects the ascription of "eleven heavens" to Copernicus, who in fact rejected the multiplication of spheres).]
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[Margin: 12 heavens. Tanner's lapse.]



…Leopold of Austria (in his Compilation); John Anthony Magini (in the Theorics, bk. 1, and in the Secondary Mobiles), and—on account of the aforesaid motions asserted by Copernicus, but transferred to the hypothesis of a quiescent earth—Clavius (in the last edition of the Sphere), whence Scheiner calls this the "Clavian System" (in the Mathematical Disquisitions, p. 36). This same number, not from their own but from others' opinion, expound Antony Deusing and Pierre Gassendi (in their Astronomical Institutions). Wherefore, since Clavius admitted the Empyrean heaven, he admitted in all 12 heavens.

[XIII.] But since the assertion of eleven heavens is attributed to Copernicus by Tanner (dissert. On the heavens, q. 10, & tome 1 of the theological Summa, disp. 6, q. 4, dist. 4, num. 6), it must be known that Copernicus acknowledged this number not from his own, but from others' opinion: for he says (bk. 3 of the Revolutions, ch. 1): "For the cause of which [motions] some devised a ninth sphere, others a tenth, by which they judged those [appearances] to come about thus; nor yet could they perform what they promised. Now too an eleventh sphere had begun to come to light—which number of circles, as superfluous, we shall easily refute in [treating] the motion of the earth." And so Copernicus attributes all the apparent motions in the Fixed [stars], and the very motion of the prime mobile, and the variation of the obliquity of the Ecliptic, to motions of the earth, as I shall teach more fully in Section 4.


[Margin: 2 heavens in Copernicus's hypothesis, or a single one.]



Nor in his hypothesis are the heavens distinct, except into two classes—namely into the immobile sphere of the Fixed [stars], and into the liquid heaven of the Planets, among which Planets is the Earth with the sphere of the elements. For although he did not express that liquidity, yet from those [things] which he teaches (bk. 1, from ch. 8 to 11) it is gathered, by no light conjectures: for in chapter 8 he teaches that not the whole air is carried around together with the earth by the annual motion, but only that [air] which is near to us; just as, therefore, the earth, which is one of the Planets, is rolled with the near air through the rest of the air—liquid, but unmoved—so it is fitting that the same befall the other Planets, namely that they be moved in the liquid ethereal aura. Again, in the same place he says that immobility befits the World, as the place of the stars and Planets, and that it is absurd to ascribe motion to the container, or [the thing] placing, and not rather to the contained and placed, which is the earth; but if this reasoning holds, it holds also of any heaven with respect to its Planet, whose place it is; nor by the name "World" can the sphere of the Fixed [stars] alone be understood. Lastly, in ch. 10 he names indeed the sphere of the Fixed [stars], but never the spheres of the Planets, while he inquires into the order of the celestial orbs; but he names the Planets themselves, and their revolutions—indicating sufficiently that these revolve not at the motion of orbs, but per se. But he indicates this most of all [by the fact] that the earth with the Moon is carried through the annual orb, and yet the Moon does not cut it [the orb]: by which argument Bullialdus (bk. 1, ch. 8) gathers that the Moon and the Planets are moved freely through the fluid ether. Accordingly, we acknowledge two heavens in reality in Copernicus's system—one of the Fixed [stars], the other of the Planets—distinguishable, however, by reason and designation into seven heavens: although Longomontanus (bk. 1 of the Theorics, ch. 1) thinks that Copernicus, the Ptolemaic Epicycles being removed, nonetheless retained the Eccentricity of the orbs, their reality being safe; and Tycho (tome 5 of the Progymnasmata, p. 439) thought the same of Copernicus, but timidly.


[Margin: A corollary of Pererius.]



From what has been said it is sufficiently clear how prudently Pererius said (bk. 2 on Genesis, q. 4) that none of the aforesaid opinions, the error of Basilides excepted, is repugnant to Scripture or to the Fathers.

CONCLUSION

[XIV.] Heavens taken broadly are Five—namely the Empyrean, the Aqueous or Crystalline, the Firmament of the Fixed [stars], the Ether of the Planets, and the Air. But strictly, only Two, if the discourse be of heavens really distinct—namely the Firmament and the Ether, that is, the heaven of the Fixed and the heaven of the Planets. For that there is, above all the heavens, the Empyrean, we showed sufficiently (sect. 1, q. 6, from num. 24). That there is, besides, an Aqueous or crystalline heaven—whether it be fluid or solid—above the whole Firmament, I taught (sect. 1, ch. 2, q. 1 & 3, & ch. 3, concl. 4). Moreover, that the Firmament of the Fixed [stars] is solid, and the Ether of the Planets fluid, I taught likewise (sect. 1, ch. 3, concl. 4, & ch. 7, n. 21). And so the heaven of the Fixed is indeed to be distinguished from the Planetary; but of the Planetary—as being continuous—there is no cause to distinguish [it] really, no more than to distinguish the Air or Water into several individuals, from the fact that diverse birds or fishes move in them. Finally, that the Aerial heaven, or Air, is called "heaven" broadly indeed but properly, both by the sacred and by the profane writers, is clear from what was said (sect. 1, ch. 1, num. 9, & sect. 3, this chapter, n. 5). But if you take "heaven" strictly for the simple visible body in which the stars are conversant, it follows that there are only two—namely the solid heaven of the Fixed, and the aerial [heaven] of the Planets; which heavens too are distinguished from each other in species, since the Firmament is from water, and the Ether of the Planets from fire, as I taught (sect. 1, ch. 3, concl. 4).


[Margin: The specific difference of the heavens.]



If, however, anyone wishes to distribute the fluid heaven into one region for the new phenomena—into the heaven of Saturn, the heaven of Jupiter, the heaven of the Sun with its satellites Mars, Venus, Mercury, and into the heaven of the Moon—I do not refuse; nay, I admitted it (bk. 7, sect. 6, ch. 4, scholium 5). But about the specific difference of the heavens, others [hold] otherwise, as may be seen in Suárez (disp. 13 of the Metaphysics, sect. 11), Amici (tract. 4 On the Heaven, q. 7, dub. 1), the Conimbricenses (2 On the Heaven, ch. 5, q. 3, & ch. 7, q. 1), Pontius [Punch] (disp. 22, q. 7), Mastrius and Bellutus (disp. 2 On the Heaven, q. 2, art. 4), Arriaga (the single disp. On the Heaven, sect. 1), Tanner (tome 1 of the theology, disp. 6, q. 4, dub. 4).

[XV.] Now, since this disputation about the number of the heavens, and their distribution, is greatly diminished or confused among other Writers, it has seemed [good] to compose a brief synopsis of the preceding opinions, and to gather it into the following catalogue—with a brief little explanation added for the subdivision of the opinions into their classes; but their Authors I have already reviewed in their places, from num. 1.

SYNOPSIS — The Number of the heavens according to diverse Authors




	Class
	Number of heavens (with authors)
	Treated at ¶





	I
	One heaven, that is, one World. Aristotle.
	1



	I
	One heaven, the Starry, as being fluid. St. Chrysostom, Tertullian, St. Bonaventure, Tycho, Longomontanus, Kepler, Bullialdus, Téllez.
	2



	I
	One Starry heaven, though solid. Giles [of Rome], Hurtado, Cæsalpinus, Aversa.
	2



	II
	Two heavens; that is, the Empyrean (or [heaven] created on day 1), and the Firmament (made on day 2). St. Clement, Acacius, Theodoret, Anastasius Sinaita, Procopius, Suidas, St. Bruno, Claudianus Mamertus.
	4



	II
	Two heavens; the Sidereal and the Aerial. St. Justin.
	4



	II
	Two heavens; of the Fixed, and of the Planets. St. Gregory of Nyssa.
	4



	II
	Two heavens; the Prime Mobile and the Sidereal. Mastrius and Bellutus.
	4



	III
	Three heavens; namely Empyrean, Sidereal, Aerial. Sts. Basil, Ambrose, Damascene; likewise Cassiodorus, Genebrardus, Suárez, Tanner, Hurtado, Oviedo, Téllez, Borrus.
	5



	III
	Three heavens; of the Fixed, of the Planets, [and] Aerial. St. Gregory of Nyssa.
	5



	III
	Three heavens; Empyrean, Aqueous, Sidereal. St. Thomas Aquinas.
	5



	III
	Three heavens; Aqueous, Sidereal, Aerial. Cajetan.
	5



	III
	Three heavens; but mystically, three supernatural visions—Corporeal, Imaginary, Intellectual. St. Augustine.
	5



	IV
	Four heavens; Empyrean, of the Fixed, of the Planets, Aerial—hinted by St. Athanasius.
	6



	V
	Five starry heavens; of the Fixed, of Saturn, of Jupiter, of the Sun (with the inclusion of Mars, Venus, Mercury), and of the Moon, if they be Solid. Oviedo.
	7






[…the Synopsis continues on p. 276 (PDF 311): the Five-heavens-broadly entry (Riccioli's own), then Seven, Eight, Nine, Ten, Eleven, Twelve, and Fourteen heavens — after which Chapter II opens: "What and How Manifold the System of the World is."]
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SYNOPSIS — The Number of the heavens according to diverse Authors (continued)




	Class
	Number of heavens (with authors)
	Treated at ¶





	V
	Five heavens broadly; Empyrean, Aqueous, of the Fixed, of the Planets, Aerial. We [Riccioli].
	7



	VII
	Seven heavens, confusedly. Philastrius.
	8



	VII
	Seven heavens; that is, Air, Aether, Olympus, Fire, Firmament, Heaven of the Angels, and Heaven of the Trinity (Bede); or: the lowest [region] of Air & the supreme region, the lowest of Fire & the supreme of Fire, Sidereal, Crystalline, Empyrean (Rabanus).
	8



	VIII
	Eight starry heavens; namely the Aplanes (or sphere of the Fixed) and the 7 spheres of the Planets. Babylonians, Egyptians, Eudoxus, Plato, Calippus, Aristotle, Cicero, Philo, Sts. Basil, Ambrose, Damascene, Bonaventure, Remigius, Thomas; likewise Aben Ezra, the Carthusian, Lyra, Tostado, Burgos, Riccius, Orontius, Cremonini, Philalthæus, Amici, Rubius. Of whom, however, Augustine Riccius, Orontius, [and] Amici attribute a proper motion to the Eighth sphere.
	9



	IX
	Nine heavens; namely the Empyrean and the Eight starry heavens, if the starry [heavens] be solid. Arriaga.
	10



	IX
	Nine heavens; that is, the Prime Mobile and the Eight starry heavens. Macrobius, Haly, Alpetragius, Rabbi Joshua, Rabbi Moses, Scotus, Abraham Zacut, Sacrobosco, Chiaramonti; attributed to Hipparchus and Ptolemy by many, but not safely enough.
	10



	X
	Ten heavens; namely the Prime Mobile, a Sphere for the motion of the Fixed and of the Auges, the Eighth sphere for Trepidation in longitude, and seven Planetary [spheres]. Alfonsines, Fernel, Peurbach, Regiomontanus, J. B. Amici, Apianus, Maurolyco, Langius.
	11



	X
	Ten heavens; that is, the Prime Mobile, a Sphere of Trepidation in longitude, the Sphere of the Fixed, and seven Planetary [spheres]. Arzachel, Thebit, Isaac the Israelite.
	11



	X
	Ten heavens; namely the Empyrean, the Prime Mobile, and eight Starry [heavens]. William of Paris, & John Anthony Delphinus.
	11



	XI
	Eleven heavens; namely the Empyrean and the ten mobile spheres of the Alfonsines. Pierre d'Ailly, the Conimbricenses, Martinengo, & formerly Clavius.
	12



	XI
	Eleven heavens; namely the Prime Mobile, a Sphere of the first Libration in latitude, a Sphere of the second Libration in longitude, the Sphere of the Fixed, and seven Spheres of the Planets. John Werner, Leopold of Austria, John Anthony Magini, & later Clavius—to whom, however, admitting the Empyrean, the heavens come out to 12.
	12



	XII
	Twelve heavens. Clavius: to whom, admitting the Empyrean, the heavens come out to 12.
	12



	XIV
	Fourteen heavens. John Baptist Turriano [Della Torre] & Fracastoro—about whom, see what we shall say below in the Fracastorian System.
	—








Chapter II, What and How Manifold the System of the World is; and on the most ancient Systems, and especially that of Pythagoras, Archimedes, and Pliny, which is wont to be called the Ptolemaic, and flourished down to Clavius


[Margin: What a System is.]



[I.] The System of the World is nothing other than the Coordination, or composition, of the great parts of the World—namely the Elements and the Heavens: of which the matter, as it were, is the number of the elements and heavens (both total and partial); but the form is the order and situation of them among themselves, and relatively to the center of the Universe.


[Margin: How manifold the system is.]



Regarded, therefore, by [its] form, the System of the World is divided into two highest kinds—namely, into that which is constructed around the earth immobile at the center of the Universe; and into that which is constructed around the Sun, immobile at the center of the Universe, or immune from the motion τῆς φορᾶς κατὰ τόπον [tēs phorâs katà tópon, "of locomotion according to place"]—namely of translation [local displacement]—but moving the Earth through the annual orb. Again, each [kind], but especially the first, is subdivided into the Homocentric, the Eccentric, and the [system] mixed from some Concentric orbs and some Eccentric. Now, since enough has been done about the Number of the heavens (as the remote matter of the Cosmic system) in the preceding chapter, it follows that we should treat of the order of the heavens and Planets, and of the number of the partial orbs. And we take our beginning from the most ancient [systems].


[Margin: The alternating rise and fall of the systems.]



[II.] It is most worthy of observation that two sects of the Physicists and Mathematicians, alternately—like Castor and Pollux—perished, and again, revived, prevailed in the Schools. For first Pythagoras, with some [members] of his [school], rightly placing the Earth in the center of the World, used Eccentrics and Epicycles, and placed the Sun in the middle of the Planets. But others of the Pythagoreans, retaining Epicycles and Eccentrics, nevertheless placed the Sun in the center of the world, and the Earth in the middle of the seven Planets. Then Plato again restored the earth to the center of the Universe, and so placed the Sun in the middle of the Planets, that nevertheless he reckoned Venus and Mercury to be borne, for the most part, above it [the Sun]; whom Eudoxus, Calippus, and Aristotle followed, [and] strove to explain the whole motion of the Planets through concentric circles—and so judged that neither Venus nor Mercury goes through Epicycles above and below the Sun, but [are] either always above the Sun, or always below. When these were dead, Others again embraced Eccentrics and Epicycles, and the Earth in the middle of the world—such as Archimedes, Hipparchus, Sosigenes, Cicero, Vitruvius, Pliny, Macrobius, Capella—yet with a varying order of the Planets. Others, moving the Earth from [its] place—such as Aristarchus, and Philolaus the Pythagorean—what they thought about Eccentrics and Epicycles, either they did not set forth, or it has not been handed down to posterity. But again Ptolemy, reawakening the most ancient opinion of the Pythagoreans, so established Eccentrics and Epicycles, that he retained the earth in the middle of the World, [and] the Sun in the middle of the Planets; and, persuading the greatest part of the Astronomers of this opinion, extended it down to the fourteenth century. That order of the Planets, however, Alpetragius and Geber judged should be changed. But the homocentrics too were taken up again by Alpetragius, Amici, and Delphinus, with a few others; on the contrary, Turriano and Fracastoro, the Ptolemaic order being retained, nonetheless recalled into the light homocentrics—and indeed more [of them] than the Aristotelians, not to say the Eudoxians. But about the same time Copernicus not only summoned forth from the tomb the figment of Philolaus and Aristarchus, about the annual motion of the earth around the immobile Sun, but adorned it with arguments so probable that he has persuaded very many of it down to this very day; and he carried Venus and Mercury around now below, now above the Sun, with Plato, Vitruvius, Macrobius, Capella, and Bede. Hence Tycho—and with him Longomontanus—having got a most beautiful handle, not only—


[…continues on p. 277 (PDF 312): "…not only [retained the Earth at the center, but]…" — Riccioli proceeds to the Tychonic system and the modern revival of the geo-heliocentric arrangement.]





(printed p. 277 — The historical survey concludes with the modern systems — Tycho, Argoli, Riccioli's own, and Baliani — and the absurd ancient ones. The chapter then treats the Pythagorean system with its harmonic intervals, Archimedes, and Pliny's system, and opens the account of Ptolemy.)

…[Hence Tycho, and with him Longomontanus, having got a most beautiful handle,] not only ordered Venus and Mercury, but Mars too, Jupiter, and Saturn, to go around the Sun; but the Sun and Moon, with the Fixed [stars], around the Earth—[the Earth] resting in the middle of the world, free from all motion of translation; and, the Eccentrics being retained, he removed the Ptolemaic Epicycles. Finally Argoli, the Tychonic system being dislocated, tried to move the three superior [planets] around the earth, but Mercury and Venus around the Sun, the earth being left in the middle of the world. But we [hold that] around the earth [are moved] Saturn, Jupiter, the Sun, the Moon, and the Fixed [stars]; but we judge that Venus, Mercury, and Mars can be ordered around the Sun. Finally, Don Giovanni Battista Baliani suspected that the Moon could be placed in the center of the World. It is, therefore, worth the effort to discuss singly so many and so diverse attempts and studies, and to weigh the reasons adduced on either side.


[Margin: Ancient systems, but absurd.]



But I have passed over, as of no consideration, those three opinions about which Plutarch (bk. 2 of the Placita, ch. 15) [speaks] in this manner: "Xenocrates thinks the stars are moved in one and the same surface. The rest of the Stoics [place them] with varying lowness and loftiness among themselves. Democritus [places] the fixed [stars] in the supreme [place], hence the wandering [stars], and below these the Sun, Lucifer [Venus], the Moon, etc. Metrodorus of Chios and Crates [held] the Sun set as the supreme of all, after which the Moon, [and] below these the wandering and non-wandering [stars]." So that nothing is so absurd that it does not fortify itself with some patron.


[Margin: Pythagoras's system.]



[III.] The most ancient, therefore, but of the tolerable systems, was the Pythagorean; in which Pythagoras so disposed the intervals by harmonic ratios, that, beginning from the earth, he ascended thence to the Moon, hence to Mercury, hence to Venus; hence further to the Sun; but from the Sun to Mars, hence to Jupiter, hence to Saturn, and at last from Saturn to the Fixed [stars]—as Pliny plainly relates (bk. 2, ch. 22). For he says: "Pythagoras sometimes, from a musical reckoning, calls 'a tone' [the distance] by which the Moon is distant from the earth. From it to Mercury half of that space, and from it to Venus almost as much; from her to the Sun, one and a half times [the amount]. From the Sun to Mars a tone—that is, as much as [from] the earth to the Moon; from it to Jupiter half, and from it to Saturn half, and thence one and a half times to the Zodiac [Signiferum]." With whom Censorinus entirely agrees (in the book On the Natal Day, ch. 11, toward the end), in these words: "Therefore from the earth to the Moon Pythagoras thought there are about 126,000 stadia, and that this is the interval of a tone; from the Moon to the star of Mercury, which is called Stilbon (στίλβων, 'the gleaming'), half of it, as it were a semitone (ἡμιτόνιον); hence to Phosphoros (φωσφόρος, 'the light-bringer'), which is the star of Venus, almost as much—that is, another semitone; thence further to the Sun three times as much, as it were a tone and a half; and so the Sun's star is distant from the earth three tones and a half, which is called a diapente [a fifth]; but from the Moon two and a half, which is called a diatessaron [a fourth]. But from the Sun to the star of Mars, whose name is Pyroeis (πυρόεις, 'the fiery'), there is just as much interval as from the earth to the Moon, and that makes a tone (τόνος); hence to the star of Jupiter, which is called Phaethon (φαέθων), half of it, which makes a semitone; thence to the highest heaven, where the Signs are, likewise a semitone." Thus far concerning the order and symmetry of the heavens according to Pythagoras.


[Margin: The Pythagoreans [were] the authors of Eccentrics & Epicycles. Pythagoras's system [was] not received by all the Pythagoreans.]



That the Pythagoreans first devised Eccentrics and Epicycles, Nicomachus is the authority (in Simplicius, comment. 2 On the Heaven, where he diligently explains the hypotheses of the ancients); and from him, G. B. Amici (ch. 6, On the motions of the celestial bodies), and J. A. Delphinus (On the celestial globes and motions, ch. 4), where he attributes this very [thing] to Pythagoras. From what has been said it is clear that it is not rightly called by Paolo Antonio Foscarini "the system of Pythagoras," or absolutely "Pythagorean," that [system] in which the Sun is in the center of the world, and the earth—above Mercury and Venus—is rolled around the Sun, although some disciples of Pythagoras thought thus.


[Margin: Archimedes's system. And Cicero's.]



[IV.] To the Pythagorean system, as to [its] order, Archimedes subscribed—if the things are true which Macrobius (bk. 2 on the Dream of Scipio, ch. 3) thus relates about him: "And Archimedes indeed believed that he had detected the number of stadia by which the Moon was distant from the surface of the earth, Mercury from the Moon, Venus from Mercury, the Sun from Venus, Mars from the Sun, Jupiter from Mars, Saturn from Jupiter. But also, from the orb of Saturn all the way to the starry heaven itself, he thought he had measured out the whole space by reason. Which dimension of Archimedes, however, is repudiated by the Platonists." Nor Archimedes only, but also Cicero (On the Dream of Scipio)—whose words we shall report in a more opportune place, the following chapter, number 4—so that we may dissociate him from Plato.


[Margin: Pliny's system.]



[V.] Pliny himself too (bk. 2, chapters 5, 6, 8, 15, 16, 17, taken together) expressed the same order, and acknowledged the Apsides of the Eccentrics and Epicycles, or the perigees and apogees of the Planets—surely from Sosigenes, from whom he was wont to draw much. Therefore in ch. 5 he says: "That the Earth is the lowest and the middle [point] in the whole, and that the same, on the hinge of the universe, stands suspended, balancing the [things] by which it hangs: thus alone immobile, with the universe revolving about it." Soon, in ch. 6: "Between this [earth] and the heaven hang, by the same breath, separated by fixed intervals, seven stars, which from their gait we call 'wandering,' though none wander less than they; in the middle of them is carried the Sun." But with greater distinction, in ch. 8: "Now, the body of the world itself being left aside, let the rest between heaven and the lands be treated. It is certain that the highest is what they call the star of Saturn, and therefore [it] appears the smallest, and goes round in the largest circle, and in the thirtieth year returns to the shortest beginnings of its seat, etc. But the star of Saturn is of a gelid and stiffening nature; and much lower than it [is] the circle of Jupiter, and therefore [it] is carried round by a swifter motion in twelve years. The third, of Mars—which some call Hercules's—fiery, burning from the nearness of the Sun, is turned round in almost two years; and therefore, by the excessive ardor of this [Mars] and the rigor of Saturn, Jupiter, set between the two, is tempered from each, and made salutary. Then the course of the Sun is of 360 parts [degrees]; but so that the observation of its shadows may return to the marks, five days are added over the years, and over and above a fourth part of a day. For which cause, in the fifth year one intercalary day is added, that the reckoning of the seasons may agree with the Sun's journey. Below the Sun goes round a huge star called Venus's, wandering with an alternating course, and a rival of the Sun and Moon by its very surnames. For, going before and rising before the morning, it takes the name of Lucifer [light-bringer], as a second Sun hastening the day; on the contrary, shining from the West [at setting], it is called Vesper [evening-star], as prolonging the light and rendering the office of the Moon. Which nature of it Pythagoras of Samos first detected, about the 42nd Olympiad, etc. But it accomplishes the circuit of the Zodiac in 348 days, never standing off from the Sun farther than 46 parts [degrees], as Timaeus holds. By a like reasoning, but by no means in magnitude, nearest to it [is] the star of Mercury, called by some Apollo's, [which] is carried in a lower circle, in a swifter circuit by nine days, shining now before the rising of the Sun, now after [its] setting, never more remote from it than 23 parts [degrees], as this same [Pliny] and Sosigenes teach, etc."

He proceeds hence (ch. 9) to speak of the Moon, and from ch. 15 to 17 he treats of the stations, retrogressions, elevations, depressions, velocity and slowness of the Planets, and refers the causes to [their position] in the circles, according as they approach their apsides or recede from them. But let those words (ch. 15) be noted: "For many causes all these things happen. The first [is] of the circles, which the Greeks call apsides in the stars—for one must use the Greek words. These [apsides] are proper to each of them, and another to the world"; and a little after: "Therefore from another center, for each, their apsides arise, and therefore they have diverse orbs, and dissimilar motions, etc." Do you see how Pliny designated Eccentric orbs?


[Margin: Ptolemy's system.]



[VI.] As Pliny grew old, Ptolemy began to flourish, who took over willingly the system of Pythagoras—which he knew had pleased Archimedes, Hipparchus, and Sosigenes—and fortified it with several reasons: both as to the Eccentrics and Epicycles (which he used in bks. 3, 4, 5, and 9 to 13 of the Almagest), and as to the order of the Planets, and the state of the immobile earth in the center of the universe—whose arguments about the situation and immobility of the earth (from bk. 1 of the Almagest, ch. 5 & 7), although they were not neglected by us (bk. 2, ch. 2 & 3), nevertheless below, in section 4, must be more diligently treated and weighed with the solutions of the Copernicans. As regards the order of the Planets: behold his own words (from bk. 9 of the Great Construction, ch. 1): "The sphere of Saturn, which is the greater, and of Jupiter, which is second and nearer to the earth, and of Mars beneath it, are more remote from the earth than the rest. The Solar [sphere] too is said by almost all the first Mathematicians [to be] in nearly the same way. But the spheres of Venus and of Mercury are by the Ancients placed below the Solar [sphere]; by some of the younger [moderns], however, these too are set above it, because the Sun has never been seen to suffer an Eclipse from these Planets. But this reasoning seems weak to us. For some Planets can be below the Sun, and yet not be opposed [interposed] to it, because they are not in the same plane passing through them and our sight—just as also, in the conjunctions of the Moon, for the most part no eclipse of the Sun occurs. But since the understanding of this matter cannot be had otherwise—because none of these stars makes a sensible parallax, from which alone the distances are taken—


[…continues on p. 278 (PDF 313): "…the order of the ancients seems to me to proceed more naturally, when, the Sun being placed in the middle, it separates those Planets which can depart from the Sun by however great a distance, from those which cannot…" — Ptolemy's defense against Geber and Copernicus, then ¶VII (Ptolemy's followers, esp. Regiomontanus) and ¶VIII (Clavius's four arguments for the order).]





(printed p. 278 — The account of Ptolemy concludes, vindicating him against Geber and Copernicus on the Venus and Mercury parallax. The page then surveys Ptolemy's followers, especially Regiomontanus, and opens the treatment of Clavius's system and his arguments for the planetary order.)


[Margin: Ptolemy's reasoning vindicated from the objections of Geber and Copernicus.]



…[the distances] are taken; the order of the ancients seems to me, in [its] verisimilitude, to proceed more naturally, when, the Sun being placed in the middle, it separates those Planets which can depart from the Sun by however great a distance, from those which cannot so depart, but are always led around near it [the Sun]: although [the hypothesis] does not move them so [far] from the Sun toward the earth, that a parallax—about which one should be concerned—could occur. By which words, indeed, he sufficiently forestalls the objections to be hurled against him afterward by Geber and Copernicus. For he does not deny all parallax to Venus and Mercury, since by this very [fact]—that he places them below the Sun—he is forced to concede [them] a somewhat greater [parallax] than [to] the Sun, and to Venus at perigee about 3′, and to Mercury 7′, as Geber gathers (bk. 7, ch. 1 of his Astronomy). But he denies that this [parallax] is to be cared about in this business, or that it is so evident from observations, that from it, foreknown beforehand, their distances can be established. Moreover, he does not absolutely deny that some little part of the Sun can be eclipsed by Venus or Mercury—for that this follows from the Ptolemaic hypothesis, Geber shows in the same place; but he says that, if this has not been observed, it has happened because the observations of the conjunctions of the Sun with Venus (♀) or Mercury (☿) were made at that time when either, on account of [its] latitude from the Ecliptic, appeared on this side of, or beyond, the Sun's disc.

Finally Geber too, above, and Copernicus (bk. 1, ch. 10), thus argue: "That argument too of Ptolemy" (the words are Copernicus's) "—that the Sun ought to be carried in the middle, between those departing in every direction from it and those not departing—how unpersuasive it is, appears from this: that the Moon, itself also departing in every direction, betrays its falsity." But Ptolemy thought this [argument] probable not absolutely, but on the hypothesis that the knowledge of this matter cannot be had otherwise; whereas the place of the Moon below the Sun is manifest from elsewhere—both from Eclipses, and from the Lunar parallaxes, most evidently exceeding the Solar [ones].


[Margin: Regiomontanus's system.]



[VII.] To Ptolemy, as to the order of the Planets, subscribed thereafter all the Arabs (except Geber and Alpetragius); and all the Greeks (except Theon); all the Latins, finally, down to Clavius, before the use of the Telescope had grown strong (except Martianus Capella, Macrobius, Apuleius, Sammerius, Bede, Copernicus, and the Copernicans); but especially John Regiomontanus (in the Epitome of the Almagest, bk. 9, prop. 1). Who retained Venus and Mercury below the Sun the more willingly, the more probable he thought it that the space which is between the Sun at perigee and the Moon at perigee—namely [1006] terrestrial semidiameters, as he himself computes—ought not to be empty of every star. He adds—both he himself, and Clavius (on the Sphere, p. 71), and the Conimbrican College (2 On the Heaven, ch. 7, q. 4, art. 2): (1) the Eclipse which the Sun suffers from Venus passing under the Sun's disc is not sensible, because the disc of Venus, in comparison to the disc of the Sun, is about a hundredth part, as I too computed (bk. 7, sect. 1, ch. 4, num. 4); and much less the Eclipse from tiny Mercury; or, as Copernicus says (bk. 1, ch. 10): "That so small a spot is not easily seen beneath the most excellent light." But these things, as I said in the same place, must be understood of the naked eye, and before (or apart from) the use of the Telescope; otherwise, that Mercury was seen below [against] the Sun by the help of the Telescope, I related (bk. 3, ch. 3, scholium 3), where also (scholium 2) I taught that that blackish [spot] which was seen below the Sun by Averroes, or Aven Rodan [Ibn Riḍwān], or by others in the time of Charlemagne, was not Mercury, but one or more spots of the Sun.


[Margin: Regiomontanus is vindicated from Copernicus's insults.]



But Copernicus (bk. 1, ch. 10) refutes the former reasoning of Regiomontanus—(whom, however, whether from forgetfulness or from swelling of mind, he passes over unnamed)—from this, that between the Moon and us there are air and fire, and a space of 52 semidiameters empty of every star. But Regiomontanus would answer that the case is unlike, because Air and Fire are not heaven [celestial], nor a place apt for containing a star. Copernicus adds that the semidiameter of the Epicycle of Venus—by which she departs from the Sun on either side about 45 degrees—occupies a greater space than [the distance] from the earth to Mercury at apogee, and yet is empty of a star; but Regiomontanus would answer that the space within that Epicycle is not empty, since through it Venus runs from apogee to perigee.


[Margin: Clavius's system. 1st reason of Clavius, from parallax.]



[VIII.] Lastly, our Clavius tried to confirm the order of the Pythagorean and Ptolemaic System (in ch. 1 of the Sphere, from p. 65 in my [copy]), and from him Francesco Barozzi (bk. 1 of the Cosmography, p. 9). Which reasons must be weighed. The first is from parallax: for the greater it is (other things being equal), the nearer the star having it is to the earth, as is clear from what was said (bk. 1, ch. 35). But the parallax of the Moon is far greater than that of the Sun, as plainly appears from what was said (bk. 3, ch. 8, & bk. 4, ch. 14). Likewise the parallax of Mercury [is] greater than that of Venus, and of Venus than of the Sun, says Clavius—for as to the three superior [planets] he admits that this argument does not avail. But in reality, as Regiomontanus admits (bk. 9 of the Epitome, prop. 1), and before him Ptolemy (bk. 9 of the Almagest, ch. 1), the motion of Venus and Mercury is not so scrupulously known, that from it—especially using the Ptolemaic or Alfonsine tables—their parallax can be evidently discerned; and rather the distance from the earth must be established from elsewhere, and then from it the parallax is to be gathered by reasoning. Then, since by the Telescope showing [it] it is now established that Venus and Mercury, when they are nearer to apogee, are situated above the Sun, it is false that their parallax is then greater than the Solar; again, because they so go around the Sun that Mercury departs less from the Sun, it follows that Mercury, at its perigee, is higher than Venus at perigee, and therefore undergoes a smaller parallax.


[Margin: 2nd reason, from shadows.]



The second reason is drawn from shadow: for the smaller the shadow of the gnomon, the higher (other things being equal) is the star from whose rays, drawn through the top of the gnomon, the shadow is cast—as is clear from the diagram adduced (bk. 4, ch. 10, num. 1). But at an equal elevation from the horizon, the Solar shadow is shorter than the Lunar; nay (says Barozzi), the shadow of the Sun's ray is less than that of Venus's ray, and of Venus's than of Mercury's, and of Mercury's than the Moon's—and he testifies that this is proved by experience. But concerning Venus at perigee with respect to the Sun, we grant [it]; but concerning her with respect to Mercury, we deny [it]; and concerning either planet situated near apogee, we likewise deny [it]: besides that the experiment of the Mercurial shadow is suspect to me, for Mercury near perigee is wont to lie hidden under the brightness of the Sun—nay, in its greatest digression it does not appear, but [rather] the twilight light dilutes [washes out] its shadows.


[Margin: A slip of Clavius.]



This argument could surely be much more brilliantly accommodated to Jupiter, whose shadow is more evident than Mercury's: and so I would not have wished those words to have escaped Clavius (p. 68 of the Sphere): "The same which we said of the Moon with respect to the Sun can be accommodated with respect to the other planets; for although the other planets do not shine so [much] as to cast a shadow, yet it can be known how much their rays are cast through the tops of gnomons." For the rays of Venus and Jupiter do cast a manifest shadow. Then, how slippery is that accommodation and supplement of shadow!—say, by placing the eye in a plane and looking at the Planet through the top of the gnomon; and how difficult, in these Planets, to foreknow the moment at which they are at such and so great an altitude above the astronomical Horizon, independently of their distance from the center of the earth. But it is too easy, from a presupposed hypothesis, to feign experiments, and to reckon [results] that were never produced as [results] that would be, if they were [produced].


[Margin: 3rd reason, from Eclipses.]



The third reason is sought from mutual Eclipses: for that star is nearer to the earth and to us observing from the earth, which, by the interposition of its body, occults the other from us; but the Moon occults from us not only the Sun, but all the other planets: therefore the Moon is the lowest of all. By a like reasoning, Mercury will be below Venus, and Venus below Mars, and so on, says Clavius—namely, from the presumption of this system, not from any experiment concerning Mercury; for Mercury has never been seen to have occulted Venus; nay, perhaps it never could nor will be able even to occult her, but rather Venus [occults] Mercury. See what we have handed down about these occultations of the Planets, established from observation (bk. 5, ch. 2, schol. 2, & bk. 7, sect. 6, ch. 14).


[Margin: 4th reason, from the speed of motion.]



The fourth reason is taken from the velocity of the proper motion, and the slowness of the common motion: for the more a Planet is distant from the prime Mobile and from the Fixed [stars], the more quickly it completes its period, by tending toward the East; whence it happens that, returning daily later to the same Meridian, it seems slower in the motion of the prime mobile and of the Fixed [stars] toward the West. Since, therefore, the Fixed [stars] cannot complete their period except after many thousands of years, but Saturn completes it in about 30 years, and Jupiter in 12, and Mars in about 2 years, and the Sun in a single year, but the Moon within one month, while Venus too and Mercury complete it more quickly than Mars and more slowly than the Moon—it is established that below the Fixed [stars] are—


[…continues on p. 279 (PDF 314): "…[below the Fixed stars is] Saturn, and below Saturn Jupiter, then Mars, then the Sun, then Venus and Mercury, and lowest of all the Moon" — Clavius's fourth argument concluded, then the remaining reasons for the Ptolemaic order and Riccioli's assessment.]





(printed p. 279 — The treatment of Clavius concludes with his remaining reasons (4–9) for the Ptolemaic planetary order. The page then presents the catalogue of authors who subscribed to that order.)


[Margin: 4th reason continued.]



…it is established that immediately below the Fixed [stars] is Saturn, below it Jupiter, below Jupiter Mars, below Mars the Sun, Venus, and Mercury, and below these finally the Moon. But from this argument Clavius denies that anything certain can be gathered about the order of the Sun, Venus, and Mercury among themselves: for the mean motions of the Sun, Venus, and Mercury are equal, but the apparent motion in the Epicycle is longer for Venus than for the Sun, and for the Sun than for Mercury. By which argument Alpetragius (as we shall relate below) contends that Venus ought to be placed below Mars, above the Sun, but Mercury below the Sun. Further, as we said (bk. 7, sect. 3, ch. 11, at the end), the revolution of Venus, the Sun's motion (which it accompanies) being computed, is 584 days very nearly, and of Mercury about 116; but around the immobile Sun the revolution of Venus is about 225 days, and of Mercury about 88.


[Margin: 5th reason, from the interval between the Moon (☽) and the Sun (☉) [being] not empty.]



The fifth reason is that which I already adduced at number 6, from Regiomontanus—namely, lest the space which is from the Moon to the Sun be empty of a star; which reason avails much more in the hypothesis of Kepler, Ours, and Wendelin, in which between the Moon and the Sun there intervene far more semidiameters of the earth than 1006: for they are, for Kepler, about 3400; for me, 6036; for Wendelin, about 14600. But in the Ptolemaic system the intervals of the Planets are so ordered that nothing superfluous intervenes between heaven and heaven, but the lowest [point] of Saturn, or [its] Perigee, touches the apogee of Jupiter, and so of the rest, as we taught (bk. 7, sect. 6, from ch. 1 to 4). But this reason now ceases in the more recent hypothesis, in which—if, by the Telescope showing [it], we lead Venus around the Sun in a wider circuit, and Mercury in a narrower, and if we wish to keep safe the magnitude of Venus's Epicycle from [its] greatest digressions from the Sun and from the distance of the Sun from the earth—it is necessary that between the Moon at apogee and Venus at perigee there intervene a great space, empty of every ordinary Planet, as may be seen by [one] comparing the Lunar distances (about which bk. 4, ch. 14) with the least distances of Venus from the earth by the more recent hypotheses (about which bk. 7, sect. 6, ch. 2, in table 2).


[Margin: 6th reason, from the multiplicity of motions.]



The sixth reason is taken from the multiplicity and irregularity of the motions: for Mercury has more motions than Venus and the Sun, and therefore the Ptolemaics attribute to Mercury five orbs and an Epicycle, but to Venus three. But this reason is very weak; for thus the Sun would have to be placed above all the Planets, because by the simplicity of [its] motion it is more similar than all the Planets to the motion of the Fixed [stars] and the Prime mobile. Wherefore Aristotle (bk. 2 On the Heaven, ch. 10, or text 60) said: "It is no less wonderful, for what cause those [bodies] which are more distant from the first motion are not always moved by more motions, etc. For the Sun and Moon are moved by fewer motions than some of the wandering stars, although they are farther from the middle, and nearer to the first of bodies, than these." Although the latest age has detected far more motions in the Moon, according to what was said (bk. 4, ch. 18). Clavius could, therefore, have neglected this little reason.


[Margin: 7th reason, from the dependence of the Planets on the Sun.]



The seventh reason is drawn from the dependence of the Planets on the Sun in light and motion: for the Sun is, as it were, the King and Heart, the rule and moderator of all the Planets—since all the Planets, in their motions, are bound by a certain admirable harmony to the Sun's motion, as is clear concerning the synodic revolutions of the Moon; and concerning the periods of the other Planets, whether in the Eccentric or in the Epicycle, it is clear from what was said (bk. 7, sect. 1, ch. 7). [The Sun] ought, therefore, to go in the middle of them, that it might equably direct their motions and illuminate them—since we see Mars and Venus, on account of [their] nearness to the Sun, more strongly illuminated. Nor did Clavius abstain from a likeness and analogy of those [things] which are customary among human polities, so as to set the Sun in the middle place as King; for he says that Saturn, as being an old man, is the counsellor of the Sun; Jupiter, on account of [his] magnanimity, is the Judge; Mars the leader of the soldiery; Venus the mother of the household; Mercury the scribe or chancellor; the Moon, finally, the swiftest messenger—"As most [people] jest," says Clavius (for he did not wish these [things] to be recounted by himself seriously); "though Stoeffler (on Proclus, p. 44) relates these things seriously." But these [things] are said too much as commonplaces; and by almost the same argument the Copernicans contend that the Sun ought to have been placed in the middle of the whole Universe, but Tycho in the middle of the five smaller Planets surrounding it; nor must a King, or Master, or Leader always be in the middle of his [people], but often he follows after all [of them], or even sometimes goes before them.


[Margin: 8th reason, from the Sun's activity.]



The eighth reason, which Albumasar adduces (in his Great Introductory [work], tract. 3, diff. 3), rests on the activity of the Sun: for it ought to be placed in the middle of the Planets, lest, if it were higher, [it should fail in heat]; but if too low, it would act too much upon these lower [things, and scorch them here too]. Clavius thinks Ovid alluded [to this] (Metamorphoses 2), when he brings in Phoebus moderating, by [his] counsel, Phaethon [who was] guiding the solar chariot:


"Going too high, you will burn the heavenly signs;
too low, the lands: in the middle you will go most safely."



But this reason, if it held, would require the Sun to be precisely in the middle of the interval which is from the earth to the Fixed [stars], as to quantity; whereas in no hypothesis—much less the Ptolemaic—can this be true, as is clear from the distances of the Planets from the earth, reduced by us into a table (bk. 7, sect. 6, ch. 2).


[Margin: 9th reason, from the week of days and the dominion of the Planets.]



The ninth reason is taken from the order and nomenclature of the days of the week—which order Xiphilinus relates (from bk. 36 of Dio, in [the life of] Pompey) to have been instituted by the Egyptians. For, beginning from Saturn, and attributing to it the dominion over the first hour of the day, and running through the hours according to this order of the Planets—Saturn, Jupiter, Mars, Sun, Venus, Mercury, Moon—the dominion falls upon the first hour of the following day to the Sun, and of the [next] following to the Moon, then to Mars, afterward to Mercury, hence to Jupiter, and at last to Venus, according to what was said (bk. 1, ch. 30). But Dio in the same place, and Xiphilinus, indicate also another reason for this order, taken from the harmonic intervals—which [reason], also from Pythagoras, Pliny and Censorinus hinted to us (we adduced [it] at number 3). And that distribution [of the days] presupposes the aforesaid order of the Planets, but does not produce [prove] it; for neither is it true—nay, [it is] a most vain figment—that the dominion of the first hour of the Lord's day [Sunday] is given to the Sun rather than to another Planet, and so of the rest. The other [matters] about the harmonic intervals, which everyone tries to drag over to his own system, must be discussed in section [4] of this book.

For these causes, then—and especially on account of [its] antiquity and authority—this system prevailed over all others, from Pythagoras down to our own century; and so, for about 20 centuries, it had on its side the greater part of the Astronomers, and many of the Theologians and Physicists [Natural Philosophers]; of whom it is fitting to review the chief.

Authors who subscribed to Pythagoras and Ptolemy as to the Order of the Planets

[IX.] I said "as to the order"; for as to the multitude of the total or partial heavens some have dissented, as is clear from what was said here in chapter 1; and as to the hypothesis of Eccentrics, the Homocentrists [dissented], as I already said (sect. 2, ch. 2). But as to the order of the Planets, to this system have given their vote: Archimedes (in Macrobius, bk. 2 on the Dream of Scipio, ch. 3); the Chaldeans (in Bede, [the book] On the Elements of Philosophy); Cicero (On the Dream of Scipio); Pliny (bk. 2, ch. 6 & 7); Cleomedes (bk. 1 of the Cyclic Theory, ch. 3); Sosigenes (in Simplicius, on 2 On the Heaven); Albategnius [al-Battānī] (On the science of the stars, ch. 50); Alfraganus (difference 12, where he says he follows the opinion of the ancients); Albumasar (in his Introductory [work], tract. 3, diff. 3). And these were followed by the greater part of the Arabs, and the Alfonsines in [their] tables; John Fernel (bk. 1 of the Cosmotheoria); Peurbach (in the Theorics of the Planets) and its expositors, especially Pedro Nunes, Erasmus Reinhold, Erasmus Oswald, and Christian Wurstisius. Besides, John Regiomontanus (in the Epitome of the Almagest, bk. 4, prop. 1); John Stoeffler (on Proclus's Sphere, p. 44); Julius Firmicus (bk. 3 of the Mathesis, from ch. 3 to 9); Giovanni Pontano (bk. 7, On celestial things); John of Sacrobosco (on ch. 1 of the Sphere, and there his commentators enumerated at the beginning of bk. 1 of our Almagest); Orontius [Finé] (on the Sphere, bk. 1, ch. [...]); G. B. Amici (opusculum On the motions of the celestial bodies); J. A. Delphinus (On the celestial Globes); Fracastoro (in the Homocentrica, sect. 2 & 3); Egnatio Danti (in [his] tables, from table 12); Peter Apianus (in the Astronomicum Caesareum); Gemma Frisius (On the principles of Cosmography, bk. 1); Maurolyco (Dialogue 1 & 3 of the Cosmography, and at the end of the same); John Anthony Magini (in the Theorics of the Planets); Clavius (on the Sphere, from p. 64); Barozzi (in the Cosmography, bk. 1—


[…the author-catalogue continues on p. 280 (PDF 315): "…p. 8; Rudolph Goclenius, Michael Neander, Cardano, Ascanio Martinengo; and, to add a Father or two, St. John Damascene and Bede" — then the System I diagram (the Ptolemaic/Pythagorean order), and ¶X: Clavius's "swan-song," on seeing Galileo's telescopic discoveries.]





(printed p. 280 — The author-catalogue concludes, followed by the System I diagram and Clavius's "swan-song" on the telescope, which ends Chapter II. Chapter III then opens, on the Platonic, Geber, and Theon systems. A large engraved diagram of the Ptolemaic system spans both columns.)

…[Barozzi, in the Cosmography, bk. 1,] p. 8; Rudolph Goclenius (in the Urania, ch. 4); Michael Neander (in the Elements of the spherical doctrine, ch. [...]); Cardano (On Variety, bk. 1, ch. 1); Ascanio Martinengo (in the Great Gloss, p. 968). Finally, to add one or another Father: St. [John] Damascene (bk. 2 of the Orthodox Faith, ch. 7) supposes that in the First circle of heaven—that is, the supreme—is Saturn; in the second, Jupiter; in the third, Mars; in the fourth, the Sun; in the fifth, Venus; in the sixth, Mercury; but in the seventh and lowest, the Moon. And Bede (in the book On the Nature of Things, ch. 13, and On the reckoning of times, ch. 24), following Pliny, proposed the same order—although (bk. 2 On the Elements of Philosophy) he teaches that Venus and Mercury go around the Sun.

If anyone desires a figure—though not a necessary one—of the system of Pythagoras, Ptolemy, etc. (which one may call the common and most ancient [system], and the Chaldean or Babylonian, as we shall learn from Bede, ch. 4, num. 4), behold it [here]—in which, however, Eccentrics and Epicycles are to be understood [as implied], according to the figures handed down in bk. 7, sect. 2 & 3.

System I — The Most Ancient and Common [System] of Pythagoras, Ptolemy, and Very Many


[Translator's note — engraved diagram: A geocentric world-system. At the center sits the Earth (drawn as a small globe with lands and seas). Around it run concentric circles, labelled outward in order by their planetary symbols: ☽ Moon, ☿ Mercury, ♀ Venus, ☉ Sun, ♂ Mars, ♃ Jupiter, ♄ Saturn. The outermost band is the starry firmament / zodiac (Signiferum), divided into the twelve signs (Gemini ♊, Cancer ♋, Leo ♌, Virgo ♍, … Capricorn ♑, etc.) and studded with stars. This is the standard Ptolemaic order; per Riccioli's caption, the eccentrics and epicycles are to be supplied mentally.]

[Margin: Clavius's last word on the system, the Telescope having been seen.]



[X.] Thus far the Astronomers, down to Clavius—as long as the heaven was explored with unarmed eyes. But when the Belgian spyglass [telescope] was first brought [to us], and Venus was seen to be illumined by the Sun in the manner of the Moon, so that it must go around the Sun, and similar [things], the good and candid old man Clavius exclaimed—nay, like a Swan near to death, he sang of the change of the ancient system in these words (which, from the last edition, on chapter 1 of the Sphere, Scheiner recites, num. 22 of the Mathematical Disquisitions, and Tanner, On the Heaven, q. 10): "Yet I do not wish this to be hidden from the Reader: that not long ago there was brought from Belgium a certain instrument, in the manner of a certain oblong tube, in whose ends are fitted two glasses, or lenses, by which objects remote from us appear very near, and indeed far larger than they really are. With this instrument very many stars are discerned in the firmament, which without it can in no way be seen, etc. The Moon too, when it is horned [crescent] or half-full, appears, in a wonderful way, broken and rough—so that one cannot sufficiently wonder that there are such great inequalities in the Lunar body. But on this matter, consult the booklet of Galileo Galilei which he entitled the Sidereal Messenger, printed at Venice in the year 1610. Among the other [things] which are seen by this instrument, this holds not the last place—namely, that Venus receives [its] light from the Sun in the manner of the Moon, so that it appears now more, now less, horned, according to its distance from the Sun: which I have observed not once, with others, here at Rome. Saturn too has other stars conjoined [to it], smaller than itself—one toward the East, the other toward the West. Jupiter, finally, has four wandering stars, which vary their position in a wonderful way, both among themselves and with Jupiter, as Galileo diligently and accurately describes. SINCE these things are so, let the Astronomers see in what way the celestial orbs are to be constituted, that these Phenomena may be saved [accounted for]." Thus Clavius. But let us proceed to the other systems.




Chapter III, On the System of Plato, of the Platonists, of Geber, and of Theon; on which occasion the System of Cicero is disputed


[Margin: Plato's system, from Plutarch; and from Macrobius.]



[I.] Just as, not rarely, discord has begotten concord, so concord [has begotten] discord. For there was between Pythagoras and Plato a wonderful concord in this—that the intervals and order of the Planets were to be constituted from the laws of Music; but straightway from this was born a discord, on account of the diverse opinions about the harmonic interval [diastēma] between the Platonists and the Pythagoreans. But neither about the Platonic system itself do all write alike. For Plutarch—most thoroughly versed, certainly, in Greek matters—(bk. 2 On the Opinions of the Philosophers [Placita], ch. 15), after the related opinions about the order of the stars (about which I [treated] in ch. 2, at the end, num. 2), thus continues: "Plato, after the seat of the fixed [stars], [places] first Phænon (φαίνων), which is called Saturn's; second, Phaethon (φαέθων), which [is] Jupiter's; third, Pyroeis (πυρόεις), which [is] Mars's; fourth, Phosphoros (φωσφόρος), which [is] Venus's; fifth, Stilbon (στίλβων), which [is] Mercury's; the Sun, finally, sixth; and the Moon seventh." Some of the Mathematicians assent to Plato; some [make] the Sun the middle of all. Nor by a dissimilar reasoning does Macrobius teach (in bk. 1 On the Dream of Scipio, ch. 19) that, according to Plato, the Sun holds the sixth place, and the Moon the seventh, among the Planets; and (ch. 21): "It must be noted in this place that, in the genesis of the world, either Providence itself, or the genius of antiquity, gave to the stars that order which Plato assigned to their spheres—that the Moon be first, the Sun second, above this Mercury, Venus fourth, hence Mars, thence Jupiter, and Saturn last." And from these two sources, I believe, [they] drew, whoever ascribe this order to the Platonic system—namely Copernicus (bk. 1, ch. 10), Valentin Naibod (bk. 1 of the Astronomical Institutions, ch. 16), Clavius (on the Sphere, p. 64), Barozzi (bk. 1 of the Cosmography, ch. 2), Orontius (bk. 1 of the Sphere, ch. 3), and Argoli (in the Pandosion Sphæricum, ch. 3)—although only Clavius and Argoli express the position of Venus above Mercury; the rest number both above the Sun, according to the opinion of Plato and the Egyptians.


[Margin: Another System of the Platonists.]



[II.] But some Platonists varied this order somewhat, and raised Mercury above Venus; for thus the same Macrobius relates of them (bk. 1 on the Dream of Scipio, ch. 3): "Which dimension of Archimedes, however, is repudiated by the Platonists, as not preserving the double and triple intervals. And they established that this must be believed: that as much as is from the earth to the Moon, double [that] is from the earth to the Sun; and as much as is from the earth to the Sun, triple [that] is from the earth to Venus; and as much as is from the earth to Venus, four times as much is from the earth to the star of Mercury; and as much as is from the earth to Mercury, nine times as much is from the earth to Mars; and as much as is from the earth to Mars, eight times as much is from the earth to Jupiter; and as much as is from the earth to Jupiter, twenty-seven times as much is from the earth to the orb of Saturn." This Platonic persuasion Porphyry inserted into the books in which he infused not a little light into the obscurities of the Timaeus. The same order is asserted by the author of the book On the World [addressed] to Alexander, and by Apuleius (book On the World), and by Hamerus (on ch. 1 of Genesis). Therefore not only the author of the booklet On the World placed Mercury above Venus, and Venus above the Sun, as Clavius said (Sphere, p. 42). The same intervals and the same order, in almost the same words, Marsilio Ficino attributes to Plato (in the Compendium on the Timaeus, ch. 34); but he adds: "Here you see the heavier Planets, Jupiter and Saturn, designated by solid numbers; and although elsewhere, from the opinion of some Pythagoreans, I have reviewed other measures of the intervals, yet I esteem the Platonic ones more probable." And by these he thinks can be explained [those things] which—


[…continues on p. 281 (PDF 316): Ficino's explanation continued, then Riccioli proceeds through the remaining Platonic / Geber / Theon variants of the planetary order and the dispute over Cicero's system.]





(printed p. 281 — The discussion of Ficino on the Platonic intervals concludes, followed by the Theon/Geber order. Under the sub-heading on Cicero's System the page treats the Dream of Scipio, and then asks whether Plato followed the Egyptians.)

…[can be explained those things] which are said more obscurely about these spheres and proportions in [Plato's] Republic, bks. 8 & 10. But I would believe that occasion was given to these [Platonists] by those words of Plato, in which he introduces Timaeus of Locri, the Pythagorean, speaking thus: "God placed the Moon in the first circuit above the earth; in the second, the Sun; then he fixed the globe of Lucifer [Venus], and the star sacred (as it is said) to Mercury, to circles equal [to the Sun] in velocity, but contrary to it in power, whereby it happens that they overtake one another, and are by turns overtaken by each other—these stars, the Sun, Lucifer, and Mercury."


[Margin: Mercury's motion undiscovered.]



But from the fact that he named Venus before Mercury, it does not follow that Plato, or Timaeus, placed Venus lower than Mercury. Since indeed in the Epinomis, after the Sun and Lucifer, he names that one [Mercury]—on account of [its] undiscovered motion, or because among the Egyptians it once had no fixed name; for thus there Plato [speaks] in the person of the Athenian: "I mean [the star] of the Sun, and of Lucifer, and that third one, which, since it is unknown, cannot be named; which has come about because the first observer of these things was a Barbarian: for an ancient region nourished those who, on account of the serenity of the summer season, first inspected these things. Such was Egypt and Syria, where all the stars, so to speak, are always clearly discerned, because neither clouds nor rains impede the view of the sky." Wherefore, on account of [its] undiscovered nature and motion, [Mercury] received its name later than Venus. But he adds: "But indeed they too received names from some: for Lucifer, which is also Vesper, surely has [its] reason; and the star which runs equally with the Sun, and together with it, is called Stilbon [στίλβων, 'the gleaming'], from [its] splendor."

[III.] Now indeed the order of the former system—by which Mercury would be above the Sun, and Venus above this [Mercury]—was upheld by Theon (bk. 9 on the Almagest, ch. 7); and Summarus (in Pico, bk. 10 against the Astrologers, ch. 4); and Geber of Seville (bk. 7 of his Astronomy, ch. 1), where he reproves Ptolemy, because (bk. 9, ch. 1) he said that the parallaxes of Mercury and Venus are to be neglected, whereas the parallax of the Sun is 2′ 51″, and of Venus 3′, and of Mercury 7′, by the Ptolemaic commensurations; then, from the latitudes (likewise Ptolemaic), he shows that the Sun can sometimes be partly occulted by Venus and Mercury. But we, in the preceding chapter (num. 6), have already vindicated Ptolemy from Geber's objections. And Geber concludes [it] more probable that Mercury is situated above the Sun, and Venus above Mercury, with the three other Planets, on account of the similarity in the composition of [their] orbs, in the double anomaly, and in the stations and retrogressions.

On the System of Cicero, and its Disagreement from the Platonic

[IV.] Thus far, then, we would have two forms of the Platonic System: one in which Mercury would be subject [lower] to Venus, and the Sun to Mercury; the other in which the Sun [is subject] to Venus, and Venus to Mercury—were it not that Macrobius insinuates a third form (bk. 1 on the Dream of Scipio, ch. 19), where he inquires what order Cicero, [and] what order Plato, assigned to the Sun among the wandering stars. Now Cicero had said, in that Dream, under the person of Scipio the Elder: "All things are connected by nine orbs, or rather globes, of which one is the outermost celestial [one], which embraces all the rest—the supreme God Himself, confining and containing the others; in which are fixed those everlasting courses of the stars which revolve. To it are subject seven, which turn backward by a motion contrary to the heaven. Of these, one globe possesses that [star] which on earth they call Saturn's. Then [comes] that prosperous and salutary brightness for the human race, which is called Jupiter's. Then the ruddy and horrible-to-the-earth [star], which you call Mars. Then, beneath almost the middle region, the Sun holds [its place], the leader and prince and moderator of the other lights, the mind and tempering of the world, of such magnitude that it surveys and fills all things with its light. Following it as companions are the two courses, the one of Venus, the other of Mercury. And in the lowest orb the Moon, kindled by the rays of the Sun, is turned about. But below [the Moon] there is now nothing except [what is] mortal and perishable, save the souls given to the human race by the gift of the Gods. Above the Moon all things are eternal: for that [globe] which is the middle and ninth, the earth, neither moves, and is the lowest, and into it are borne all weights by their own inclination." This is fully and plainly the Ciceronian System, in nothing at all discrepant from the Pythagorean and the Archimedean.


[Margin: Macrobius's opinion on Cicero's system.]



But because Plato assigns to the Sun the sixth place among the Planets, while Cicero [assigns] the fourth, Macrobius (bk. 1, ch. 19, as I said) investigates the causes of this disagreement; for he says: "Plato followed the Egyptians, the parents of all the disciplines of Philosophy, who will have the Sun so placed between the Moon and Mercury, that nevertheless by reason they have detected and elicited why by some the Sun is believed to be above Mercury and above Venus; for neither do those who think thus stray far from the appearance of truth." And a little after: "Now indeed nearest to Venus is the star of Mercury, and the Sun [is] near to Mercury, so that these three traverse their heaven in an equal interval of time—that is, in a year, more or less. Therefore Cicero too calls these two courses the companions of the Sun, because in an equal space they never recede far from one another"; and, a few [words] about the Moon being interposed, he goes on: "But the nearness of these three nearest to one another—of Venus, Mercury, and the Sun—has confounded the order; but among others [it is otherwise]: for the cleverness of the Egyptians did not escape the reasoning, which is this: The circle through which the Sun runs is encompassed by the circle of Mercury as [by] a higher one; and that too the higher circle of Venus includes: and so it happens that these two stars, when they run through the higher vertices of their circles, are understood to be placed above the Sun; but when they pass through the lower [part of their] circle, the Sun is reckoned higher than they. To those, therefore, who said their spheres are below the Sun, this seemed [so] from that course of the stars which sometimes (as we said) appears lower—which is also truly more notable, because it then appears more freely; for when they hold the higher [positions], they are more hidden by the [Sun's] rays; and therefore that persuasion prevailed, and by almost all this order was received into use." Yet a more perspicacious observation detects a better order. These things being said, and some [remarks] about the light of the Planets being interposed, he concludes: "What order Plato gave to the Sun, or his authors; or whom Cicero followed [in] assigning the fourth place to its globe, or what reasoning introduced the persuasion of this diversity—enough has been said."

Cicero, therefore, followed the more common opinion about Venus and Mercury—which, because they are discerned longer and better when they depart most from the Sun, and are not so hidden by the twilight light (but then they are in the lower semicircle of their Epicycle), are therefore believed to be situated below the Sun; and that very reasoning the Egyptians followed in the distribution of the planetary hours, as we said from Dio and Xiphilinus in the preceding chapter (num. 7, reason 9)—granted [it was] by reasoning about these digressions; or also because, using a clearer air, they sometimes saw Venus and Mercury much diminished in apparent magnitude, [and] reckoned that this happened because they ascended far from the lands, above the Sun, and so described circles around the Sun.


[Margin: Whether Plato followed the System of the Egyptians.]



[V.] Therefore, if Plato followed the Egyptians (as Macrobius says), and the Egyptians taught that Venus and Mercury are situated not only above but also below the Sun, it may seem that Plato transferred this very [doctrine] to the Greeks—although he expressed only the higher position, because in the harmonic intervals he thought their greatest distance from the lands, and apogean position, should rather be preserved, than their least, and perigean place. Nay, Cicero himself too might seem not to have disagreed from Plato, although he expressed only the vulgar opinion; since Cicero's book On the Dream of Scipio is part of bk. 6 of the Republic, and in the books On the Republic he imitated Plato, who indeed (bks. 8 & 10 of the Republic) hands down the account of the harmonic intervals among the seven orbs, attributed to the seven Sirens—yet [an account] sufficiently involved [obscure]. Therefore elsewhere (bk. 7, sect. 1, ch. 4) I judged [it] probable that the Platonic and Ciceronian system was in reality the same as the Egyptian, to which Vitruvius, Macrobius, Capella, and Bede subscribed. But, the matter being better considered, I judge [it] more probable that Cicero thought with Pythagoras, and—the Epinomis of Plato being consulted—that Plato disagrees from the Egyptians in this. For Cicero nowhere indicated that order of Plato; and although he admitted a concord of the heavens, he subscribed rather to the Pythagorean intervals, and followed that opinion which Pythagoras had taught in Italy, and which by Numa Pompilius had been transferred in Latium to Varro and Cicero. But Plato thought that all [things] which had been received from the Barbarians (for thus he calls the Egyptians and Syrians and all foreigners) were rendered better by the Greeks; and in this business of the mundane system, he judged it better that Venus and Mercury be always above the Sun, and revolve uniformly in concentric circles, and not run now below, now above, by Epicycles, with changing intervals—


[…continues on p. 282 (PDF 317): Plato's Epinomis on the uniform, intelligent motion of the stars; then the System II (Platonic) diagram; then Chapter IV opens — the Egyptian system (Vitruvius, Capella, Macrobius, Bede, Argoli), in which Venus and Mercury circle the Sun.]





(printed p. 282 — The discussion of Plato's Epinomis on the uniform motion of the stars concludes, and the System II (Platonic) diagram ends Chapter III. Chapter IV then opens on the Egyptian system, treating the Egyptians' geo-heliocentric insight, Vitruvius, and Martianus Capella. A large engraved diagram of the Platonic system occupies the lower-center of the page.)


[Margin: Plato's opinion on the motion of the Stars.]



…[and not run] now below, now above, by Epicycles with changing intervals. Which I gather from his Epinomis, in which he says: "That which proceeds in an orderly manner in the heaven, that it has a mind is demonstrated by this sufficient sign—that it goes always by the same way and in a like manner. But the soul, having intellect, is the greatest necessity of all necessities; for it governs by leading, not by being led. But when the soul, which is the best thing, conducts itself by counsel according to the best intellect, then, without persuasion [i.e., without external compulsion], that which is truly accomplished by the force of the intellect will necessarily come to pass; nor will the adamant be able to hold itself more solid and immobile, etc. It ought, therefore, to be an argument to men that the stars, and that whole circuit, have a mind—because they always do the same things; for in the greatest and most wonderful interval of time, they have already beforehand deliberated what is to be done by them, nor do they approve now this, now that, up and down, by counsel. Wherefore they neither stray, nor are revolved beyond the ancient order." Plato therefore judged that the Planets are driven by a moving Intelligence along the same way by a uniform motion, nor borne up and down—and that this is the work of a mind, choosing once what is best, and immovably preserving it. In a word, he judged that they are carried around in circles concentric to the world.


[Margin: Astronomy [is] more ancient among the Egyptians than among the Greeks.]



And he thought, very probably, that the Greeks understood this more perfectly than the Barbarians; for below, in the same Epinomis, speaking of the knowledge of the Stars (which became known to the Greeks later than to the Barbarians, on account of the impediments of a less clear air), he says: "Since indeed we are more distant than the Barbarians (as we said) from summer serenity, we understood the order of these divinities (for thus he calls the stars) more slowly. But whatever the Greeks received from the Barbarians, they rendered better. Which we ought to consider also in these [matters] which we are now treating." It remains that we represent, in a single diagram, the twin form of the Platonic system—namely of Plato (to whom subscribed Theon, Samerius, and Geber) and of some of the Platonists (namely Porphyry, Apuleius, and Ficino).

System II — The Platonic System


[Translator's note — engraved diagram: A geocentric world-system shown in two labelled halves for comparison, the left marked "Plato" and the right "Porphyrius" (Porphyry). Both share the Earth at the center; immediately around it the ☽ Moon, then the ☉ Sun (drawn as a radiant face)—so the Sun sits directly above the Moon. Above the Sun come Venus ♀ and Mercury ☿ (their relative order differing between the two halves—the Platonic vs. the Porphyrian arrangement), then ♂ Mars, ♃ Jupiter, ♄ Saturn, and the outermost starry firmament studded with stars. The defining feature versus System I (Ptolemaic) is that the Sun is placed just above the Moon, with Venus and Mercury above the Sun.]






Chapter IV, On the System of the Egyptians—or of Vitruvius, Martianus Capella, Macrobius, Bede, and Argoli

[I.] It might seem [to be] sufficiently demonstrated, the system of the Egyptians, from what was said in the preceding chapter (num. 4). Yet because its form is much diverse from the Pythagorean and Platonic—since it contains in itself the extremes of each—and because what, in our own age, the Telescope at last revealed, this they [the Egyptians] foresaw by the perspicacity of [their] genius, it is fitting in this place, as [its] proper [place], to discuss it again. They, therefore, when they investigated for what cause Venus and Mercury depart from the Sun not by a whole semicircle—nay, Venus scarcely by a semi-quadrant of a circle, Mercury not even by a twelfth part of the Zodiac circle—and why, around [their] greatest digressions, they appear larger, judged that this happened from an Epicycle described around the Sun, in which they sometimes revolve below, sometimes above the Sun, sometimes at equal intervals with it, and depart from the Sun according to the measure of the Epicycle, and appear larger on account of [their] nearness to the earth, and smaller on account of [their] distance. Wherefore they prepared for us, already then, a most beautiful—and, as to this part, most true—system.

Let Macrobius be heard again, if [it] please (bk. 1 on the Dream of Scipio, ch. 19), narrating thus: "Neither about the order of the three superior [planets], which an immense distance manifestly and clearly distinguishes, nor about the region of the Moon, which has departed far from all [the rest], was there among the ancients any dissent. But the nearness of these three nearest to one another—of Venus, Mercury, and the Sun—has confounded the order; but among others [it is otherwise]: for the cleverness of the Egyptians did not escape the reasoning, which is this: The circle through which the Sun runs is encompassed by the circle of Mercury as [by] a higher one; and that too the higher circle of Venus includes. And so it happens that these two stars, when they run through the higher vertices of their circles, are understood to be placed above the Sun; but when they pass through the lower [part of their] circle, the Sun is reckoned higher than they. To those, therefore, who said their spheres are below the Sun, this seemed [so] from that course of the stars which sometimes (as we said) appears lower—which is also truly more notable, because it then appears more freely; for when they hold the higher [positions], they are more hidden by the [Sun's] rays; and therefore that persuasion prevailed, and by almost all this order was received into use."


[Margin: Macrobius's System.]



Yet a more perspicacious observation detects a better order—truly more perspicacious [the Egyptians'], which forestalled the use of the Belgian spyglass by so many centuries, by sagacity of genius alone. And from these same words it becomes plain that Macrobius brought his vote to this system, especially since in the same chapter he confirms from it that these two Planets [Venus and Mercury] too must be carried above the Sun—because, like the rest, they have their own light (for thus he thought), whereas the Moon is always below the Sun, inasmuch as it shines by another's light, and only from the Sun.


[Margin: Vitruvius's [System].]



[II.] Nor is there any doubt to me that Marcus Vitruvius Pollio (bk. 9 On Architecture, ch. 4) acknowledged the same order: for although he enumerates the Planets thus—"the Moon, the star of Mercury, of Venus, the Sun itself, and likewise of Mars, and of Jupiter, and of Saturn"—following the vulgar opinion, yet a little after he says: "But the star of Mercury and of Venus, crowning the Sun itself as a center with their journeys around the Sun's rays, make retrogressions backward, and retardations. Also, by [their] stations, on account of that circuit, they tarry in the spaces of the Signs." In which sense Scheiner too interpreted him (in the Mathematical Disquisitions, num. 22, toward the end).


[Margin: Martianus Capella's System.]



[III.] Nor less manifestly Martianus Mineus Felix, surnamed Capella (bk. 8 On the Marriage of Philology and Mercury, in the chapter whose title is "On the Orbs of the Planets"), says: "But Venus and Mercury do not go around the earth." And in the following chapter, when he had asserted Eccentrics by saying: "Generally it must be known that, for all the orbs of the Planets, the earth is the Eccentron [off-center point]—that is, [the earth] does not hold the middle of the circles, [a middle] which there is no doubt is the center of the world," a little after he expounds what is the center of the circles of Mercury and Venus, in these words: "For although Venus and Mercury display daily risings and settings, yet their circles do not go around the earth at all, but circle around the Sun in a wider compass. Indeed, they place the center of their circles in the Sun: so that they are carried sometimes above it, but for the most part below, nearer to the lands. From which [Sun] indeed Venus is separated by one sign and a half [part]. But when they are above the Sun, Mercury is nearer to the lands; when below the Sun, Venus, inasmuch as it is curved in a chaster [narrower] and more diffuse orb." This African writer could not have depicted the Egyptian system in clearer words. But also, below, in a chapter peculiar to Mercury, he says: "Thus far concerning the Sun. Now it is fitting to behold the courses of the Planets, and especially of those which revolve around the Sun. For Stilbon [Mercury], leading [completing] almost the circle of a year, runs through eight parts of latitude, driven by an alternating diversity. That the circles of this [Mercury] and of Venus are Epicycles I noted above—that is, [circles] not within—


[…continues on p. 283 (PDF 318): "…[not] going around [the earth, but around the Sun]…" — Capella's exposition of the Mercury/Venus epicycles around the Sun continued, then the remaining witnesses to the Egyptian system (Bede, Argoli) and its diagram.]





(printed p. 283 — Chapter IV concludes with Capella, Bede, and Argoli, and the System III (Egyptian) diagram closes the chapter. Chapter V then opens, on the homocentric system of Eudoxus, Calippus, and Aristotle. A large engraved diagram of the Egyptian system fills the right column.)

…[that is, circles not] enclosing the roundness of the earth within their own compass.


[Margin: Bede's System.]



[IV.] But we must sail from Africa to England, and the opinion of that most learned and venerable presbyter, namely Bede, must be sought out. He, therefore (in the book On the Nature of Things, ch. 13), speaks thus: "The highest is the star of Saturn, by nature gelid, traversing the Zodiac in thirty years. Then [that] of Jupiter, temperate, in twelve years. The third, of Mars, fervid, in two years. In the middle the Sun, in 365 days and a quarter. Below the Sun, Venus—which is also Lucifer and Vesper—in 368 days, never standing off from the Sun farther than 46 parts [degrees]. Nearest to it, the star of Mercury, in a swifter circuit by nine days, shining now before the rising of the Sun, now after [its] setting, never more remote from it than 22 parts. Last, the Moon, completing the Zodiac in 27 days and a third part of a day." But these things Bede may have said either when he was younger, or indulging the vulgar opinion for a while. Otherwise, in the book On the constitution of the celestial and terrestrial World (which is had in the first volume of his works), in the chapter on Epicycles and intersections (p. 383 in my [copy]), he speaks thus of Mercury and Venus: "But that [Venus and Mercury] are carried above and below the Sun is shown in three ways by conjectures: either by the intersection of the circles; or because they are Epicycles—that is, supercircular [circles] which, not having the earth [as] center, make the Sun, as it were, the center of their course; or [because] they measure out the altitude of the Sun by obtuse circles, or by acute windings." This is—as I at least interpret [it]—by Ellipses described around the Sun rather than by circles. But also, in the book On the Elements of Philosophy, thinking the Platonic and Egyptian system to be the same, and busying himself to reconcile it with the Chaldean, he says: "Then it must be said why the Chaldeans say the Sun [is] fourth, but the Egyptians and Plato [say] sixth. It is true that the Sun is below Venus and Mercury, next to the Moon"; and he gives the cause—namely, that the cold and humidity of the Moon may be tempered by the hot and dry Sun, and that it [the Moon] may receive light nearer from the Sun. Soon he subjoins: "Yet to the Chaldeans it seemed otherwise: [Bede] refers the cause to the intersection of nearly equal circles, and says: They intersect one another thus, that the circle of Venus, in its lower part, intersects the upper parts of the circles of Mercury and the Sun, comprehending more of the Mercurial [circle] than of the Solar. But the circle of Mercury, in its upper part, intersects the Venereal [circle], in [its] lower [part] the Solar. And the circle of the Sun, in its upper part, intersects the Mercurial and the Venereal—more the Mercurial, less the Venereal." Then, after a few [words], he concludes: "Since, therefore, the circle of the Sun is encompassed in the upper parts of those circles, it is justly said to be lower than they; but because it happens sometimes that the Sun runs through the upper parts of its circle, but those stars [run] through the lower [parts] of theirs, then they appear more freely; for the Sun does not obscure the [things] placed below [it] as much as [those] placed above; [therefore] it is reckoned higher than they." But this hypothesis is very involved; and far neater and readier is that which he had indicated in the former place, through epicycles described around the Sun.


[Margin: Argoli's System.]



[V.] Lastly, Andrea Argoli (in his Pandosion Sphæricum, ch. 3) chose this very system, ordering Mercury around the Sun, and Venus around Mercury, in Epicycles, but the orbs of Mars, Jupiter, and Saturn around the Earth. And he adds that what was left unpolished and bare by Vitruvius and Capella, this was fortified by him with Geometrical demonstrations—the quantity of the Eccentricities and Epicycles being added, and, according to these measures, tables of the secondary mobiles published by him, which he affirms to agree to a nail's breadth [exactly] with the Tychonic [tables], except the Moon. And those measures he indicates in the same Pandosion, from ch. 50 to 59.


[Margin: Argoli's boldness against Tycho.]



But in that he asserts (ch. 3) that Tycho rests on a most feeble foundation when he makes Mars, at opposition [acronychal], nearer to the lands than the Sun—namely by a greater parallax than the Sun's—and [that] this observation is almost impossible: he speaks too boldly, as will be clear to [one] considering the Tychonic and Keplerian foundations in this matter (about which we [treated] already in bk. 7, sect. 2, ch. 3, scholium 4, and sect. 6, ch. 4, schol. 3 & 4, and ch. 10, scholium 1). But behold the diagram of this Egyptian, Vitruvian, Capellan, Macrobian, etc. system—which, although some of the more recent [writers] ascribe [it] to Martianus Capella, is nevertheless far more ancient; and from its first origin I judge it should rather be called Egyptian.

System III — The Egyptian System


[Translator's note — engraved diagram: A geo-heliocentric world-system. At the center, the Earth, with the ☽ Moon circling it. Beyond the Moon, a large circle on which the ☉ Sun rides; carried around the Sun itself on a small loop (epicycle) are ☿ Mercury and ♀ Venus. Outside the Sun's circle, going outward, are ♂ Mars, ♃ Jupiter, ♄ Saturn (each circling the Earth), and the outermost starry firmament studded with stars. Thus Venus and Mercury are heliocentric, while the Moon, Sun, Mars, Jupiter, and Saturn are geocentric—the "Egyptian" (Capellan) arrangement.]






Chapter V, On the System of Eudoxus, Calippus, and Aristotle


[Margin: Which System Eudoxus and Calippus followed.]



[I.] The first controversy is about the order of the Planets—namely of Mercury, Venus, and the Sun (for about the three superior [planets], and about the lowest, the Moon, there is no doubt)—as asserted by Eudoxus, Calippus, and Aristotle. And at first, indeed, Eudoxus—as being a Cnidian—seems to have followed the Platonic system, Laërtius attesting this (bk. 8, in the life of Eudoxus); especially since he chose the same opinion about concentric orbs, as we shall presently see. But since Calippus indeed corrected the system of Eudoxus, yet retaining the concentrics, and only adding certain other starless orbs—and the same Aristotle did, adding other revolving [spheres] above the Calippic number, and was moreover a disciple of Plato—it seems consonant that Calippus, equally with Aristotle, retained the Platonic system as to the order of the Planets.


[Margin: The System of the author of the De Mundo ad Alexandrum.]



To this is added that Aristotle, in the book On the World, to Alexander (ch. 2), has these [words]: "Next to this [sphere]—that is, to the globe of the non-wandering [stars]—the so-called circle of Phænon [φαίνων] together with Saturn always has [its] position contiguous; nearest to which is [that] of Phaethon [φαέθων], which is also called Jupiter's. After this follows Pyroeis [πυρόεις], called also Hercules's and Mars's. From this, again, is Stilbon [στίλβων], which is believed sacred to Mercury, by some also to Apollo; after which is the orb of Lucifer, which some call the orb of Venus, some of Juno. From it is the orb of the Sun; and finally the Moon, nearest to us, extending its bounds even to the earth." But if the author of this booklet be called into doubt, certainly these are the words of Aristotle (bk. 1 of the Meteorology, ch. 4), saying: "Moreover, as is shown in the Astrological theorems, the magnitude of the Sun is greater than the earth, and the distance of the stars from the earth much greater than [that] of the Sun—as [the distance] of the Sun from the earth [is greater] than [that of] the Moon; therefore the cone which it [the earth] casts from the Sun's rays is not raised very far from the earth, nor will the shadow of the earth (which is called night) reach to the stars; but it is necessary that the Sun look around upon all the stars, and that the earth obstruct none of them." He supposes, therefore, that no stars can fall into the shadow of the earth, because they are much more remote from the earth than the Sun—granted such a great distance is not necessary, but he supposed it from the hypothesis of certain Astronomers placing all the Planets above the Sun. Finally, that Aristotle supposed Venus and Mercury to be situated above the Sun, affirm Hamerus (ch. 1 on Genesis), Valentin Naibod (bk. 1 of the Astronomical Institutions, ch. 16), Clavius (on the Sphere, p. 64), Ba—


[…continues on p. 284 (PDF 319): "…rozzi (bk. 1 of the Cosmography, ch. 2), Longomontanus, Argoli…" — then ¶II (whether Eudoxus, Calippus, and Aristotle followed the Egyptian or the Chaldean order), ¶III (Eudoxus's 27 homocentric spheres and the hippopede), ¶IV (Calippus's added spheres), and ¶V (Aristotle's own counter-revolving spheres — 55 or 47).]





(printed p. 284 — Chapter V continues, completing the list of authors and asking whether Eudoxus, Calippus, and Aristotle followed the Egyptian or the Chaldean order. The page treats Eudoxus's homocentric spheres and Calippus, and opens the account of Aristotle's own counter-revolving spheres.)

…[Ba]rozzi (bk. 1 of the Cosmography, ch. 2), Longomontanus (in the Danish Astronomy, bk. 1 of the Theorics, ch. 1), Argoli (in the Pandosion Sphæricum, ch. 3); nor can it be denied that the opinion of these [authors] is probable.


[Margin: Eudoxus's order called into doubt.]



[II.] These [things] notwithstanding, it seems at first that Eudoxus—as being a Cnidian, and pertaining to the Assyrians rather than the Greeks—ought to have followed the opinion of the Barbarians, namely of the Assyrians and Egyptians; the more so because, as Laërtius relates in his life, he heard Plato at Athens for only two months (being both pressed by poverty and cast out by Plato), and was thence compelled to return to [his] fatherland; and afterward, supported by the largess of friends, he set out to Egypt, where, having tarried 16 months, [and] at last having many disciples, he returned to Athens, so as to vex Plato, who from the beginning had dismissed him. Wherefore, although he chose concentrics, it is nevertheless not certain which part of the Egyptian system he chose—that which set Mercury and Venus [above] the Sun, or that which set the Sun above them.


[Margin: And Calippus's [order]; and Aristotle's.]



And I say the same of Calippus, who—as being an Asiatic—is believed to have been addicted to the Chaldean hypotheses, and whose writings were known to Ptolemy (and indeed those of Eudoxus too, it is believed), as is clear from the Almagest (bk. 2, ch. 2); and yet (bk. 9, ch. 1) [Ptolemy] places, according to the opinion of the ancients, Venus and Mercury below the Sun, and attributes the opposite only to the younger [moderns]. As regards Aristotle: since he himself says (On the Heaven, ch. 10): "But now the contrary happens; for the Sun and Moon are moved by fewer motions than some of the stars, although they are farther from the middle and nearer to the first body than these very [stars]"—he seems to have spoken not of all, but only of some Planets, as being higher than the Sun and Moon and yet having more motions; then, since in the same place he had related that Mars was seen by [him] occulted by the Moon (in order to show that the Moon is the lowest of all, although having fewer motions than certain Planets nearer to the Fixed [stars]), he subjoins: "Similarly also they speak about the other stars—the Egyptians and Babylonians, who long ago observed these things through very many years, to whom we attribute much faith concerning each of the stars." Therefore it is more credible that Aristotle, as to the order of the Planets, followed either the system of the Egyptians; or—because he chose concentrics, and placed no Planets now above, now below the Sun—rather adhered to the Babylonian, or Chaldean, system, which placed Venus and Mercury below the Sun (as we learned from Bede in the preceding chapter, num. 4). For now Alexander the Great, having taken Babylon, had transmitted into Greece the observations made there and recorded for very many years, as may be gathered from Quintus Curtius. And as Pliny relates (bk. 7, ch. 56): "Epigenes teaches that among the Babylonians [there were] observations of the stars of 720 years, inscribed on baked tiles—a weighty author among the first; [those] who [reckon] least, Berosus and Critodemus, [give] 480 years of observations, I understand." Moved, therefore, by these conjectures, and by the authority of certain Peripatetics [commenting] on the books of Aristotle On the Heaven and Metaphysics 12, I elsewhere opined that Eudoxus and Calippus and Aristotle, retaining concentrics, placed the Sun above Venus and Mercury—though now I confess the opposite to be probable. Now let us come to the other part of this system—namely, to the number and office of the orbs by which the motion of the Planets was set forth by them, the distance of them from the earth being retained always of the same interval [i.e., concentric].


[Margin: Eudoxus's concentrics.]



[III.] Concerning the Orbs of Eudoxus, Aristotle (Metaphysics 12, ch. 7, or text 45 & 46) relates thus, with wonderful brevity: "Eudoxus, then, posited that the motion of each—I mean of the Sun and of the Moon—is made by three spheres each: the first being that which would accomplish the motion of the non-wandering [stars]—that is, of the Prime Mobile; the second, for the motion which is made through the circle which is through the middle of the Signs—namely, through the Ecliptic, in longitude; the third, for the motion oblique to the Zodiac, in latitude—and [that] the [sphere] by which the Moon is carried is made oblique by a greater latitude than that by which the Sun is carried." As if indeed the Sun changed somewhat in latitude. "But the motion of the remaining Wandering stars he posited to be made by four spheres each: the first and second [having] the same motion which those [the Sun and Moon] undergo; for both that [sphere] which [has] a motion similar to the motion of the Fixed stars and common to all, and that which is placed below this (and whose motion is through the circle which is through the middle of the Signs), is common to all; but the third sphere of each has its poles in that circle which passes through the middle of the Signs [the Ecliptic]; while the motion of the fourth cuts this circle obliquely and in two ways. And the poles of the third sphere are proper indeed to the other stars, but for Venus and Mercury [they are] the same." From which it appears that one sphere was attributed by Eudoxus to the Fixed [stars], three to the Sun, three to the Moon, and four to each of the smaller Planets [the five]—that is, in all 27; nor [does it appear] that he thought the lower spheres are carried along by the sphere of the Fixed [stars], but [that] the individual Planets [are moved] by their own sphere with a diurnal motion through the Meridian to the West. Moreover, [it appears] that the variation of the obliquity of the Ecliptic and of the maximum declination of the Sun—asserted by some [to occur] at the Solstices—he attributed to a motion of the Sun in latitude: for he did not think (says Simplicius, 2 On the Heaven) that the Sun perpetually proceeds under the Ecliptic. Each Planet, therefore, had one orb for the common motion from East to West; and another for [its] proper motion under the Zodiac toward the East; and a third for the motion of latitude, from South to North—which (as G. B. Amici gathers from Simplicius and Theophrastus, in the opusculum On the motions of the celestial bodies, ch. 1) completed its motion in that time in which each Planet accomplishes its Metabasis (Μετάβασις, "transit/passage") through [its] aspects to the Sun: which time, according to Eudoxus, was—for Venus, 18 months; for Mercury, 110 days; for Mars, 8 months and 20 days; for Jupiter and Saturn, 3 months and 10 days. But the fourth orb—as the same [authors], and Delphinus (ch. 5 On the celestial globes), expound—carried the body of the Planet, and, by resisting the third orb, prevented [it], lest the Planet should reach to the poles of the Zodiac; and therefore the Planet described, by its center, a certain line called by Eudoxus the hippopede (ὑπποπέδη, "horse-fetter" [a figure-eight curve]). And Eudoxus wrote a booklet On Velocities (περὶ ταχυτήτων), and several other [things], which have not reached us. Yet otherwise—from mere conjectures—Fracastoro interpreted Eudoxus and Calippus (in the Homocentrica, sect. 3, ch. 25), whom let [him] consult who delights to amuse himself [with it].


[Margin: Calippus's homocentrics.]



[IV.] But Calippus of Cyzicus, contemporary with Aristotle, added to the homocentrics of Eudoxus some other orbs, likewise concentric to the world. For Aristotle (Metaphysics 12, text 47), where he had set forth the orbs of Eudoxus, writes thus about him: "But Calippus posited the same position of the spheres as Eudoxus—that is, the order of the intervals; and also the same number for Saturn and Jupiter. But he judged that two spheres besides should be added to the Sun and the Moon, if one wished to assign the causes of the [things] which appear to the senses; and to each of the remaining wandering [stars], one [more]." Alas, how meagerly Aristotle [speaks]! But now Eudemus (as Simplicius relates) said this was done by Calippus because he wished to safeguard, in the Sun, the "delay" [dilatio, the inequality] of the Equinoxes and Solstices observed by Almeon and Meton; but others devised other causes (says Delphinus, above)—and in the Moon indeed a certain new inequality, but in Mars, Venus, and Mercury, single [spheres] on account of the stations and retrogressions. Further, from what was said by Aristotle, it becomes manifest that Calippus's spheres were 33—and, with [that] of the Fixed [stars], 34: namely one of the fixed [stars]; four each for Saturn and Jupiter; five each for Mars, Venus, and Mercury; and five each, finally, for the Sun and the Moon. Yet Aristotle reckons 8 star-bearing [spheres] and 25 starless, that is 33, as we shall presently see.


[Margin: Aristotle's counter-revolving [spheres].]



[V.] But at last Aristotle himself, in the same Metaphysics 12, text 47, after the indicated opinion of Calippus about the number of the concentric spheres, involved [enveloped] rather than developed his own opinion too, in these words—and the common translator infused not a little cuttlefish-ink [loligo, i.e., obscurity]; but thus we have more clearly rendered that text: "But it is necessary, if the aforesaid spheres, [being] composed together, must restore each Planet to its pristine place, that to each of them there be subjoined just as many other spheres, one being subtracted, which may revolve [back] and constitute, at the same situation, the first sphere of that star which is ordered below [it]. For only in this way will it come about that [the spheres] accomplish all the motion of the Wandering [stars]. Since, therefore, the spheres in which the stars are carried are eight, but the remaining [are] twenty-five, of these the only ones that do not need a [counter-]revolution are those which carry the body of the Planet, or which are lowest in their order. [The spheres] which revolve back the spheres of the first two [planets] will be six; but [those] which [revolve back the spheres] of the four after them, sixteen; and the number of all—both of those which carry [the planets] and of those which revolve them back—[is] fifty-five. But if to the Moon and the Sun one does not add those motions which we mentioned, all the spheres will be forty-seven." Which words still seem similar to an enigma; but we shall solve this enigma, if [we grasp] Aristotle's—


[…continues on p. 285 (PDF 320): "…meaning…" — Riccioli's unravelling of Aristotle's count of 55 (or 47) homocentric and counter-revolving spheres, with its accompanying diagram.]
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…[we shall solve this enigma, if we have opened up Aristotle's] meaning point by point. First, then, Aristotle, among the partial spheres whose number he inquires, does not number the first—although he supposes it, because, being endowed with a single simple motion, it needs no other orb; and hence it is that he reckons the orbs of Eudoxus endowed with stars [to be] eight indeed, but the anastrous (ἄναστροι, "starless"), that is, lacking a star, or not carrying the body of a star, he numbers [as] 25—whose sum is 33. Secondly, Aristotle adds no counter-revolving [spheres] to the Moon; for although at the end he seems to say that he has added counter-revolving [spheres] to the Moon and the Sun, he by no means says this, but [says] that, if there be not added to the Moon and the Sun [those] counter-revolving [spheres] such as he had added to the first two Planets and to the four remaining, the number of spheres is 47. But why he did not fear, for the Moon, lest it be snatched along by the higher orbs—and therefore [why] it had no need of counter-revolving [spheres]—was perhaps the wonderful velocity of the Moon in its proper motion; or rather because the Moon does not have orbs below it, to which it might communicate its motion. Thirdly, to all the other spheres of the Planets, but [only the] starless [ones], he thinks single counter-revolving [spheres] must be added, which may prevent or compensate the snatching of the higher [spheres]; but to the spheres carrying the body of the Planet, he adds no counter-revolving [sphere]. Fourthly, reckoning the Calippic number of starless spheres, he counts in just as many counter-revolving [spheres] for them: namely 6 spheres for Saturn and Jupiter together; but four each for Mars, Venus, Mercury, and the Sun—and so 16 together; and none for the Moon. Now the Lunar spheres were 5 in Calippus, and the Sun's 5, and Mercury's 5, and Venus's 5, and Mars's 5, and Jupiter's 4, and Saturn's 4. These, then, being reduced to a sum, the Planetary spheres come to 55. Fifthly: because the stations and retrogradations of Mars, Mercury, and Venus were more evident in that age than those motions on account of which Calippus added two spheres each to the Sun and Moon—if one wished to mix the Eudoxan with the Calippic number, and, as to the Sun and Moon, to follow Eudoxus (who gave three spheres to the Luminaries, six taken together), but, as to the remaining Planets, to follow the Calippic number increased by the counter-revolving [spheres], the Planetary spheres come out [to] 47. That this reckoning may appear more evident, we will append the numbers of the spheres according to these three authors.

THE NUMBER OF SPHERES




	Planet
	Eudoxus
	Calippus
	Aristotle: starless
	Aristotle: all (with counter-revolving), Calippic
	Aristotle: all, Eudoxan-Calippic





	Saturn ♄
	4
	4
	3
	7
	7



	Jupiter ♃
	4
	4
	3
	7
	7



	Mars ♂
	4
	5
	4
	9
	9



	Venus ♀
	4
	5
	4
	9
	9



	Mercury ☿
	4
	5
	4
	9
	9



	Sun ☉
	3
	5
	4
	9
	3



	Moon ☽
	3
	5
	4
	5
	3



	Sum
	26
	33
	26
	55
	47



	& with the Fixed [stars]
	27
	34
	—
	56
	48






[Margin: Errors of others in the Aristotelian number of spheres.]



[VI.] Hence you now see how great in reality was the number of spheres for Eudoxus, Calippus, and Aristotle, and how various—according as the sphere of the Fixed [stars] was, or was not, counted in; and according as the Calippic [hypothesis] alone, or [one] mixed from the Calippic and Eudoxan, was employed. Wherefore the numbers of certain [writers] in no way stand, nor can they rest on the Aristotelian text. As when Kepler (in the Commentary on Mars, ch. 2) says of Eudoxus, Calippus, and Aristotle: "For since those authors employed 25 orbs to demonstrate the whole inequality of the Planets, Aristotle—believing the heaven filled with solid orbs—judged that 24 other counter-revolving [orbs] must be interposed, namely that each lower orb might be freed from that snatching which, on account of the contiguity of the surfaces, it was going to suffer from the higher [orb]. Therefore, when he had accumulated in all 49 orbs (or, according to Calippus, 53 or 55), he added single movers to the single [orbs]." But neither John Anthony Delphinus (in the book On the celestial globes and motions, ch. 8), nor Fracastoro (sect. 3, ch. 25)—where they most diligently expound this Aristotelian passage—nevertheless put the correct number. For Delphinus says that for Aristotle there are 55 [spheres] Calippically, but 49 Eudoxanly; yet he correctly numbers the Calippic [ones as] 34 separately, and the Eudoxan [as] 27 with the Fixed [stars]. But Fracastoro does not number 47—rather he omits the second computation of Aristotle. Hevelius too (ch. 7 of the Selenography) badly numbers the Aristotelian orbs [as] 53 or 54. But the Conimbricenses (bk. 2 On the Heaven, ch. 3, q. 8, art. 2) put 47 or 50; and Mastrius and Bellutus (disp. 2 On the Heaven, q. 1, num. 35) put 55 or 57; but all err in something from the true number: for there are, for Aristotle, 55, and with the sphere of the Fixed [stars], 56; but if he should subscribe to Eudoxus as to the Sun and Moon, and to Calippus in the rest, there are 47, and with the sphere of the Fixed [stars], 48.

[VII.] Furthermore, Sosigenes detected many imperfections of this system (as Simplicius narrates), inasmuch as it did not safeguard many Phenomena of the Planets. But certainly in this it most errs—that it uses homocentrics, since, from the diversity of the Lunar parallaxes and of the apparent magnitude of the Planets, it has now become evident, physically and optically, that they are now higher, now lower. Deservedly, therefore—the homocentrics being rejected—it took refuge in the Pythagorean Eccentrics and Epicycles.




Chapter VI, On the System of Averroes, Alpetragius, Delphinus, and Giovanni Battista Amici


[Margin: Averroes's system.]



[I.] How doubtful and inconstant Averroes was in [his] system of the heaven is clear from [his commentary] on 2 On the Heaven, comment 35, and on Metaphysics 12, comment 45, and in the commentaries on the Almagest; for there, as to the order of the Planets, you would not know whether he subscribes to Ptolemy or rather to others—though he inclines to the order of Ptolemy. Yet he contends, with many arguments, to overthrow the Eccentrics and Epicycles, and in their place to substitute the ancient concentrics; and he promises, in that text 35, that—if God should prolong his life—he would treat of that theory of the celestial motions which was cultivated in Aristotle's time, and which he reckons agreeable to Physical principles; but (Metaphysics 12, comment 45), recognizing himself worn out by old age, he despairs of this matter, and exhorts posterity to it, and hopes there will not be lacking [one] who may undertake this task. Nor much after did Alpetragius arise, who applied [his] mind to this. And his work is entitled The Theory of the Planets, Proved by Physical Reasons—because he otherwise suspected that Ptolemy's hypotheses are indeed not theoretically impossible, but repugnant to Physical principles, and impede themselves; granted that, as to the numbers of the motions and the periods of the times, he follows Ptolemy to a hair's breadth. But he himself too, at the end of this work, confesses that many other particulars regarding the motion of the Planets, which are in Ptolemy's Almagest, were passed over by him, because he now saw himself worn out by old age.


[Margin: Alpetragius's system and hypotheses.]



[II.] First, then, Alpetragius teaches that there is given a Ninth sphere, which is moved by the most perfect motion of the prime mobile alone, by one Intelligence, in the space of 24 hours, from East through the Meridian toward the West; and that the same Intelligence impresses on the eight lower spheres its motion, but uniformly-difformly more and more remiss [slowed]; and therefore that the sphere of the Fixed [stars] is moved somewhat more slowly toward the West, and is not wholly revolved to the same Meridian in 24 hours, but in a somewhat greater little-appendage of time; and that yet more slowly is moved the sphere of Saturn, and more slowly than this the sphere of Jupiter, and more slowly than this [the sphere] of Mars, and [more slowly] than Mars, Venus, and [more slowly] than Venus, the Sun, and [more slowly] than the Sun, Mercury, and [more slowly] than Mercury, the Moon—because, on account of the imperfect participation of that impetus, they are more sluggish. And hence [he thinks that] the observers, deceived, supposed the Fixed [stars] and Planets to have a proper motion contrary to the motion of the prime mobile; whereas in reality they are not moved by a contrary motion, but by [a motion] the same in kind, yet slower—and slower, the more they are distant from the—


[…continues on p. 286 (PDF 321): "…sphere of the prime mobile." Then ¶III (Alpetragius on Venus above the Sun, Mercury below; the Arabic laulabina), ¶IV (Delphinus), ¶V (Amici) — ending Chapter VI; then Chapter VII opens, on the homocentric system of Turriano [Della Torre] and Fracastoro.]





(printed p. 286 — Chapter VI concludes with Alpetragius, Delphinus, and Amici; these systems being obsolete, no diagram is given. Chapter VII then opens, on the homocentric system of Turriano [Della Torre] and Fracastoro, recounting Fracastoro's epistle and Turriano's deathbed request and treating the seven orbs of the starry sphere.)

…[are distant from the] sphere of the prime mobile.

[III.] Secondly, he establishes (ch. 8, 9, & 11) that Venus is to be placed above the Sun, but Mercury below, because it [Venus] is revolved more quickly to the same meridian than the Sun, and is therefore nearer to the supreme sphere. And in the same place he affirms that Venus and Mercury have their own light from themselves, and therefore, although Mercury comes between our eye and the Sun, it nevertheless does not obscure any part of the Sun. Further, the slowness and velocity of the motions, all [their] inequality, and the stations and retrogressions, he ascribes to the motion of the poles of each sphere, [the poles] describing various little circles around the poles of the world or of the Ecliptic. But from his Theory it follows that the Planets always preserve the same distance from the center of the world; nor, however, does he bring a cause why they appear now smaller, now larger than themselves. And the Planets describe a certain sphere—in Arabic laulabina [a helix/spiral]—but on the same spherical surface.


[Margin: John Anthony Delphinus's system.]



[IV.] John Anthony Delphinus, of Casale Maggiore, of the Franciscan order, in his book On the celestial globes and motions (from ch. 30), besides the Empyrean, posits a ninth sphere, or crystalline heaven, to which he attributes the office of the prime Mobile; but he will have each sphere to have its own Intelligences moving [it] toward the West through spiral lines. As to the order of the Planets, he follows Ptolemy, but uses concentrics; and the cause why the Planets seem to have a diverse magnitude he attributes to a diverse density and opacity of the air—on account of which, by refraction, the apparent disc of the stars is amplified—and to a diverse disposition of the eyes.


[Margin: Giovanni Battista Amici's system.]



[V.] But Giovanni Battista Amici (in the opusculum On the motions of the celestial bodies, according to the Peripatetic principles, without Eccentrics and Epicycles) defends the counter-revolving [spheres] of Aristotle, and uses homocentrics; and the cause of the diverse apparent magnitude in the same Planet he refers partly to the sight and the fallacy of instruments, partly to the diverse temperament of the air. But in the eighth sphere he admits a proper motion toward the East, and indeed an unequal one. And therefore he posits ten spheres, of which the tenth is the Prime Mobile, the ninth and eighth for the motion of the Fixed [stars]—equal of itself, but per accidens unequal on account of the "titubation" [wobble] or trepidation—exactly as the Alfonsines posited (whose order, too, in placing the Planets, he follows); nor among the superior Planets does he acknowledge others than Saturn, Jupiter, [and] Mars. But the systems of these [authors] are so obsolete that it is not worthwhile to delineate a peculiar figure for explaining them; but let it suffice to have indicated their hypotheses.




Chapter VII, On the System of Giovanni Battista Turriano [Della Torre] and Girolamo Fracastoro


[Margin: Turriano's eulogy, from [the pen of] Astronomy.]



[I.] I will begin from the Epistle which Girolamo Fracastoro of Verona—eminent in the ornaments of Astronomy, Medicine, and Poetry—wrote to Pope Paul III, that he might dedicate to him his Homocentrica. In which, among other [things], he affirms that Philosophy—nay, nature itself, and the celestial orbs themselves—always cried out against the Eccentrics and Epicycles of Hipparchus and Ptolemy; and that therefore many had striven, but with vain labor, to explain the causes of the celestial motions by another way. Then he thus narrates: "In our age, Giovanni Battista Turriano, our [fellow-]citizen—a man of the greatest and almost divine genius, and a cultivator of a certain more secret Philosophy—discovered two admirable motions in the spheres: those (as I think) which both Albategnius and most other Astronomers prophesied to lie hidden in the stars; through which he seemed to himself to have gained an approach to explaining many things, but especially to demonstrating, without any Eccentrics, those [phenomena] which are seen about the stars. Which matter he had begun to turn over in [his] mind with great hope; when—fortune deciding otherwise (better had he said, God)—at the very beginnings he was forestalled by an immature and unexpected death: a youth most flourishing and admirable in age, genius, studies, virtue, and every discipline. And when he was now about to die (just as they relate that the thrice-great Mercury [Trismegistus], dying, asked the friends standing by to be mindful of that ship which he had taught perpetually to ascend and descend in the midst of the ether), so he, turned to us friends who stood by, when he had said many other things, then, looking at me, said: 'I have something, Fracastoro, which I ask of you as [my] last [request].' And when I urged him to speak: 'I would wish you,' he said, 'to be mindful of those circles which Timaeus first cuts into the figure of the letter X, then so twists back that the heads of the lines come together among themselves' (he meant the motions discovered by him); 'then, because death now envies me [this], if I might hope that you would accomplish [it], and that the business, grasped by me, would be perfected—it will be a great consolation to me, [now] dying.' To whom I [answered] that I would be mindful, etc."


[Margin: Fracastoro, a reviver of the Homocentrics.]



[II.] This, then, was the occasion for Fracastoro of thinking out in what way he could explain all the celestial motions by homocentric orbs alone—that is, concentric with the center of the world. But because, to accomplish this, it was necessary to give a reason why the Moon and the other Planets appear sometimes larger, sometimes smaller than themselves—since he could refer this neither to the Eccentrics nor to the Epicycles, as [they were] eliminated from his hypothesis—he tried (sect. 1, ch. 8, & sect. 3, ch. 23, [in chapters] which are entitled "On the diversity of aspect [parallax] in the quadratures, and in the swift and slow motion") to refer the cause to a diversity of the medium: if not of the air, at least of the heaven [which is] somewhere rarer, somewhere denser—the heaven, I say, subject to the Moon, which is so moved that, whenever the Moon is in the quadratures, on account of the refraction of the Solar rays, in the denser but transparent part of that Zone which glides between the Zodiac and the Moon, it exhibits its disc larger than usual as to appearance. But this otherwise so great a man does not seem to have understood what that diversity of aspect [parallax] is, from which Ptolemy shows the diversity of the Lunar distance from the earth; for this is not merely a difference of apparent magnitude, but a difference between the true place and [the place] seen by us from the surface of the earth—[a thing] often set forth by us, but especially [in] bk. 1, ch. 35, and bk. 3, ch. 7, and bk. 4, ch. 13 & 14. Which last places being reread, it will be evident that the difference of the Lunar parallaxes is so great, and such, that its cause cannot be poured back upon the Fracastorian refraction; nor upon the nearness of a greater light, which is the other cause adduced by him. Moreover, Fracastoro supposes the Ptolemaic order of the Planets. Finally, he devises very many Homocentrics, by whose aid the inequality of the proper motion of the Fixed [stars] and Planets may come about—which, briefly, though useless, I shall enumerate.


[Margin: The orbs of the Aplanes [non-wandering sphere] — 7.]



[III.] First, then, for the Aplanes, or sphere of the non-wandering [stars] (sect. 2, ch. 17), he employs 7 orbs. The first and supreme is the Prime Mobile, carrying with it all the lower [orbs], whose most simple motion of 24 hours is made from Rising to Setting through the Equator. The second is the Circumducens [Around-leader], which—carried in latitude through the higher colure from North to South in 3600 years—rolls with it all the lower orbs, except in so far as some counter-carried [orbs] impede it; the circle of whose motion cuts the Equator at right angles and has its Poles in the Equator. The third is the Circitor [Circler], whose circle, subaltern to the lower colure of the Equinoxes, is led around in latitude by the higher circle in 3600 years, but of itself moves all [things] in the opposite direction, and completes 4 degrees in that time in which the Circumducens completes a quarter of its circle. The fourth orb is called Contravectus [Counter-carried] to the Circitor and the Circumducens in latitude, which, through the higher colure—twice as swift as the Circumducens—is carried from South to North. The fifth is the Anticircitor [Anti-circler], which is rolled by the fourth in latitude, always in the direction opposite to the Circitor, and proportionally; whence it comes about that, by its proper motion, it is always opposed to the Circitor in latitude, but agrees [with it] in longitude, and drives [it] into the same [direction]. But lest the Aplanes be moved in latitude—that is, lest the fixed [stars] vary [their] latitude—the Contravectus follows the Anticircitor, which prevents this motion. Lastly, and in the seventh place, is the Aplanes, or the very sphere of the fixed [stars], which of itself, by [its] mean motion, completes one degree in 100 years, but per accidens now more quickly, now more slowly—the period of which inequality is completed in 3600 years.


[Margin: The orbs of the Planets.]



[IV.] But to Saturn Fracastoro attributes 10 orbs (sect. 2, ch. 21); and to Jupiter 11 orbs (ch. 24); and to Mars 9 (ch. 27); but in sect. 3, ch. 10, he gives the Sun 6 orbs, or at least 4; and (ch. 15) to Venus 11 orbs; and (ch. 19) to Mercu—


[…continues on p. 287 (PDF 322): "…ry…" — the remaining homocentric orb-counts (Mercury, the Moon), the total, and Riccioli's appraisal of the Fracastorian system before the next world-system.]
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…[and, ch. 19, to] Mercury, 11 orbs; finally (ch. 24) he assigns to the Moon 7 orbs. Which orbs he names Circitores, Circumducentes, Contravecti, Anticircitores, etc.; to which he adds 7 orbs carrying the bodies of the Planets. Nor is there need to shake out the superfluous furniture of this farrago of solid orbs—since we have already rejected solid orbs (sect. 1, ch. 7), and have confirmed the variation of the distances from the earth in each Planet by far stronger arguments (bk. 7, sect. 6, ch. 1). Wherefore, only for the sake of a little erudition, it is enough to know that the sum of the Fracastorian homocentric orbs ascends to the number 77 or 79; but if you number the starless orbs, Scheiner rightly said [it] to be 70, or at least 72, as is clear from the following little-table.

THE FRACASTORIAN ORBS




	Orb
	Number





	Aplanes [non-wandering sphere]
	6



	Saturn
	10



	Jupiter
	11



	Mars
	9



	Sun
	4 or 6



	Venus
	11



	Mercury
	11



	Moon
	7



	The star-bearing [orbs]
	8



	Sum
	77 or 79








Chapter VIII, On the System of Tycho, Longomontanus, Blancanus, and of many Followers of Tycho


[Margin: Exposition of the Tychonic system.]



[I.] The Tychonic System is proposed and expounded by Tycho himself (vol. 1 of the Progymnasmata, from p. 477, and in the Epistle to Rothmann, given in the year 1589, on the 21st day of February, old style); but more fully [in] vol. 2 of the Progymnasmata, ch. 8, from p. 185. Which system—but with the diurnal motion of the Earth adopted—Longomontanus chose (in the Danish Astronomy, bk. 1 of the Theorics, ch. 1); and Blancanus (in the Sphere), with most of our Society [the Jesuits] in [their] writings on the heaven; and toward it Scheiner inclines (in the Mathematical Disquisitions, num. 22). And afterward Giovanni Antonio Magini commended it (in the Epistle to Tycho, given in 1590, on the Ides of September, which is had on p. 52 of Tycho's own Astronomical Mechanics); and upon it he constructed the tables of the Supplement of Ephemerides. Tycho, therefore—reckoning the assumption of Epicycles with the Ptolemaic Eccentrics [to be] inelegant, nay superfluous, and [reckoning] the Ptolemaic Equants likewise to sin against the first principles of this art (inasmuch as they suppose the Planets to be moved by some physical inequality—that is, not to be moved equally about the center from which they are described, but about an alien center); but, on the other side, offended by the Copernican system—by which the absurdities of the Ptolemaic system are so emended that one falls into a greater absurdity, on account of the diurnal and annual motion of the Earth, against the principles of Physics and the sacred letters [Scripture], and on account of the immense vastness between Saturn and the Fixed [stars]—for these causes, as it were, he turned his mind to another, new system, and set it forth to us in the following diagram.

[II.] In this system the Earth rests by its center in the center of the Universe, wholly immune from the annual motion; and from the same center is described the outermost or supreme sphere of the Fixed [stars], slowly advancing toward the East by an equal proper motion. Moreover, about the center of the Earth are situated the centers of the Orbs of the Sun and Moon, inasmuch as they serve the discrimination of the times; but the centers of the orbs of the five smaller Planets he denies to be situated about the center of the earth, or to regard it per se, but rather to be situated about the Sun, and to measure their Eccentricities from it. For all these five Planets, in this hypothesis, have the Sun, as it were, for the center of their revolutions—so that it [the Sun], like Apollo in the midst of the Muses, moderates the whole harmony of the Planetary choir. Accordingly, hence he hopes that there can be rendered the cause not only of the inequalities, stations, and retrogressions, but also of that admirable connection which the other Planets have, in their motions, with the motion of the Sun; and he promises that he will render [it] in the work On the Restoration of Astronomy. But what is most worthy of note appears in this diagram: that Mars at opposition [acronychal]—namely, when it appears at either extreme of the night, being opposite to the Sun—descends so far toward the earth that it becomes nearer to the earth than the Sun itself; which must happen, both from the hypothesis and observations of Copernicus, and from Tycho's own observations (according to what was said in bk. 7, sect. 2, ch. 3, schol. 4, and sect. 6, ch. 10, schol. 1). Whence it comes about that the circle through which Mars is carried intersects that orb or circle in which the Sun itself is carried; but no physical absurdity arises hence, since for Tycho the whole heaven is liquid and permeable, as I taught (sect. 1, ch. 7).

System IV — The System of Tycho and Blancanus, and (as to some points) of Longomontanus


[Translator's note — engraved diagram: The Tychonic geo-heliocentric system. At the center sits the immobile Earth (a dark disc), girt by the ☽ Moon; about the Earth runs also the orbit of the ☉ Sun. The Sun in turn is the common center of the five planets: ☿ Mercury and ♀ Venus on small circles tight about the Sun, then ♂ Mars, ♃ Jupiter, and ♄ Saturn on larger Sun-centered circles. Mars's circle is drawn crossing the Sun's circle (the feature noted in ¶II — Mars at opposition coming nearer than the Sun). The outermost band is the starry firmament of the fixed stars.]

[Margin: The theft and error of Nicolaus Dithmarsus [Ursus] concerning the Tychonic system.]



[III.] Now indeed, in the epistle to Rothmann numbered 1 (cited above), he [Tycho] complains that this his system was vended [passed off] by Nicolaus Reimarus Ursus the Dithmarsian as his own; and he convicts him of theft, or plagiarism, from this—that Nicolaus had earlier been a servant of Tycho, and had fled from him, and had copied this system for himself from a certain imperfect diagram, in which, however, through carelessness, the orb of Mars encircled the whole orb of the Sun without any intersection; wherefore, since he could not emend that error, he boasted, as his own, the Tychonic system—but stained by this second [error]—before William, Landgrave of Hesse. And so, by this single indication, Tycho there affirms his imposture to be manifest, and Longomontanus [too] (in the preface to bk. 1 of the Theorics). But he [Tycho] adds that he did not, by these his hypotheses, give occasion to the inverted Copernican hypothesis—for he saw no such inversion by himself, but judged [his system established] both by the approach of Mars at opposition [acronychal] toward the earth, and by the Phenomena of the Comets, which (the annual motion of the Earth being excluded) he judged could not otherwise be explained. Granted Rothmann objected this to him—namely, that his hypothesis is Copernican, but inverted—as appears from the Tychonic Epistles, p. 128.


[Margin: The concordance and discordance of the Tychonic and Copernican systems.]



[IV.] But that Scheiner affirms (in the Mathematical Disquisitions, num. 22) that the Tychonic system shares nothing with the Copernican, must be taken with a grain of salt; for that is true as to the annual motion of the Earth, and the rest [quiet] of the Fixed [stars] and their interval, and the other [things] which depend on these; otherwise many [things] are common to both systems: namely, the Sun [is] the center of the Planetary system, the Earth the center of the Lunar motion; Mars, in opposition with the Sun, [becomes nearer to the—]


[…continues on p. 288 (PDF 323): "…lands than the Sun." Then ¶IV closes (whether Tycho admitted the Earth's diurnal motion — Tycho's Epistles to Rothmann, the falling-leaden-globe and cannonball arguments); ¶V (Rothmann's critique of the "confusion of the spheres"); ¶VI (Longomontanus's Semi-Tychonic variant with a rotating Earth); then Chapter IX opens — Riccioli's own system.]
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…[Mars, in opposition with the Sun, becomes nearer to the] lands than the Sun.


[Margin: Tycho admits neither a diurnal nor an annual motion of the earth.]



But whether Tycho admitted the diurnal motion of the Earth is wont to be doubted. For nowhere did he teach by what reasoning the Fixed [stars] and Planets are moved by the diurnal motion; and (vol. 2, p. 187) he seemed to repudiate only the annual motion of the earth, in these words: "That the Earth which we inhabit occupies the center of the universe, and is not rolled by any annual motion (as Copernicus would have it), I judge must be established beyond all doubt—with the ancient Astronomers and the received opinions of the Physicists, the sacred letters moreover attesting the same." And Kepler thought that he did not shrink from this [diurnal] motion. But if those [things] be attentively read which he himself, in the Epistles to Rothmann, contrives against the hypothesis of Copernicus, it will doubtless be judged that all motion was denied to the Earth by Tycho—nay, that he brought a peculiar argument against the diurnal motion, both from the opinion of St. Augustine, and from the perpendicular fall of a leaden globe. For in the epistle of the year 1589, Nov. 24, old style, p. 156, he says: "A question was being moved, whether the mobility of the terrestrial globe—and that threefold [mobility] asserted by Copernicus—can really stand, and whether it ought to be preferred to our [own] invention, and whether the sacred letters are contrary to that imagination, or not. If, therefore, you have anything from the sacred oracles, or from their interpreters—say Augustine or other Fathers—making for this Copernican assertion and your agreement, cite it from their writings. Provided the reasons be just, I will not gainsay [it]. This I know well enough: that Augustine—whom alone you name—never granted the motion of the earth, neither annual nor diurnal; from which [it follows] that, as [being] less of a mathematician, by denying the Antipodes, he detracted from its roundness—which, however, must be pardoned him. Wherefore, since he did not perceive [the earth] to be round, far less could he admit a motion befitting [its] roundness." And at the end of the same epistle he adds: "But since I see that the Copernican opinion about the threefold motion of the Earth quite pleases you, I will propose at least one of any of these [arguments]—although several can be given, [and] the doubt [is] not so laborious. First, as regards the diurnal motion about its axis, by which the Earth is feigned to be revolved in 24 hours, and so the universal course from East to West is excused: Tell me how it can come about that a leaden globe, let down in due manner from a very high tower, should perpendicularly touch exactly the point of the earth placed beneath it; for that this can by no means happen—the earth being meanwhile carried around, since its course is most swift—a Geometrical computation will teach you: since, in a single second of time, the Earth must be revolved—even in these Northern regions—by very nearly 150 paces and a half. Hence reason out the rest. For the fall of the lead does not accompany the air, but violently passes through it." To whom, when Rothmann had replied (epistle of the year 1589, April 18) that, according to Copernicus's opinion, heavy and light [bodies] are endowed with two motions—one by which they follow the motion of the whole into a gyre, the other by which they tend up or down—Tycho again pressed against [him], bringing the other argument concerning the globes [cannonballs] fired from a bombard, one toward the East, the other toward the West, as may be seen in his epistles (from p. 190). Again, in vol. 1 of the Progymnasmata, when he had confirmed that the New Star of the year 1572 was celestial from its diurnal motion (by which it complied with the motion of the prime mobile), he says: "Unless perhaps I should wish to assent that that universal motion takes place in the Earth (as it pleased Copernicus and some of the ancients)—which, however, in the truth of the matter, must by no means be conceded, [otherwise] we shall render [it] abundantly manifest."


[Margin: The Tychonic system [is] defective as to the diurnal motion.]



It must be concluded, therefore, that neither the annual nor the diurnal motion of the Earth ever pleased Tycho. Yet hence it is gathered that his hypothesis is defective, since he never taught how, in a liquid heaven, the stars could accomplish both motions which appear to us, without physical repugnance; which imperfection Galileo too noted (in his Assayer [Trutinator], p. 25); nor did Kepler sufficiently wash away this stain (in the Hyperaspistes, p. 190).


[Margin: The censure of Rothmann and others on the Tychonic system.]



[V.] Rothmann also detected another imperfection in Tycho's system, as he himself relates (in the Epistle of the year 1588, on the 13th of the Kalends of October [Sept. 19])—namely, the confusion of the spheres, especially because Venus, Mercury, and Mars are posited to wander up and down through the heaven of the Sun; for he says: "Moreover, this inverted reasoning of Copernicus introduces confusion into the spheres of the Planets. For although no collision of the celestial bodies can follow from it (as you strive to excuse [it]), nevertheless no true or determinate distinction of the spheres remains, but all are confounded among themselves. But the Copernican hypothesis attributes to each Planet its own and determinate space, out of which it cannot depart by its motion. And you know that God is the author not of confusion but of order, and that He so founded Nature that it abhors confusion." The same is objected against it by Malapertius, Tanner, and Amici (in the places cited, bk. 7, sect. 6, ch. 4, schol. 4), and by Hérigone (vol. 5, p. 548); and moreover [they object] that it is not probable that the larger circles of the 5 Planets are carried around by the smaller circle of the Sun. But to the first objection it is answered by Tycho (p. 149, in the epistle of the year 1589, Feb. 21), in these words: "Nor is any confusion committed in my hypotheses, for the heaven is single and similar to itself from the Moon to the eighth sphere, in which the Planets freely ascend and descend, according as they go around the Sun walking in the middle with a most beautiful harmony. For I do not believe that you wish, again, to introduce some real distinction of the celestial orbs—contrary to which it was long since agreed between us." The second objection too ceases; because the circle of the Sun does not carry the other circles effectively, but objectively, and is the center which the motions of those [planets] regard. Therefore Longomontanus (bk. 1 of the Theorics, ch. 1) extols Tycho's system and hypotheses with wonderful praises—because, in the three superior Planets, the orbs described around the Sun perform the function of the Ptolemaic Epicycles (namely, because the single annual orb of the Sun serves them for a single and great epicycle); but, on the contrary, the Epicycles of Venus and Mercury, described around the Sun, serve them for orbs [deferents]; and so all and each of the smaller Planets have their orbs Eccentric to the Sun.


[Margin: Longomontanus's system, in what it differs from the Tychonic.]



[VI.] But Longomontanus himself judged that the diurnal motion of the Earth should be introduced into the Tychonic system (as Origanus had done): both that, by this single and uniform motion, the apparent motion of the stars toward the West may be represented—while in reality their motion toward the East is single and simple; and that the incredible swiftness of the diurnal motion may be removed from the Fixed [stars]. Nay, he attributes no real proper motion at all to the Fixed [stars] toward the East—for he fears lest hence follow a pulling-apart of them from one another, and a variation of distance, which, however, has never been found to vary; which fear would be vain, and would wholly vanish, if he posited the heaven of the Fixed [stars] solid, and the stars fixed in it. But he himself posits that heaven—not to mention [that] of the Planets—[as] flowing and most limpid, and the individual globes of the stars hanging by libration in the free ether, in that manner in which the earth, balanced, hangs in the air. Accordingly, he attributes the apparent motion of the Fixed [stars] to the precession of the Equinoxes, made [taking place] in the earth. Thus has Longomontanus (bk. 1 of the Theorics, partly ch. 1, p. 161 in my [copy], partly ch. 4, p. 220 in my [copy]). Moreover, since on the same p. 161 he says that the center of the Earth is the center of the Sun and Moon—nay, that their orbs are homocentric to the earth—he alludes to his [own] hypothesis of the Sun and Moon; for he explains the motions not by Eccentric orbs (as Tycho did, at least in [the case of] the Sun), but by a single Epicycle of the Sun carried by a Concentric, and the Moon's motions by twin Epicycles—yet so that the center of the Lunar orb is carried around the earth by a little-circle concentric to the earth, as we have sufficiently set forth (bk. 3 On the Sun, ch. 19, & bk. 4, ch. 26, num. 8, On the Moon). Although, therefore, Longomontanus follows Tycho in the fluidity of the heaven, and in carrying the five smaller Planets around the Sun, but the Sun and Moon around the Earth, and in the very order of the Planets—he nevertheless differs from him, both because he attributes a diurnal motion to the Earth, and transfers to it the apparent motion of the Fixed [stars] toward the East, and because, in [the case of] the Sun, he uses an Epicycle rather than an Eccentric. And therefore it is manifest that Longomontanus's system ought to be called Semi-Tychonic, and not Tychonic.




Chapter IX, On Our [Own] System


[Margin: A summary of our system.]



[I.] After the various systems of the ancients and of the more recent [authors], resting on the immobility of the Earth, two at last seem to me—after the Tychonic—more probable: one semi-Ptolemaic, the other semi-Tychonic, as to the center from which the Eccentrici—


[…continues on p. 289 (PDF 324): "…ties [are measured]…" — Riccioli's exposition of his own two preferred world-systems (the semi-Ptolemaic and the semi-Tychonic), no doubt with their diagram(s).]





(printed p. 289 — Chapter IX concludes with the common frame of Riccioli's system, its two forms — Semi-Ptolemaic and Semi-Tychonic — supported by five reasons, the System V ("Our System") diagram, and the intervals and thicknesses of the heavens. This is the last page of Section III.)

…[the center from which the] Eccentricities of the orbs are to be measured. For as to the order of the Planets, it is plainly Egyptian; and as to the number of the heavens, it differs from each [form]. For in it we place the Earth in the center of the world, immune from all motion; and around it the orb of the Moon, above which the circulation of the Sun is so situated that nevertheless around the Sun Mercury, and around Mercury Venus, is carried—and they are found sometimes above the Sun, sometimes below; then Mars so encircles Venus that, in opposition with the Sun, it comes nearer to the earth than the Sun. Above Mars rises Jupiter, carrying around four satellites, which describe their epicycles around it; and above Jupiter, Saturn, itself also girded with two companions, or side-attendants. All of which, in reality in a single fluid heaven, are freely carried around—through helicoid spirals, or screw-wise, by the Intelligences—by a single motion obliquely toward the West. Above Saturn is the solid sphere of the fixed [stars], by a single spiral motion likewise, [moved] by one Intelligence or by several, exhibiting apparently a threefold motion—namely, in longitude toward the West, in longitude toward the East, and in latitude on account of the variation of declination—which, however, in reality is single, toward the West. Above the sphere of the Fixed [stars] is the aqueous, or crystalline, heaven, for that use which is known to God; and above this, the immobile Empyrean, coruscating with admirable splendor, and the most happy and everlasting dwelling-place of the Blessed.

The arguments for the immobility of the earth we shall adduce in the following section; but for the solidity of the heaven containing the Fixed stars, and for the fluidity of the planetary heaven, I have already adduced [them] (sect. 1, ch. 3 & 7); for the fivefold number of the heavens (the aerial included), see what was said (sect. 3, ch. 1); for the Intelligences moving the heaven, (sect. 2, ch. 1). Further, for the order of the Planets, see what I said (bk. 7, sect. 1, ch. 4); and for the ascent and descent of the Planets, (bk. 7, sect. 6, ch. 1). Now for the exclusion of the diverse orbs or circles, and for the single spiral motion, see what we said (this book, sect. 2, ch. 3, schol. 4, & bk. 6, ch. 18). Finally, for the approach of Mars to the lands, see what was said (bk. 7, sect. 2, ch. 3, schol. 4, & sect. 6, ch. 4, scholium 3, 4, & 5, & ch. 10, scholium 1). But if, with the new stars [satellites]—as some would prefer—a distinct heaven is to be given between the Planetary [heaven] and [that] of the Fixed [stars]; and to the Planets having their Companions [moons], their own heaven is to be assigned separately; and the Aqueous be reduced to the Empyrean—there will be 6 heavens, and 7 great bodies of the world, according to the economy handed down (bk. 7, sect. 6, ch. 4, schol. 5).


[Margin: The first form of the new System.]



[II.] These [things] being supposed, as it were, as the general elements of the mundane system: the first form is the Semi-Ptolemaic, which, namely, employs the center of the Earth as the terminus from which it measures the Eccentricities of the orbs—but in such a way that it describes the Epicycles of Venus and Mercury around the Sun, and supposes the Eccentricities of five (or at least four) Planets, nay also Epicycles not always of the same magnitude, according to the hypotheses already explained (bk. 7, sect. 2, ch. 6, & sect. 3, ch. 6). To which form, indeed, the figure of the Egyptian system set forth in ch. 4 could serve—if Mars, at opposition to the Sun, came nearer to the earth than the Sun.


[Margin: The latter form of the System.]



The second form is the Semi-Tychonic—namely that which, long ago, while I was dictating the treatise On the Heaven at Parma (where I professed Philosophy), I devised: namely, that the Sun should be the center of the motions of Mercury, Venus, and Mars; but the Earth [the center] of the Lunar motion and of the Fixed [stars], and also of the motions of Saturn and Jupiter. To which the following reasons impelled me. First, because I saw that Saturn has its own [planets], and Jupiter its own planets, around themselves, but Mars, Venus, and Mercury [have] none; therefore I esteemed it probable that Saturn and Jupiter exercise their [own] monarchy in the heaven, and are not satellites of the Sun; but that Mars is the greatest satellite of the Sun, inasmuch as it embraces the Earth by its circuit; and that Venus and Mercury are the interior and nearer attendants of the Sun. Secondly, because I saw, in the variation of Eccentricity, a greater connection of Mars, Venus, and Mercury with the Sun, than of Saturn and Jupiter. Thirdly, because I judged that Saturn and Jupiter—slower and more ponderous Planets—have a greater affinity with the most slow sphere of the Fixed [stars], and accordingly with the center of the Earth—since the Fixed [stars] too regard the Earth rather than the Sun in their motion. Fourth, because, since Mars (like Venus and Mercury) enters the heaven of the Sun as to [their] designation [mapping], it seemed far more probable that these three have the Sun as the center of their motion, and that distinct regions of the ether are not to be distributed to them, but a single [one]; but that to Jupiter and Saturn distinct realms are to be ascribed, and so the confusion of the heavens is avoided—[heavens] distinct even by designation alone. Which inclusion of Mars, Venus, and Mercury in the single heaven of the Sun, I see pleased Amici (On the Heaven, p. 285), and Oviedo (the single controversy On the Heaven, p. 468). Wherefore, if we should wish to divide the visible heaven into several regions, we could distribute the first to the Fixed [stars], the second to Saturn, the third to Jupiter, the fourth to the Sun together with Mars, Venus, and Mercury, the fifth to the Moon. Fifth, it is very probable that there is found one among the Planets which is the middle between the superior and the inferior, and which in its motions has many [things] in common with Saturn and Jupiter, [and] many also with Venus and Mercury—namely, Mars. All which [things], when more observations shall have been collected and weighed in vol. 3, will be subjected to examination, that it may be established whether this form satisfies the Phenomena. Meanwhile, let no one of the Astronomers take it ill that it is reviewed by us in this place among the other systems. And the figure of this system is [drawn] below, as to the visible heavens; for around it must be understood the Aqueous, or Crystalline, heaven, and around this the Empyrean.

System V — Our System


[Translator's note — engraved diagram: Riccioli's own geo-heliocentric system. At the center, the immobile Earth (a dark disc), encircled by the ☽ Moon. About the Earth runs the orbit of the ☉ Sun (a radiant face); tight about the Sun ride ☿ Mercury and ♀ Venus, and on a larger Sun-centered circle ♂ Mars (its orbit "embracing the Earth," coming nearer than the Sun at opposition). Higher up, circling the Earth, are ♃ Jupiter (girt by its four satellites on little epicycles) and ♄ Saturn (with its two companions / "ansae"). The outermost band is the starry firmament. Thus Mercury, Venus, and Mars are heliocentric, while the Sun, Moon, Jupiter, and Saturn are geocentric — the three Sun-attendants being "satellites," Jupiter and Saturn "monarchs" with their own moons.]

[Margin: On the interval and thickness of the primary heavens.]



[III.] It must be noted, further, in this our System, that the intervals are not so constructed that the lowest [point] of the concave of Saturn's heaven touches the highest [point] of the convex of Jupiter's, or the lowest of Jupiter the highest of Mars, etc.—as happens in the Ptolemaic hypothesis—but [that] some interval, empty of stars, is left between the Fixed [stars] and the highest [point] of Saturn, namely of at least 9824 semidiameters of the Earth; and between the lowest of Saturn and the highest of Jupiter, an interval of 10045 terrestrial semidiameters. But between the lowest of Jupiter and the highest of Mars the interval is 5310 terr. semid.; and between the lowest of Venus and the highest of the Moon, 1850. Moreover, the thickness of the whole heaven of Saturn, the Satellites being computed, is 32454 semidiameters of the earth; of Jupiter, the satellites computed, [it] is 21361; of the Sun, Mars, Venus, and Mercury, as of a single heaven, [it] is 19091 terrestrial semidiameters. Wherefore the thicknesses of the heavens of these three Monarchs with their satellites stand thus—that, as it were, 32 such [units] befit Saturn, 21 Jupiter, and 19 the Sun with [its] three satellites. But for the interval between Saturn (♄) and Jupiter (♃), and between Jupiter (♃) and Mars (♂), etc. [...] But about these measures you have more, digested into their tables, at the end of bk. 7.


[End of Section III. The page closes with the page-signature "O o" and the catchword "SECTIO" — Section IV (Sectio Quarta) begins on the next printed page. Section III ("De Systemate Mundi circa Terram Immobilem") has run from printed p. 271 through p. 289, presenting the world-systems from the most ancient down to Riccioli's own (the "Ricciolan" semi-Tychonic system). The promised arguments for the Earth's immobility are reserved for Section IV.]




Chapter I, On the Dignity and Necessity of this Treatise; and on the Authors who have undertaken to defend or to attack this System


[Margin: On the dignity of this argument.]



[I.] Now at last we approach the controversy which is, among the Astronomical [controversies], by far the most celebrated—especially in this century—and, by the very nobility of the argument, most apt for raising up minds and sharpening judgments. And so deservedly Seneca (bk. 7 of the Natural Questions, ch. 2), when he had moved the question for what cause Comets, if they consist of thin matter, last so long, and are not dissipated by the diurnal conversion of the heaven—in these words: "But if [Comets] are nothing else than pure fire, and remain for six months, nor does the conversion and velocity of the world dissolve them—[then] those too, the very many [stars] which likewise consist of thin matter, are not on this account shaken apart by the assiduous turning of the heaven"—most shrewdly notes that to the solution of this question pertains another question, most worthy of contemplation, about the motion of the earth; and immediately subjoined: "It will also be relevant to have shaken this [question] out, that we may know whether the World goes around with the Earth standing still, or whether, the World standing still, the Earth turns. For there have been those who said that we are [the ones] whom the nature of things carries, [we] not knowing [it]; and that risings and settings come about not by the motion of the heaven, but [that] we ourselves rise and set. It is a thing worthy of contemplation, that we may know in what state of things we are—whether we have been allotted the most sluggish, or the swiftest, seat; whether God moves all things around us, or [moves] us." Than which nothing more excellent could be said for the excellence of this treatise.


[Margin: On the necessity of this argument.]



[II.] Further, the necessity of settling this controversy is imposed on us—especially in view of the subject of the work undertaken—by the two supreme moderatrices and arbiters of our intellect, Reason and Authority. For, to touch briefly on Reason: nowhere has Astronomy (which is subaltern to Mathematics and Physics) clashed more sharply with the rest of Physics than on the occasion of this controversy. For hence the Philolaics, Aristarcheans, and Copernicans have armed arguments against the constancy and stability of the Earth, from every kind of ancient and recent Phenomena; hence the Peripatetics—and so almost all the Physicists—have called together, from every quarter, the forces and notable properties of the Elements, to fortify and defend the citadel of the Earth. The former, that they might more freely furnish victory and triumph to the novelty of the hypothesis, have also contrived a new Physics of the motion of the Elements and of elementary bodies; the latter, on the contrary, upon the most ancient foundation of Nature, have built up a new mass of more solid reasons against the innovating assaults—so that now not the Astronomers and Philosophers among themselves, nor those fabulous Gods with the Giants, but the heavens themselves with the elements, seem to have fought it out. And the reasons devised on both sides are sometimes of such great subtlety, and the stratagems of sophisms or paralogisms [are] adorned with such a great appearance of truth, that they can deceive even the most cautious [reader], unless again and again he look about himself and them. So that it is by no means wonderful that not only those lightly imbued with the principles of Astronomy, but [those] otherwise most skilled in this sublime science, have neither penetrated the depth of the Copernican hypothesis, nor repelled its falsity by necessary reasons, but by lighter arguments than was fitting. Whence it has come about that the spirits of that sect were raised up, and that it dared, everywhere through Germany, England, France, and even Italy itself, to sing that triumphal "Io!"—and to cast up to the Philosophers, and to some Theologians, [their] inexperience of the celestial as well as the terrestrial revolutions.

[III.] But these [things] would perhaps be tolerable, if these dissensions had not at length come to this—that they bring into peril the Authority (I do not say of Vesta or of the Vestal Priests, but) of the Catholic Church in defining controversies of this kind, nay, even of Sacred Scripture. For indeed, if we shall have granted to the Copernicans that license which they have assumed for themselves—of interpreting the divine letters, and of eluding the Ecclesiastical decrees—it will perhaps not be contained within the bounds of Astronomy alone, or of natural Philosophy, but will be able to be extended, through others, to other and more sacred dogmas too; if, namely, it shall once be permitted, without manifest necessity, to deny the literal sense of the divine codex. But that there is no necessity of receding from it—whether from the principles of Astronomy or of Physics—will hereafter have to be shown by us, however much of genius and artifice the hypothesis of the moved Earth may display. Which, before I undertake to do, I think the chief Authors must be reviewed beforehand—both those who have written for Copernicus's suppositions, and those who [have written] against them, and have hitherto come to my hands—besides those who have built their own opinions upon this hypothesis [as] already supposed.

Authors for Copernicus's Hypothesis

[IV.] Copernicus himself (in the Epistle to Paul III, and On the Revolutions bk. 1, from ch. 5 to 11, and bk. 3, from ch. 3, and bk. 5, ch. 2 & 3); Georg Joachim Rheticus (in the First Narration on the books of the Revolutions of Copernicus, his teacher, with the preface and additions of Maestlin); John Kepler (in the Prodromus, or Cosmographic Mystery, with the Appendix of Michael Maestlin to the same Prodromus; and in the book On the New Star, ch. 15 & 16; and in the Introduction to the Commentaries on Mars; and in the Epitome of Copernican Astronomy, especially bk. 1, part 3, and the whole of bk. 4); Christoph Rothmann (in the Epistles to Tycho, especially [that] of the year 1590, April 18, which is had on p. 284—although he afterward "gave his hands" [submitted] to Tycho, as Tycho relates in the Epistles, p. 92); Galileo Galilei (in the four Dialogues on the two greatest World-systems, the Ptolemaic and the Copernican, first published in Italian in the year 1632, but afterward, now given Latinity, published at Lyons in the year 1641—where, although he professes that he proposes the reasons on both sides non-committally, yet he absolutely concludes that, if one must stand by mere reasons, the Copernican hypothesis is to be adhered to); William Gilbert (bk. 6 On the Magnet—an asserter, however, only of the diurnal motion); Paolo Antonio Foscarini the Carmelite (in the Epistle to Sebastiano Fantoni, the General [of the order], on the mobility of the Earth and the stability of the Sun, which David Loteus rendered into Latin); Diego de Zúñiga (in the Commentaries on Job); the Aristarchus Revived, published at Paris with the author's name suppressed; the Philolaus published in the same place in the year 1634—but [the one] whose author Ismaël Bullialdus indicates himself [to be] (in his Philolaic Astronomy, bk. 1); Jacob Lansberge (in the Apology for the commentations of Philip Lansberge on the diurnal and annual motion of the earth, against Libert Froidmont's Vesta, or Anti-Aristarchus, and against Giovanni Battista Morin); Pierre Hérigone (vol. 5 of the Mathematical Course, bk. 2 of the Theorics); and Pierre Gassendi (both in the Astronomical Institution, bk. 3, and in two Epistles—but especially the second, On motion impressed by a translated mover; at the end of which, however, he subjected his intellect, captive, to the Ecclesiastical decrees). But René Descartes too inclines to this opinion (part 3 of the Principles of Philosophy).


[…continues on p. 291 (PDF 326): the catalogue of Authors who wrote against the moved-Earth hypothesis (Aristotle, Ptolemy, Tycho, Chiaramonti, Scheiner, Froidmont, Inchofer, Kircher, etc.); then Chapter II opens, on the authors who attributed a diurnal whirling to the Earth.]
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Authors who have written against the Hypothesis of the Moved Earth

[V.] Aristotle (2 On the Heaven, from ch. 12, or from text 71, and again from text 96; and there Simplicius, Philalthæus, the Conimbricenses, Rubius, and very many other Peripatetics); Claudius Ptolemy (bk. 1 of the Almagest, ch. 5 & 7; and there Theon of Alexandria); Regiomontanus (in the Epitome of the Almagest, bk. 1, conclusion 3 & 5); Alfraganus (difference 4); Macrobius (bk. 1 on the Dream of Scipio, ch. 22); Cleomedes (bk. 1 of the Cyclic Theory, ch. 9); Pierre d'Ailly (q. 3 of the Sphere); George Buchanan (bk. 1 of the Sphere explained in verse); Maurolyco (dialogue 1 of the Cosmography, from p. 9); Clavius (on the Sphere, from p. 143 & 195); Barozzi (bk. 1 of the Cosmography, p. 33); Michael Neander (in the Elements of Astronomy, p. 40); Telesio (bk. 2 On the Heaven); Martinengo (in the Great Gloss, from p. 320); Justus Lipsius (bk. 2 of the Physiology, diss. 19); Christoph Scheiner (in the Mathematical Disquisitions, from num. 13); Tycho (in the Epistles, pp. 129, 147, 149, 157, 166, 185, 188; and vol. 1 of the Progymnasmata, pp. 406, 549, 658, 660, 684; and vol. 2, ch. 8); Alessandro Tassoni (bk. 4 of the Diverse [Thoughts], q. 25); Scipione Chiaramonti (in the Antiphilolaus, and in the Defense of the Anti-Tycho against the Author of the two systems, namely Galileo); Melchior Inchofer (in the Tractatus syllepticus); Libert Froidmont (in his Vesta); Jacobus Acarisius, Bishop of Vesta [Vestanus] (in the 4th lecture, On the rest of the Earth and the motion of the Sun); Giulio Cesare Lagalla (On the phenomena in the orb of the Moon, ch. 7); Adam Tanner (On the Heaven, q. 9; and vol. 1 of the Theology, disp. 6, q. 4, d. 3); Bartholomeo Amici (On the Heaven, from p. 284); Antonio Rocco (Philosophical Exercise 6 & 7); Marin Mersenne (on ch. 1 of Genesis); Georgius Polaccus (in the Anti-Copernicus); Athanasius Kircher (On the Magnet, from pp. 539 & 581); David Spinelli (in his Jupiter among the Ethiopians); Juan de Pineda and Jean Lorin (on ch. 1 of Ecclesiastes); Bartholomeo Mastri and Bonaventura Belluto (disp. 1 On the Heaven, q. 2 & q. 4, art. 3); John Punch (disp. 22 of the Physics, q. 9); J. A. Delphinus (On the celestial globes, ch. 18); J. Elephantutius (in the Structure of the Universal Orb). But those who contended at greater length against that hypothesis were Tycho, Chiaramonti, Scheiner, Froidmont, Tassoni, Inchofer, and Polaccus.




Chapter II, On the Authors who attributed to the Earth a Diurnal Whirling around its own center and axis


[Margin: Nicetas's opinion.]



[I.] That diurnal conversion, completable in 24 hours—by which all the stars, whether non-wandering or even wandering, seem to be rolled down from the East through the Meridian into the West, and thence to return to the East through the Midnight [lower meridian]—appears indeed in the stars, but in reality comes about through the motion of our Earth, carried around toward the East about its own center and axis, and going around to meet the stars themselves [which seem to be] circling [the opposite way]: this the most ancient Authors of old asserted, about whom Copernicus (bk. 1, ch. 5) speaks thus: "Of this opinion, indeed, were Heraclides and Ecphantus the Pythagoreans, and Nicetas of Syracuse (in Cicero), turning the earth in the middle of the world. For they thought that the stars set by the interposition of the earth, and rise by its withdrawal." But he [Copernicus] does not designate the sources whence he derived these [things]; but they are, namely, Cicero (2 of the Academic Questions), who, when he had said: "Do you not also say that there is, opposite to us, on the contrary side, a land [people] who stand with opposed footprints against our footprints, whom you call Antipodes? Why are you more angry at me, who do not spurn these [things], than at those who, when they hear [them], judge you to be senseless?"—immediately subjoined: "Nicetas of Syracuse, as Theophrastus says, thinks that the heaven, the Sun, the Moon, the Stars—in short, all things above—stand still; nor that anything in the world is moved except the earth, which, when it whirls and twists itself around [its] axis with the highest velocity, brings about all the same [appearances] as would be produced if, the earth standing still, the heaven were moved." And some think that Plato too says this in the Timaeus, but a little more obscurely. But about Plato we shall inquire a little below. Again, the same Cicero (1 of the Tusculans): "Nicetas of Syracuse first made the Earth move." But in bk. 3 of the Opinions of the Philosophers [Plutarch's Placita], ch. 13, Plutarch relates these [things]: "Heraclides Ponticus and Ecphantus the Pythagorean do indeed set the earth in motion—yet by no means progressively, but, like a wheel resting on its own axle, [they hold it] to be turned from West to East around it. Democritus [held that the earth] was, from the very beginning, much-wandering, both because it was small and because it was light; but, as time proceeded, [being] condensed, it stood balanced by its own mass." And (ch. 17): "Seleucus the Mathematician, also moving the earth, says that the revolution of the Moon goes to meet its [the earth's] whirling and motion; by which impetus the breath [air], collecting itself between these bodies and rushing into the Atlantic, probably stirs up the seas." That Plato was once of the same opinion, we have already heard above from Cicero; but a much more ancient witness, Aristotle, seems to have said the same (bk. 2 On the Heaven, text 75): "But some," he says, "say that it"—namely the Earth—"lies in the center, yet is turned, and is moved about the ever-immovable pole, just as is written in the Timaeus." And so about Plato think Rheticus (in his First Narration), Gassendi (Epistle 2, On impressed motion), and others.


[Margin: The genuine opinion of Timaeus and Plato.]



[II.] To me, however, reading through Plato's Timaeus, it could never be persuaded that this opinion about the whirling of the earth was Platonic—since Plato speaks under the person of Timaeus: for in that dialogue the first [parts] of discoursing about the generation of the World and of its parts are entrusted to Timaeus by Critias, with Socrates agreeing. For Critias had said: "Consider, Socrates, whether we have suitably arranged the mutual banquet for you: it has seemed [good] to us that Timaeus—as being the most skilled of us all in Astronomy, and most versed in knowing the nature of things—should discourse first, in such a way that, beginning from the generation of the World, he may come down to the nature of the human race, etc." And after a few [words] Socrates replies: "You seem to me to have prepared a copious and splendid table of disputation: it is therefore your office, O Timaeus, etc." Timaeus, therefore, beginning from the generation of the World, and expounding the eight intervals of the spheres according to harmonic proportions, acknowledges two motions in the heaven: one exterior, from East to West, which he attributes to the outermost sphere and not to the Earth; the other interior, from West to East, which he ascribes to the seven spheres of the Planets. And his words about the heaven are these: "Of the circles, the one he made exterior, the other interior. The exterior motion indeed he named [the motion] of the Same nature, but the interior [the motion] of the Other; and that which was akin to itself, of the Same nature, he bent toward the side, to the right part—namely toward the West; but that which [was] of the Other, [he bent] through the diameter to the left; but he gave the primacy to the agitation which was similar and of the Same nature. That one he never left alone, undivided—that is, simple and uniform. But the interior, when he had divided it six times, and had made seven unequal orbs by double and triple intervals (since they are three each—that is, endowed with three motions: lengthwise to the right, lengthwise to the left, and breadthwise toward the poles of the world)—he ordered the orbs to accomplish [their courses] by mutually contrary courses of each; and, of the seven inferior [orbs], three indeed by an equal velocity—namely the Sun, Mercury, Venus—but four to be turned, both with respect to themselves and to the rest, by a velocity unequal indeed, yet a fitting one." And, a few [words] being interposed, he pursues the same motions, saying: "But when God had made seven bodies of stars of this kind, he applied [them] to just as many orbs, which are turned by the circuit of the Other and diverse nature. The Moon he placed in the first circuit above the earth, in the second the Sun. Then he fixed the globe of Lucifer [Venus], and the star sacred (as it is said) to Mercury, to circles equal [to the Sun] in velocity, but contrary to it in power; whereby it happens that these stars—the Sun, Lucifer, and Mercury—overtake one another and are by turns overtaken by each other. But the orders and progressions and accounts of the other stars, if anyone should wish to run through [them] entirely, the labor will be more than [the gain] which would be taken for the sake of the work." And soon, expounding how the Planets, by [their] oblique motion through the Zodiac, seem to be carried by a motion contrary to the eighth sphere, he says: "That they held this tenor—namely, that, according to the oblique agitation of the Other and diverse nature, subordinated to the agitation which is uniform and of the Same nature, the [orbs]—


[…continues on p. 292 (PDF 327): "…orbs [revolve]…" — the rest of Plato's Timaeus passage, then Riccioli's argument that the diurnal motion is there assigned to the heaven (the circle of the "Same"), not to the Earth — so the rotating-Earth view is not genuinely Platonic.]
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—those orbs should traverse partly a wider, partly a narrower circle; and that those of a smaller [circle] should revolve more swiftly, those of a greater more slowly. But according to that common and uniform motion [the motion of the "Same"], the [orbs] which most swiftly run their course seem to comprehend [overtake the others], while [those overtaken] seem to be comprehended by the slower. That upper whirling, revolving all their circles by a varied circuit—because these [orbs] are agitated by two contrary motions at once—declared that [orb] which recedes least from itself (which is the swiftest) to be the nearest: namely Saturn's. And that there might be some most certain measure of their swiftness and slowness, and that out of all the eight motions a choral dance might come forth into the light, God kindled a most brilliant light in the second circle from the earth, which we now call the Sun." Could Timaeus—and therefore Plato—have declared his mind to us in clearer words, as to that which we seek? namely, whether the apparent motion of the Prime Mobile is accomplished by the whirling of the earth, the lowest globe; or rather by the eighth circle, the outermost of all? By no means [the former], say I: but neither in the Epinomis does Plato acknowledge in the eighth sphere a proper motion, but only the common one toward the West; wherefore, if he had ascribed this motion to the Earth, he would not have described to us a simple motion, and one of the same nature, in the eighth sphere, nor would he have called the motion of the Planets contrary to it.


[Margin: The Cube Timaeus assigns to the Earth.]



But why [say] more? Does not Timaeus the same—that is, Plato speaking in the person of Timaeus—when he had undertaken [the task] of distributing the five regular bodies to the heaven and the elements, say in most express words: "Let us assign the cubic shape to the Earth: for of all four [elements] the earth is the most immovable, and the most compact of all bodily things; and such a one it necessarily had to be made, which possesses the firmest and safest bases." And therefore Plutarch (bk. 2 of the Placita, ch. 6), reporting Pythagoras's opinion about assigning the Cube to the Earth, said: "Plato in all these [things] pythagorizes." Whence perhaps flowed that rite, that the cube should be the symbol of the immovable earth, and that the priests, sitting, should sacrifice to Ops—that is, to the resting earth. Wherefore Marsilio Ficino, most skilled indeed in the Platonic doctrines, in his Compendium on the Timaeus, ch. 25, established that the Earth is immovable according to [Plato's] own opinion. But whence, you will ask, [comes] that suspicion of a motion of the earth asserted by Timaeus—or, as Cicero says, somewhat obscurely indicated? I would believe [it comes] from those words: "But our nourisher the Earth, bound about the pole extended through the universe, He willed to be the maker [effectrix] of day and night, and the guardian, and indeed the first and most ancient of all the gods, etc. But the dances of these gods, and the encounters among themselves, etc." But by these last words he does not place the earth among the moving gods—which a little after he establishes to sit upon the cube, unmoved—but [places there] the souls and intelligences of the celestial bodies: nor on that account does he call it the maker of day and night because by its own conversion it goes to meet the Sun, but because, casting by its opacity a shadow into the part opposite to the Sun, it makes night in that hemisphere of its own. And perhaps Aristotle, in that text 75 of the second [book] On the Heaven, does not adduce Timaeus for the motion of the earth, but for the immobility of the axis and pole, about which others said it was moved. It therefore still remains in doubt what Cicero attributes to Timaeus; and it is far more likely that neither Timaeus nor Plato, at least in this place, gave any motion to the Earth; and therefore Laërtius is to be corrected, who (bk. 3, in the Life of Plato), from the aforesaid passage of Timaeus badly understood, says concerning Plato's opinion: "That the Earth is the most ancient of all [the gods] that are in the heaven. And that it was founded, that it might vary the times and changes of day and night: [and] that, since it is in the middle, it is moved about the middle."


[Margin: Nicolaus Cusanus's opinion.]



[III.] Yet besides the ancients, not a few of the more recent [authors] attributed to the Earth this single motion—namely not τῆς φορᾶς [tēs phoras], that is, of translation [progressive transport], but τῆς δινήσεως [tēs dinēseōs], that is, of whirling or diurnal vertigo. Nicolaus Cusanus the Cardinal (bk. 2 of the Learned Ignorance, ch. 11), where he says: "The earth, therefore, which cannot be the center, cannot lack all motion"; and again: "From these [things] it is indeed manifest that the earth is moved: and since we have experienced, from the motion of a Comet, that the elements of air and fire are moved, and [that] the Moon [moves] less from East to West than Mercury or Venus, or the Sun, and so by degrees: hence the earth itself is moved still less than all [of them]." And a few [words] being interposed: "Although the earth is, as it were, a star nearer to the central pole, yet it is moved, and does not describe the least circle in [its] motion." And (ch. 12): "To these things now said the ancients did not attain, because they were deficient in learned ignorance. Now it is manifest to us that this earth is in truth moved, although this does not appear to us, since we do not apprehend motion except by a certain comparison to a Fixed [point]; for if someone were ignorant that the water flows, and did not see the banks, existing in a ship in the middle of the water, how would he apprehend the ship to be moved? And on account of this, since it always seems to anyone—whether he himself be on the earth, or on the Sun, or on another star—that he himself is in a center, as it were immovable, and that all other things are moved: he certainly, existing in the Sun, would always constitute for himself other and other poles; and others on the earth, and others on the Moon and on Mars, and so of the rest. Whence the machine of the world will be, as it were, having its center everywhere and its circumference nowhere; since the circumference and center is GOD, who is everywhere and nowhere."


[Margin: The same author's sounder opinion.]



Yet this author seems, in these same places, to attribute a certain motion of translation to the Earth; but elsewhere—either forgetful of himself, or repugnant to himself, or having felt better things—in bk. 7 of the Exercitations, in the sermon which begins "We are debtors," where he says: "For prayer is more powerful than all creatures: for the Angels or Intelligences move the orb, the Sun, the stars; but prayer [is] more powerful, because it impedes the motion; just as the prayer of Joshua made the Sun stand still." From this, however, he seems to have taken the similitude of those existing in a ship; and thence [took] the argument for


[Margin: Copernicus's opinion.]



the diurnal motion of the earth Copernicus, who, when in bk. 1, ch. 5 he had said: "Although it is generally agreed among authors that the earth rests in the middle of the world, so that they think it inconceivable, and even ridiculous, to feel the contrary. Yet if we consider the matter more attentively, this question will appear not yet settled, and therefore by no means to be despised. For every change which is seen [to be] according to place is either on account of the motion of the thing observed, or of the observer, or certainly an unequal change of both: for among [things] moved equally toward the same [things], no motion is perceived—between the thing seen, I mean, and the seer. But the Earth is [the place] whence that celestial circuit is beheld, and reproduced to our sight: if, therefore, some motion be assigned to the earth, it will appear in all the [things] which are outside, but toward the opposite part, as though they were passing by—such as is, in the first place, the daily revolution." Afterward (ch. 8), the argument from the spherical figure of the earth—most apt for motion—he glides over entirely into Niceta's opinion, and says: "Whether, therefore, the world be finite or infinite, let us leave [that] to the disputation of the Natural Philosophers: holding this for certain, that the earth, enclosed by [its] poles, is bounded by a globose surface. Why, then, do we still hesitate to concede to it the mobility congruent by nature to its [own] form, rather than that the whole world should glide, whose end is unknown and cannot be known? and [why do we not] confess that of the daily revolution itself there is in the heaven an appearance, and in the earth a truth?" Not therefore by doubting only, or by speaking hypothetically, but absolutely,


[Margin: He establishes the motion of the Earth not hypothetically only, but absolutely.]



Copernicus asserted this motion of the earth, and tried to confirm it by many arguments throughout that whole ch. 8—which arguments, indeed, we shall expound and dissolve below. And so he concludes that chapter, saying: "You see, therefore, that from all these [things] the mobility of the earth is more probable than its rest, especially in the daily revolution, as being most proper to the earth."

[IV.] After Copernicus, as to the diurnal motion of the earth, there subscribed: William Gilbert, the London Physician, in his new Physiology on the Magnet and magnetic bodies (bk. 6, ch. 3), where, having praised Heraclides Ponticus, Ecphantus, Niceta, Aristarchus, Philolaus, and Copernicus, he says: "It is therefore an ancient opinion, brought down from ancient times, but now augmented by great cogitations, that the earth is wholly carried around by a daily revolution in the space of 24 hours"; and below he concludes: "Wherefore we are carried by the diurnal rotation of the earth (by a more fitting motion, namely); and just as a skiff is moved upon the waters, so we are turned about together with the earth, and yet we seem to ourselves to stand still and to rest." Which motion he then contends comes about from the magnetic virtue of the earth (ch. 4); and he dissolves, or strives to dissolve, the reasons of those denying the earth's motion (ch. 5); and the cause of the determinate time of 24 hours, in which this revolution is accomplished (ch. 6), he ascribes to the magnetic confederation of the Earth and the Moon—these globes being promoted [in motion] by the Sun according to the proportion of their orbs.


[Margin: Origanus, Longomontanus, Argolus — asserters of the Earth's diurnal motion.]



Finally, Copernicus and Gilbert in this were followed by David Origanus (vol. 1 of the Ephemerides, in the dedicatory Epistle); Christian Severin Longomontanus (in the Danish Astronomy, bk. 1 of the Theorics, ch. 1 & 4); Andreas Argolus (in the Pandosion sphæricum, ch. 3). Not Tycho, however, whatever some have feigned—whom we have nevertheless sufficiently refuted (sect. 3, ch. 8, num. 4). But besides these, all who [attributed] the an-
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—nual [motion] to the Earth granted also the diurnal in addition—whom we shall review in the following chapter. Although Seneca, on the occasion taken from the diurnal motion of Comets, raised a doubt about this motion of the earth especially (as is clear from his words, adduced in this section at the beginning of the first chapter), the same [Seneca] nevertheless, in the book On Providence, ch. 1, following the sound and common opinion, said:


[Margin: Seneca an asserter of the earth's stability.]



"This order of [things] is not [the order] of erring matter, nor do [the things] that have rashly come together hang [together] by such great art, that the heaviest weight of the lands should sit unmoved, and behold about itself the flight of the hastening heaven."




Chapter III, On the Authors who, besides the Diurnal Whirling, ascribed also the Annual Translation to the Earth; where, in passing, [it is asked] concerning Vesta — whether she was Earth or Fire


[Margin: Pliny, bk. 2, ch. 23.]



[I.] It pleases [me] in this place to make use of that Plinian [saying] (Pliny bk. 2, ch. 23): "It is wonderful whither the wickedness of the human heart proceeds, [once] enticed by some tiny, unaccustomed success." The Pythagoreans had seen someone of their own sect—namely Ecphantus—happily represent, by the diurnal motion of the earth, the same phenomena which others had furnished by the diurnal revolution of the stars; hence, therefore, a step being taken with greater daring, they added to it the annual translation also, which is commonly ascribed to the Sun—placing the Sun, as the fountain of heat and light, immovable in the center of the Universe. Of whom the first I find to have been Philolaus, about whom Plutarch (bk. 3 of the Placita Philosophorum, ch. 11) reports these [things]: "The emulators of Thales said the Earth [is] in the middle. Xenophanes [said it was] first rooted into the infinite. Philolaus the Pythagorean [said] the middle [is] fire—namely the hearth of the universe; the second [he called] the antichthon, that is, the earth of the Antipodes [counter-earth]; the third [is that] which we inhabit, situated both over against the antichthon and turning about it; which is the cause why those who inhabit that [earth] are not seen by us." And (ch. 13): "The rest said the earth remains [at rest]; but Philolaus the Pythagorean [said] it is turned about the fire in an oblique circle, in like manner as the Sun and Moon." But with Plutarch agrees Diogenes Laërtius (in the Life of Philolaus), [though] he indicates only the motion of the prime mobile [as belonging to it]. He thinks all things come about by harmony and necessity; he says the Earth is moved according to the first circle: others affirm that Niceta of Syracuse felt this. From which [authors] is better understood that which Aristotle (bk. 2 On the Heaven, text 72) narrates in these words: "Whereas most [of those] who say that the whole heaven is finite assert that the earth lies in the middle, those, on the contrary, who dwell about Italy, and are called Pythagoreans, say [otherwise]. For they say that in the middle there is fire, and that the earth is one of the stars, and, being carried circularly about the middle, makes night and day. Moreover, they construct yet another earth opposite to this, which they name the antichthon [counter-earth]—not accommodating their reasons and causes to the phenomena, but rather drawing the phenomena themselves toward certain opinions and reasons of their own."


[Margin: Philolaus's opinions about the Earth.]



Among these reasons, [Aristotle] mentions in the first place (text 73) that one which was drawn from the dignity of place: namely, that to the most honorable of bodies belongs the most honorable region, and that fire, or the Sun, is nobler than the earth; and he subjoins: "Moreover the Pythagoreans indeed, because it most befits that that which is most principal in the Universe be preserved [in the chief place], and the middle is such [a place]—[therefore] they said that the fire holds this region, which they name the 'prison of Jupiter,' or his 'guard-house.'"


[Margin: The opinion of Aristarchus of Samos.]



[II.] Nor indeed in Italy only, but in the island of Samos also—from which we know Pythagoras to have sprung—did Aristarchus, himself too a Samian, teach the same opinion about the motion of the Earth, more than a hundred years after Philolaus: for that this Aristarchus flourished in the year 44 from the death of Alexander the Great, or about the year 280 before Christ, is gathered from Ptolemy (bk. 3, ch. 2). Now concerning Aristarchus, Archimedes in the Sand-Reckoner speaks thus: "These [are the things] which, in those [writings] that have been written by the Astronomers—namely about the Earth resting in the middle of the world—Aristarchus of Samos, refuting [them], set forth [as] certain hypotheses, from which it follows that the World is manifold compared with the World as [commonly] set forth. For he supposes the non-wandering stars and the Sun to remain immovable, but the earth to be carried about the Sun according to the circumference of a circle which is established in the mid-course [of the heaven]. And [he supposes] the sphere of the non-wandering stars, situated about the same center as the Sun, to be of so great a magnitude that the circle in which he supposes the earth to be carried round has the same proportion to the distance of the non-wandering stars


[Margin: Archimedes' censure of Aristarchus.]



as the center of a sphere has to its surface." But this Archimedes at once disapproves, saying: "This, however, is impossible: for since the center of a sphere has no magnitude, it must not be supposed to have any ratio at all to the surface of the sphere." With these sayings of Archimedes those things excellently agree which Plutarch, under the person of Lucius, speaks in the little work On the Face in the Orb of the Moon, thus:


[Margin: Cleanthes' censure of Aristarchus.]



"Ho there—[do not let us] make ourselves guilty of impiety, in that manner whereby Cleanthes thought that Aristarchus of Samos ought to be arraigned by the Greeks for [the crime of] violated religion, as though he had moved the Hearth of the Universe [Vesta] from its place: because that man, attempting to defend the phenomena of the heaven by certain reasonings, had supposed the heaven to rest, and the earth to be rolled along an oblique circle, while at the same time it is turned about its own axis." From which passage of Plutarch it came about that


[Margin: What and where Vesta is.]



Kepler, fearing for himself from the Ecclesiastical censure cast at him by Chiaramonti on account of his asserting the motion of the earth, said (in the Hyperaspistes, bk. 3, ch. 22, p. 183): "The hypotheses which I follow, if it shall have thundered upon [me] with the snatched-up dart of Jupiter—if it shall write that I am to be charged, as Cleanthes once [charged] Aristarchus, with violated religions, the sacred Hearth [Vesta] being moved from its place—[the doctrine] will abundantly satisfy the Astronomers, the equivalence [of the hypotheses] having been demonstrated in the Commentaries on Mars, inculcated in the Harmonics, [and] employed in this very little book."

[III.] But now Plutarch invites me, that on this occasion I should inquire what divinity Vesta was among the Heathen, and in what place she stood—certain [matters] in favor of this Pythagorean fiction about the place or motion of the Earth: in which very question we shall find certain opinions, sprung (if I am not mistaken) from the opinion of the Pythagorean about the place of the earth. For all [the ancients] willed Vesta to be at rest in the center of the world; therefore those who thought the earth to settle in this center, supposed the Earth too to be that same Vesta; but those who believed the center of the Universe to be held by Fire, or by the Sun, they likewise took Vesta for the perpetual and immovable fire. Of the first opinion were those who said her to be the sister of Ceres and Juno, born of Rhea (Ops) and Saturn; as Apollodorus (bk. 1 of the Library), with whom Ovid agrees in the Fasti: "From Ops they record that Juno and Ceres were created / by the seed of Saturn; the third was Vesta."


[Margin: Plato's opinion about Vesta.]



[He] who also in Metamorphoses 1 sings: "The earth stands by its own force; by standing [vi stando] it is called Vesta." But before him Plato, in the Phaedrus, when he had said that the eleven Gods, with Jove as choir-leader and fore-dancer, advance and follow his chariot, subjoined, excepting Vesta: μένει μὲν Ἑστία ἐν θεῶν οἴκῳ [menei men Hestia en theōn oikō]—"for Vesta alone remains and stands fast in the house of the Gods": and again (bk. 12 On Laws), "The Earth and Vesta is a sacred dwelling-place to all the Gods." To which point [look] those words of Arnobius (bk. 3 Against the Heathen): "Some pronounce the Earth [to be] Vesta, because it alone stands in the world, the other parts of it being established in perpetual mobility." Servius too (on Aeneid 1) thinks she was called Vesta because she is clothed [vestita] with various things; "she herself, I say," says he, "is said to be the Earth." Some of the Greeks also,


[Margin: (continued)]



as Lipsius notes (in the book On Vesta, ch. 1), think she was called Vesta παρὰ τὸ ἑστάναι ὅ ἐστιν ἐν ἑνὶ τόπῳ [para to hestanai, i.e. "from standing in one place"], because she subsists in one place. And in Festus certain [authors] call her, for this cause, Stata Mater [the "Standing Mother"]. Lipsius also adduces those verses of Pindar: "And Mother Earth, and Vesta, by the wise / art thou surnamed, and a seat in the very air." Nor does it stand in the way that Fire too is attributed to Vesta; for this can be understood of the subterranean and perpetual fire, although exhaling through various chasms, or of the fire [kept] in the earth and preserved by the earth—as Servius notes, saying: "For Vesta is said to be the Earth, which there is no doubt has fire, as is given to be understood from Aetna and Vulcano [the volcanic isle]." To this make also the words of Phurnutus [Cornutus] to [the same effect as] Lipsius: "That the divine fire which is in the world is nourished from this [Earth], and subsists through it; or that the fertile Earth is the mother also of animals, to which the fiery force is the cause of life": or certainly—as Dionysius of Halicarnassus reports (bk. 2 of the Antiquities)—"The sacred fire belongs to Vesta, because, since Vesta is the Earth, [and] she holds the middle place of the world, she kindles from herself the up-
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—those upper fires. Hence arose the opinion which Martianus Capella indicates (bk. 1, On the Marriage of Philology), that Vesta is the nurse of Jupiter. Others, however, understand Vesta absolutely as the living and perpetual Fire, according to that [verse] of Ovid: "Nor understand Vesta to be anything other than the living flame." And [that] of Virgil in the Moretum: "And while Vulcan and Vesta perform their parts." And Cicero (bk. 3 On Laws): "And since Vesta has embraced, as it were, the hearth of the city—as she is called by [her] Greek name"; and (bk. 2 On the Nature of the Gods): "The name Vesta is taken from the Greeks, for she is that [goddess] who by them is called Ἑστία [Hestia]; and her power pertains to altars and hearths." For just as, by the addition of the letter V, Er was said Ver, and the Eneti [became] Veneti, so Esta was called Vesta, as Servius notes (on Aeneid 1). But more to our purpose [is] Plutarch (in [the Life of] Numa): "Numa is said to have thrown around the temple of Vesta, [built] in an orbicular shape, [a watch] for the perpetual fire, as a guard—not that he might liken [it] to the shape of the Earth, as though Vesta were the Earth, but [to the shape] of this whole universe, whose middle the Pythagoreans hold to be Fire; and this they call Vesta, and Unity. But [they hold] the Earth to be neither immovable, nor situated in the middle of the [world's] circumgyration; but suspended in an orbit about the fire, nor to be reckoned among the chief or first parts [of the world]."


[Margin: The opinion of the aged Plato about the place and motion of the world/earth.]



Some will have it that Plato too, when now an old man, felt this about the Earth—as situated in another place, while the middle and most worthy region befits some other and more excellent [body]. But so long as no passage from Plato is adduced [for it], I, from his own words (already cited above, in the Phaedrus and Republic 12) and from the words of the Timaeus (adduced in the preceding chapter, num. 2), persist in this opinion: that Plato always thought the earth immovable. Granted that he came into Italy that he might see Pythagoras and Philolaus, and got to know there Timaeus of Locri and Archytas of Tarentum (as we have learned from Cicero, bk. 1 of the Tusculans, and from Laërtius): on behalf of which opinion I appeal from Plutarch to Plutarch, who (On the Opinions of the Philosophers, bk. 2, ch. 6) says that Plato, with Pythagoras, assigned the cube to the Earth on account of its immobility; and (ch. 15) that he did not number it among the Planets; and (bk. 3, ch. 13)—Heraclides and Philolaus excepted—says, "The rest said that the earth remains [at rest]." And so I do not assent to Gassendi (Epistle 2, On impressed motion), who asserts, from Plutarch, that the elder Plato conceded both motions to the Earth: for Plutarch does not assert that, but reports the conjecture of others, when he says, "Some will have it [so]."

[IV.] But the opinion of Philolaus and Aristarchus about this motion of the Earth had slumbered, and—lulled into deepest silence through many ages back—had lain in the oblivion of almost all, when Nicolaus Cusanus, as I noted (ch. 2, num. 3), [roused it] with subdued voice; but the other Nicolaus—namely Copernicus—roused it with a great voice. Nor indeed did Copernicus (as some suppose, especially Scipione Chiaramonti in the preface of his Antiphilolaus, and before him the unnamed Author who prefixed the "Admonition to the Reader" to Copernicus's works) reckon this motion of the Earth [merely] from a bare hypothesis; rather he asserted it absolutely, either as more probable, or even as demonstrated.


[Margin: Copernicus asserts the Earth's motion absolutely, and not merely under a hypothesis.]



For this is what the words of Copernicus himself sound, in the preface to Paul III, when he says: "And so, when I myself considered with myself how absurd a discourse [ἀκρόαμα] those would think it who know that this opinion—that the Earth is set immovable in the middle of the heaven, as its center—has been confirmed by the judgments of many ages; if I, on the contrary, should assert that the Earth is moved: I long hesitated with myself whether I should bring into the light my commentaries written in demonstration of its motion; or whether it were better to follow the example of the Pythagoreans and of certain others, who were wont to hand down the mysteries of philosophy not by letters, but by hand[-to-hand], to kinsmen and friends only—as the Epistle of Lysis to Hipparchus testifies." And not much after, again using the word "demonstration," he says: "It will come to pass that, the more absurd this my doctrine about the Earth's motion now seems to most people, the more admiration and favor it will obtain, after, by the publication of my commentaries, they shall see the fog of absurdity removed by the clearest demonstrations." And again, repeating the same word, he says: "Nor do I doubt that ingenious and learned Mathematicians will agree with me, if—as this philosophy especially demands—they shall be willing to know and weigh, not cursorily but thoroughly, those [things] which are brought forward by me in this work for the demonstration of these matters." And so greatly did he steel his mind in this opinion about both motions of the Earth, that he even contrived a mark of rashness and ca-
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—lumny against those who should try to assert the Earth's immobility from the sacred letters: for, having said that he had dedicated his work to Paul III (as one imbued with Mathematics) precisely lest he should seem to shun anyone's judgment, he added: "That by your authority and judgment you may easily restrain the bites of the slanderers: although it is in the proverb that there is no remedy against the bite of a sycophant." And presently: "If perhaps there shall be idle-talkers [ματαιόλογοι] who, although ignorant of all mathematics, nevertheless take upon themselves a judgment about these [things]—on account of some passage of Scripture badly twisted to their purpose—and shall dare to reprehend and assail this undertaking of mine: I heed them not at all, so far that I even despise their judgment as rash."


[Margin: Copernicus's arrogant opinion.]



With so great a haughtiness, forsooth, did that man dare to rise up, who but lately seemed almost to dread the judgment of men. But it must now be shown, from his own words, by what reasoning he distributed the annual translation to the Earth—as to one of the Planets—rather than to the Sun. Therefore (ch. 9 of bk. 1 of the Revolutions) thus beginning: "Since, then, nothing forbids the mobility of the earth, I think it must now be seen whether several motions too befit it, so that it can be reckoned one of the wandering stars"; he at length concludes: "If, therefore, the earth also makes other circuits—as, for instance, [the one] according to the center—it will be necessary that they be [the same as] those which likewise appear externally in many [bodies], among which we find the annual circuit. For if [the motion] be transferred from the solar to the terrestrial, the Sun's immobility being granted, the risings and settings of the signs and stars, by which the morning and evening [phenomena] come about, will appear in the same way. The stations too, retrogradations, and progressions of the wandering [stars] will be seen to be motions not of them, but of the earth, which they borrow for their appearances. Finally, the Sun itself will be thought to possess the middle of the world: all which the order [of the spheres]—in which they succeed one another—and the harmony of the whole world teaches us, if only we examine the matter itself with both eyes (as they say)."


[Margin: Copernicus places the Sun not in the very center of the World, but about it or near it.]



Concerning which order, when he had related many [things] pertaining to the various world-system (ch. 10), he added: "Accordingly we are not ashamed to confess this whole [region] which the Moon encircles, together with the center of the earth, to pass through that great orb among the other wandering stars by an annual revolution about the Sun; and that about it—namely the Sun—is the center of the world: so that, the Sun also remaining immovable, whatever appears as a motion of the Sun is rather verified in the mobility of the earth." But by what reasoning the annual motion of the Earth's center about the world's center is conjoined with its diurnal revolution about its own center—nay, with a certain third motion of the terrestrial axis, preserving its parallelism to the axis of the Equator—he declares more fully, with a diagram appended, in ch. 11; which we shall set forth in the following chapter. And in the fifth book (ch. 1, 2, & 3) he teaches how the annual motion of the earth's center, referred to the motion of the five lesser Planets, can be called the "motion of commutation"—because it either exceeds the mean motion of Saturn, Jupiter, and Mars, or is exceeded by the mean motion of Venus and Mercury; and by what reasoning their stations and retrogradations are explained through that motion of the earth.


[Margin: They assert the annual motion of the earth: Rheticus, Maestlin, Kepler, Galileo, Bullialdus, Jac. Lansberge, Hérigone, Gemma, Naibod, Reinhold, Calcagnini, Zúñiga, Foscarini, Baranzano, Politiano, Bruno, René Descartes, Philip Lansberge, Schickard, Hevelius.]



[V.] At length there adhered to Copernicus, and made the Earth revolve by a threefold (or at least twofold) motion: his pupil Georg Joachim Rheticus (who, in the very long Narration usually subjoined to Copernicus's works, expounded them and commended [them] greatly); and Michael Maestlin; and Maestlin's disciple John Kepler; Galileo; Bullialdus, Jacob Lansberge, and Hérigone (in the passages cited, ch. 1, num. 4); and besides: Gemma Frisius (in the Epistle to Johannes Stadius); Valentin Naibod (bk. 1 of the Astronomical Institutions, ch. 16); Erasmus Reinhold (in the Prutenic Tables, and in his exposition of the Copernican hypothesis); Celio Calcagnini; Diego de Zúñiga (in the Commentary on Job); Paolo Antonio Foscarini the Carmelite (in the Epistle on the mobility of the earth and the stability of the Sun, to Sebastiano Fantoni, General of the Carmelites); Redento Baranzano (part 2 of the Uranoscopia, p. 42), and, in him, Antonio Lorenzo Politiano; and also Giordano Bruno (bk. 3 On the Vast and the Immense, last chapter); René Descartes (in the Principles of Philosophy, part 3, from num. 26 to 34); Philip Lansberge (in his Uranometria, bk. 3, and in the Controversies on the annual motion of the earth); Schickard; and Johannes Hevelius (bks. 5 & 7 of the Selenographia)—but among these, Lansberge and Bullialdus do not admit that third motion of the earth by which Copernicus excuses the proper motion that ap-


[…continues on p. 295 (PDF 330): "…appearing in the Fixed [stars]" — the close of the author-catalogue (the Fixed stars truly move slowly eastward; Bruno's variant; Rothmann's recantation to Tycho), then the SCHOLIA on still other motions ascribed to the Earth (trepidation; Pena's rectilinear up-down motion, refuted geometrically; the meridian/pole-altitude motion).]





(printed p. 295 — completing Chapter III with the rest of the annual-motion catalogue and Rothmann's recantation to Tycho; then the Scholia on other motions feigned for the Earth: trepidation, Jean Pena's rectilinear up-and-down motion (which Riccioli refutes geometrically), and the meridian/pole-altitude motion. The chapter ends here, leading into Chapter IV.)
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—pearing in the Fixed [stars]; for they say that the Fixed Stars really do move slowly toward the East. But neither does Giordano Bruno, besides the diurnal and annual motion of the earth, admit any other; in the third place, however, he substitutes a motion of the Sun in a circle bounded by the Tropics, from which arise the annual inequality and the variation of the Eccentricity and of the [apparent] magnitude. Rothmann, moreover—who once clung to Copernicus tooth and nail—afterward "gave his hands" [submitted] to Tycho, if we are to believe Tycho himself


[Margin: Rothmann's recantation against Copernicus.]



(in the Epistles, p. 192); whose words we shall report below (ch. 29, num. 19, & ch. 30, num. 7).



SCHOLIA

Where [it treats] of certain other Motions feigned for the Earth


[Margin: The motion of Trepidation.]



[I.] Among the motions attributed to the Earth, the most celebrated are the three already indicated, after the opinion of Copernicus; and besides those, the motion of trepidation, about which Pierre d'Ailly [treats] problematically (q. 3 On the Sphere), and others adduced and rejected by us (bk. 2, ch. 3, num. 1)—a motion which, however, is favored by Athanasius Kircher (bk. 2 of the Magnet, p. 489). And further, Andreas Cisalpino (bk. 3 of the Peripatetic Questions, q. 4) feigned in the Earth a certain very slow motion toward the East, such as others acknowledge in the Fixed [stars] as proper [to them]—about which there is no need to say more.


[Margin: An up-and-down motion of the Earth, asserted by Jean Pena and Stadius.]



[II.] But Jean Pena also introduced a certain new rectilinear motion of the Earth, upward and downward, in the preface (prefixed to Euclid's Optics, translated by himself from Greek into Latin) addressed to Charles of Lorraine the Cardinal, On the Use of Optics; and Johannes Stadius [did the same] in the History of Astronomy before the Bergen Tables, p. 23. The foundation of this motion with these [authors] is the apparent inequality in the motion of the Fixed [stars], which Pena refers back to optical causes and to the approach of the Earth toward the Fixed [stars] and its recession from them. But it will be better to draw out this opinion from his very own words; he says, then:


[Margin: Jean Pena's first foundation.]



"It is an optical law [sanctio], as true as it is brief, that of [bodies] borne with equable speed, those which seem to be carried more slowly are farther distant. Now the non-wandering stars are borne with equable speed (for that the celestial motions are equable, although they appear unequal to us, the hypotheses of Astronomy teach); yet they seem to advance unequally, as the observation of times teaches. For at the beginning of the periods of Callippus—that is, in the times of Alexander the Great—the non-wandering stars traversed one degree of the heaven in seventy-two years; but in Ptolemy's age, in a hundred years; in the time of Mahomet of Aracta [al-Battānī], in sixty-six years; in this age they advance with nearly the same progress as in those first times of Callippus. From which it is plain that the globe of the Earth was, in Ptolemy's age, farthest from the heaven; but in Mahomet's times, nearest to the heaven; while in our age it is moderately distant from both extremes. Thus you see it concluded from Optics (most illustrious Prince) that the Earth must be now nearer, now farther from the heaven: that is, that it has some motion by which it changes place. I do not involve the earth in a threefold motion; I do not assign to it the diurnal and annual [motion], nor the motion of the center or of declination; but only from Optics I assert that the Earth advances by some motion from place to place; and that [it does so] with the progress of time


[Margin: Jean Pena's second foundation.]



very slowly, since scarcely in four hundred years or more can any such inequality of motions be perceived. Whence another question too is solved, concerning the middle of the world: for if the earth changes place, how will it be the center of the world? Thus the old controversy of the wisest men will be illustrated by the light of Optics, and settled with the least trouble."

[III.] Thus far Pena—who, in the same preface, had a little earlier built up the same motion of the earth from the apparent unequal magnitude of the same Fixed star, supposing that the diameters of the Fixed [stars] are now seen larger, on account of the earth's approach toward them, than in Ptolemy's time. But by the same facility of feigning (not to say futility) he could have asserted that the eighth sphere itself is moved up and down along its diameter, and approaches the immovable Earth and in turn recedes from it. But that that inequality of the Fixed [stars'] motion is improbable—or at least that their equality, even [as it] appears, is more probable—we have sufficiently shown (bk. 6, ch. 17). And how falsely it is supposed that the diameters of the Fixed [stars] now appear larger than in Ptolemy's age, is clear from what was said (bk. 6, ch. 9, & bk. 7, sect. 6, from ch. 9 to 13). It ought also to have been observed by this writer how much greater and more frequent an inequality would appear in the motion and magnitude of the Planets—especially the Moon—if that approach and recession of the Earth were admitted; nay, it would be necessary that either the Earth should ascend above the heaven of the Moon and the Sun, or at least that, together with the center of the earth, the center also of the Planetary system—and so of the heaven of the Planets—should ascend from the world's center toward the outermost [region], by as much as is about a tenth part of the distance of the Fixed [stars]; which will be demonstrated by the following diagram.


[Margin: How much the Earth would have to ascend, if the inequality of the Fixed [stars'] motion arose from its motion.]



[IV.] Let AB be an arc of one degree of the heaven of the Fixed [stars], described from the world's center C, in which [center] is likewise the center of the earth in that age when the Fixed [stars], by [their] mean motion, are imagined to complete one degree in 72 years; and let there be assumed AC, or BC, the distance of the Fixed [stars] according to Ptolemy or al-Battānī, [= ] 19000 semidiameters of the earth. Let the earth then be transferred to D, in that age when the Fixed [stars] are imagined to complete one degree in 66 years—for then, by the rule of proportion, they will be seen to complete one degree and besides 5′ 26″ in 72 years.


[Translator's note — geometry diagram (right column): a tall narrow triangle. At the top, the short arc A — B (one degree of the starry heaven). From A and B two long lines run down to the world-center C at the bottom; the Earth's displaced position D is marked just above C on the same baseline, so that AB is viewed from C under angle ACB and from D under the slightly larger angle ADB. The figure visualizes Riccioli's trigonometric refutation of Pena: the parallax needed to make the stars seem to slow would require the Earth (D) to sit ~1900 earth-radii from the true center C.]



Wherefore the arc AB, viewed from C under the angle ACB, will appear [of] 60 minutes; but viewed from D, under the angle ADB, will appear 65′ 26″. Wherefore, by [Elements] 1.32, the angle CDB in the triangle BCD will be 178° 54′ 34″, and the angle CBD will be 5′ 26″. Since, then, in it all the angles are given, and besides the side BC [= ] 19000 semidiameters of the earth, the side DC will also become known by the help of Trigonometry; and it will be found, by the second [case] of Oblique-angled Triangles, that DC is 1900-and-more terrestrial semidiameters: which measure exceeds the Ptolemaic distance of the Sun—let alone of the Moon—from the world's center. Therefore it would be necessary that the center of the Earth, from the time of Callippus to the age of al-Battānī, had ascended from the world's center above the Sun; or at least that the whole system of the Planets, together with the earth, had ascended from the world's center [by] 1900-and-more earth-semidiameters.


[Margin: Jean Pena's either error in Geometry, or audacity.]



Let Pena therefore see either how much he has erred in Geometry and in Optics itself, or how much further he would have to dare, and what hypothesis he would have to swallow, if he wished to defend his opinion.


[Margin: The same man's lapse in the History of Astronomy.]



[V.] But I find yet another lapse of Pena in the history of Astronomy, when, in the same preface to Euclid's Optics, he says: "Let Aristotle have judged that the Earth rests; let Ptolemy, most experienced in celestial matters, so judge; let Theon so judge; let vulgar credulity have judged the same. But for us, those Pythagoreans judged otherwise, and pronounced that the earth is moved. The same assert Plato's Timaeus, Philolaus, Ecphantus, Seleucus; the same teach Aristarchus of Samos, Archimedes, and—in this age—the most renowned Copernicus." But, granted that Timaeus judged the earth to be moved (which, however, is by no means certain, as is plain from what was said in this ch. 3, num. 3)—yet from the same chapter, num. 2, it is plain that Archimedes cannot be numbered among the movers of the Earth, since he disapproved Aristarchus's opinion, even though, [Aristarchus's] hypothesis and the immense distance of the Fixed [stars] being granted, he showed in the Sand-Reckoner that the number of grains of sand enclosed within the whole capacity of the World could be reckoned up.


[Margin: Seleucus asserts the motion of the Earth.]



[VI.] But concerning the motion of the Earth in the Meridian—by force of which the altitudes of the northern Pole would be continually increased—which Domenico Maria [Novara] feigned, and Giordano Bruno followed (p. 306), and Magini (Canon 8 of the second mobiles), we shall say more (ch. 11, from num. 7); where (num. 9) [we shall treat] of the motion of libration from the South-west [Africus] toward Caecias [the North-east], asserted by Alessandro Calignone.


[Margin: A motion of the Earth changing the pole-altitudes.]

[End of Chapter III. The page closes with an ornament rule and the catchword "CA-" → Chapter IV (Caput IV) begins on the next printed page (p. 296, PDF 331), presumably expounding the threefold Copernican motion with the promised diagram.]





(printed p. 296 — opening Chapter IV, which expounds the three (or four) Copernican motions of the Earth. After naming them (diurnal, annual, and the motion of declination/parallelism), the chapter explains Copernicus's substitution of the Earth's daily whirling for the Prime Mobile and the "sailing-ship" simile by which the geocentric impression is explained away, traced through Cusanus, Buchanan, Kepler, and Gassendi.)
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Chapter IV, There are distinctly explained the three or four Motions attributed to the Earth by Copernicus and his followers, and their properties and admirable conditions

[I.] It is assuredly necessary, for one wishing either to defend or to attack the Copernican hypothesis, first to have it thoroughly explored, and to look deep into all its parts; lest (as has hitherto happened to not a few) he expose himself to be laughed at and scorned by the Copernicans—and that one especially who thought the diurnal revolution of the earth comes about from East to West, whom Galileo deservedly brands (in the 2nd Dialogue). One must therefore know that three motions are attributed to the Earth by this sect: the First is called Diurnal, or [the motion] of the daily revolution, because in the space of 24 hours—in which one natural day is completed—the whole earth is revolved from the same to nearly the same point, about the center of its own body; the Second is called Annual, because its revolution is not completed save in one Solar year; the Third is called the motion of declination, or of parallelism—which we shall now explain distinctly.

The Diurnal revolution of the Earth is explained


[Margin: The region toward which the Earth's diurnal motion tends.]



[II.] First, Copernicus (bk. 1 of the Revolutions, ch. 5 & 8) denies that the Fixed Stars and the Planets are moved by any motion of the Prime Mobile from East to West, as the Astronomers commonly suppose; but in place of this motion he substitutes a diurnal whirling of the Terrestrial globe (composed of earth, the water enclosed [in it], and the air poured around and akin [to it]), by which it is revolved, about the center and axis of its own body, in 24 Solar hours, from the West through the Meridian toward the East. For all [things] which are seen to move with respect to place are either seen to move so because they really change place, or because, they being unmoved, the sight or eye of the beholder is moved; or because both the object seen and the eye of the beholder are moved unequally: for if the sight and the object were moved with equal speed toward the same part of the world, no motion would be perceived between the thing seen and the eye of the beholder—as Copernicus excellently reasons in that ch. 5. Whether, therefore, the diurnal revolution toward the West be assigned to the stars, or that revolution be attributed to the Earth and to our sight (which beholds the stars from the earth), but toward the opposite part—namely toward the East—in just the same way all the phenomena of the diurnal motion will appear to us; and, as we go to meet [them], the stars will seem to rise, and gradually to ascend above the Horizon up to the Meridian; but, as we pass on beyond and leave the stars behind, they will seem to descend toward the Horizon, and at last to set. Nor will the stars themselves pass through the zenith or the Meridian by their own diurnal motion, but the vertical points of the Earth itself, and the Meridian circles themselves (to be conceived upon the Earth's globe) will pass from the western region to the eastern; and thus the Sun, now covered, now uncovered, will represent the vicissitudes of night and day. Since, then, in either of the aforesaid ways the phenomena of the diurnal motion can come about, it seemed more probable to Copernicus to ascribe that motion not to the whole world, nor to the vast spheres of the Fixed [stars] and the Planets, but rather to the Earth—as being spherical and tiny in respect of the heaven, and as it were the contained and the placed [thing]. For he indicates these reasons in those words (ch. 5): "But if you shall have granted that the heaven itself has nothing of this motion, while the Earth turns from West to East: as regards the apparent rising and setting in the Sun, Moon, and Stars, if you seriously attend to it, you will find that the matter stands thus. And since the heaven is that which contains and conceals all things—the common place of all—it does not at once appear why motion should be attributed rather to the contained than to the container, to the placed than to the placer." Of this opinion, indeed, were Heraclides and Ecphantus the Pythagoreans, and Nicetas of Syracuse (in Cicero), turning the earth in the middle of the world; for they thought that the stars set by the interposition of the earth, and rise by its withdrawal. Then (ch. 8), when he had established as certain that the Earth, enclosed by its poles, is bounded by a globose surface, he subjoined: "Why, then, do we still hesitate to grant it the mobility congruent by nature to its [own] form, rather than that the whole world should glide—whose end is unknown and cannot be known? and [why do we not] confess that of its daily revolution there is in the heaven an appearance, and in the earth a truth?" At length (bk. 1, ch. 11), asserting a threefold motion of the earth, he calls this Diurnal [motion] the First—which, he says, is called by the Greeks νυχθημερινόν [nychthēmerinon], the proper circuit of day and night, about the axis of the earth, inclining from West to East, just as [the heaven] is thought to be borne in the contrary [direction] of the world—by describing the equinoctial circle.


[Margin: By the simile of sailors there is set up against [it] the opinion of those who think the Earth does not move.]



[III.] But that the stars are commonly thought to be moved toward the West, rather than the Earth toward the East, this Copernicus ascribes to a popular error, very like that by which sailors sometimes think the ship stands still, and the shores and banks flee in the opposite direction. For he says (that ch. 5) that "this stands just as if the Virgilian Aeneas were to say: 'We are carried forth from the harbor, and the lands and cities recede.' For, the ship gliding under a calm, all the [things] that are outside are discerned by the sailors to move after the image of that [ship's] motion; and in turn they think that they themselves rest, together with all that is with them. So indeed, in the motion of the earth, it can happen that the whole world is thought to go around."


[Margin: The same simile, used by Cusanus and Buchanan.]



Which simile, used before Copernicus by Nicolaus Cusanus, I noted (ch. 2, num. 3). Nay, also not a few years before the publication of Copernicus's Revolutions, George Buchanan the Scot (in bk. 1 of the Sphere, composed in most elegant verses) acknowledged the same simile, under the person of the ancient Pythagoreans, but rejected [it], when he sang:


"Since there is nowhere any violence of so great a mass / as could heave from its seat, and move by force, / the heap of the Earth. Nor again does it rotate into a circle, / as a great part of the ancient Sages had falsely believed— / the Samians, sworn to the words of [their] master: / [thinking] forsooth that the lights which gaze on the fires of the stars are deceived, / which suppose the heaven to be whirled around in a swift eddy / while the earth is unmoved; just as, from the shore, [the stern of] a ship / when it flees and skims the salt shallows with a following wind. / When the hills flee, and the woods and cities recede, / so does Night dull the bodily senses with darkness."

[Margin: Kepler's similes.]



Kepler too (bk. 1 of the Epitome of Copernican Astronomy, p. 130), besides this, heaps up other similes; for he adds: "He who sails down a river, if not forewarned, will think the nearby banks move in the opposite direction; and if the ship be carried past a stake, sunk [in the water] and washed by the waves, the passengers will cry out that an otter is rising up to meet them. He who is carried forward in a carriage between hedges will swear that the hedges on both sides rush in upon each other; he who [is carried] backward will swear the hedges flee: which impression the eyes conceive, and retain [it] deeply impressed, even when the man is at rest. And he who is swept backward in a carriage, away from some tower of notable height, along a road directed [straight] from the tower, will dread the ruin of the tower rushing down upon his head. So, having beheld a cloud, broadly spread out, moved gently from South to North, he will swear that the stars which fall into the rifts [of the cloud] and flash out from them are moved with a contrary motion, from North to South."


[Margin: Gassendi's other simile for this matter.]



But Pierre Gassendi (Epistle 2, On motion impressed by a translated mover) uses the example of two ships: for whether another ship be moved toward our [ship, which is] unmoved, or our [ship] be moved toward another unmoved one, he says that nevertheless the motion always appears [to be] not of our ship, but of the other: so that, if we be in the middle of the sea, and there be nothing but sky on every side and sea on every side, we shall seem to ourselves to stand plainly unmoved, however much we be both moved by a following wind and borne toward another ship fixed by anchors: which [other ship], accordingly, will seem only to approach us by just as much as we in reality approach it. Which would happen most of all to a man either born and bred in a ship, or carried into it while he sleeps and afterward waking, and having nothing else whereby to correct the illusion of the eyes: which [things] being premised, he subjoins: "Now indeed there is the globe of the Earth, into which we are, as it were, carried sleeping—or rather, in which, not think-


[…continues on p. 297 (PDF 332): "…not thinking, we are born" — the rest of Gassendi's simile, then [IV.] Kepler on why the diurnal motion is commonly assigned to the stars, [V.] the precise character of the Earth's diurnal vertigo (the terrestrial Equator and its parallels), [VI.] that the water and lower air share the motion (the trade-winds), and [VII.] Copernicus on gravity as an innate propensity of parts to their whole.]





(printed p. 297 — continuing Chapter IV on the diurnal motion: why common sense mis-assigns it to the stars (Kepler, Galileo); the precise character of the Earth's equable circular vertigo; that the water and lower air share the motion, explaining the trade-wind; and the beginning of Copernicus's account of gravity as an innate appetite of parts toward their own whole.)
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—ing, we are born. But from the moment we opened our eyes and contemplated, besides this globe, another—namely the Sun, [set] in the same expanse with the Earth, as it were, or in the same mundane space—the question was raised which of these globes rest befitted, and which motion? But we, without hesitation, pronounced that beyond doubt rest befits the Earth, and motion the Sun." [So] Pythagoras, Plato, Aristarchus, and other more ancient [men] gave warning; and likewise the more recent—Copernicus, Galileo, Kepler—[and] several others, perhaps. But too absolutely does [Gassendi] involve Pythagoras and Plato in this opinion, as is clear from what was said (ch. 2).


[Margin: The cause why this motion is commonly attributed rather to the stars [than to the Earth].]



[IV.] But to one inquiring for what cause that motion—which could equally well be attributed to either [the stars or the Earth], with the phenomena saved—has been wont to be reckoned to the stars rather than to the Earth, Kepler answers (in the Epitome of Copernican Astronomy, p. 130): that the motion is not the proper object of sight, but is judged by the common sense, and that in this [judgment] one is deceived for two causes. For, first, a man thinks his eyes rest whenever he knows that the motion by which the eyes are carried does not arise from their own internal motive faculty—that is, when he does not discern that motion by any token of jolting: and therefore he reckons the object, rather than his own eyes, to be moved. Then, it is an easy slope, to those [things] which are far larger than the eye and are widely spread out, to attribute rest, as to [things] hardly mobile—especially if they keep the same position with respect to the eye—but to ascribe motion to smaller things; now the fields and seas of the earth appear far larger than the stars taken one by one, and so, from childhood onward, we have grown accustomed to attribute motion rather to the stars than to the Earth. And Galileo (Dialogue 2, On the Cosmic System) affirms that it is necessary that we not perceive this motion by [our] sense, and that it is imperceptible to us, because we inhabit the Earth and are alike partakers of its motion. But let these [things] be said parenthetically [παρενθετικῶς]; and we must return to unfolding the other conditions of this diurnal motion.


[Margin: The character of the Earth's diurnal motion.]



[V.] The motion of the Earth, then—which thus far we have said, after Copernicus, to tend toward the East—is a certain whirling or eddying, by which the Equator of the terrestrial globe itself, together with all the terrestrial parallels, is turned about the axis of that same Equator in the space of 24 hours; which [terrestrial] Equator is in the plane of that imaginary [celestial] Equator which the writers on the Sphere commonly employ for explaining the motion of the Prime Mobile. But the axis of the Earth, if it were produced beyond it, and the Earth were moved by no other motion than this diurnal one, would meet both [the world's poles]—[that is,] the poles of the World. Meanwhile it may be known that in the Earth's globe there are two poles, or immobile points, resting (to sense) under two opposite points of the heaven. But the parts of the terrestrial surface nearer to those points describe small parallels, and accordingly move more slowly; the more remote, however, [describe] larger parallels, and [move] more swiftly; while the greatest circle, or terrestrial Equator, [moves] most swiftly. And in Copernicus's opinion there is a single Equator, and that terrestrial; and its motion alone suffices to set forth all [the things] which others set forth by the celestial Equator and its parallels, as is clear from bk. 1, ch. 11, & bk. 3, ch. 1. Finally, this motion is to be judged equable and circular—by this token most of all: that (as Kepler notes, in the Epitome of Astronomy, p. 111) those who use Armillae—that is, perfect circles—after the example of Tycho, for the difference of right ascensions and for measuring the motion of the Prime Mobile, place them so that their axis is perpendicular to their planes, and elevated [by] just so much as is the elevation of the Pole of the World; and, sighting through the dioptras fixed to the rim of the Armillae upon the stars, they see the stars go round the rim of the Armillae equably. Besides which, the spherical figure of the Earth itself demands this circular whirling rather than [the figure] of any other diagram.


[Margin: The diurnal motion common to the Earth, Water, and the lowest Air.]



[VI.] Nor indeed is the element of the Earth alone, in Copernicus's opinion, turned by the diurnal motion toward the Eastern region, but also the whole water enclosed in the cavities of the Earth, and that part of the air which is contained within and around all the loftiest mountains, or is raised a little above them—as being akin to the Earth and the Water, and consisting of the vapors and exhalations of both, granted that, on account of its thinness, it seems to us elementary air. Hence it comes about that, on account of this common whirling, neither those sailing toward the West, nor birds or clouds passing into the same region, experience any resistance of this water or air, as though [it were] striving against [them]. Nay, all bodies terrestrial and aquatic, and so all birds, and finally all mixed [bodies], so long as they have not gone beyond this lower region of the air, are partakers of this common motion—which therefore they do not feel, because it is common. But whether this motion of the water or of the lower air arises from a certain nature common to it and to the earth, or whether [it comes about] from a rapture effected by the earth, Copernicus did not determine: for (bk. 1, ch. 8) he says: "What, then, should we say of the clouds, and of the other [things] in any way hanging in the air, or subsiding, and again tending into the heights? Except that not only the earth, with the watery element joined to it, is moved thus, but also no small part of the air, and whatever has kinship in the same manner with the earth. Whether because the neighboring air, mixed with earthy or watery matter, follows the same nature as the earth, or because the motion of the air is acquired, which by contiguity it shares from the earth in perpetual revolution and without resistance."


[Margin: By what force are the water and air set in this motion? — The upper region of the air [is] immune from the diurnal motion.]



But about the higher portion of the air—in which he thinks Comets are formed—he subjoins these words: "We, on account of [its] great distance from the earth, can say that that part of the air is destitute of that terrestrial motion. Accordingly the air which is nearest to the earth, and suspended in it, will appear calm—unless [it be] by a wind or some other impulse, [and] agitated to and fro, as it happens." Thus you see all [things] interchanged in this hypothesis; for those who reckon the diurnal motion to the heavens think that the element of fire and the upper region of the air are snatched along with it toward the West, the lowest [region] being unmoved; but on the contrary, those who, with Copernicus, impose that whirling upon the Earth think that the lowest region of the air is snatched along with it toward the East, the highest being immobile. But a distinction must still be drawn between the lowest air—if any part of pure air, distinct from the vapors


[Margin: A perpetual breeze within the Torrid [zone] toward the West.]



and exhalations, be intermixed with it (for this is snatched by force from the very whirling of the land-and-water globe, and from the vapors and exhalations cast around [it]; but the vapors and exhalations themselves are moved by [their own] nature, and by the same faculty by which the earth and water itself are moved—of which faculty it will have to be spoken below). But if any part of the air around the earth is, on account of [its] distance from the poles, less subject to vapors and exhalations—of which kind is that [air] which is situated within the Tropics, and is widely diffused through the most open and vast spaces of the Ocean—that [part], as Galileo judged (Dialogue 4, On the Cosmic System, p. 327), and Pierre Gassendi (Epistle 2, On impressed motion), as we shall say (Scholium 5), less follows the terrestrial conversion; and therefore, in that tract, while the Earth is rolled toward the East, the air being more sluggishly carried thither, there is felt a certain perpetual breeze passing from the East, of so constant a tenor that ships too, by its benefit—besides [that] of the running waters—are happily carried to the West Indies, and, setting sail from the same Mexican shores, by the same favor are carried on [and] plow the Pacific sea toward the Molucca Islands and the Philippines; whereas, on the contrary, voyages toward the East are more difficult and of a slower course.


[Margin: What gravity and levity are in this hypothesis.]



[VII.] But since heavy bodies thrown upward, or let down through the air from a tower or the mast of a ship, are seen to fall perpendicularly into the same place of the Earth—and accordingly the Earth does not withdraw itself from under them—and [since] all heavy bodies tend, by their own nature, to the center not only of the Earth but of the world, while light [bodies] ascend from that center: lest this should hinder the terrestrial motion, Copernicus established (bk. 1, ch. 9) that gravity is not a principle of tending to the middle and center of the Universe, but an innate propensity of tending to one's own whole, that [the parts] may be brought together with it, and may order themselves about the center of their own whole into a spherical figure. For he says: "Indeed I judge that gravity is nothing else than a certain natural appetite, implanted in the parts by the divine providence of the Maker of all, that they may betake themselves into their own unity and integrity, coming together into the form of a globe. Which affection it is credible is in the Sun, the Moon, and the other gleaming wandering [stars], that by its efficacy they may persist in that roundness in which they present themselves. Which [globes] nonetheless accomplish their circuits in many ways. And so, if any part of the Moon or Sun could be torn away from their globe, it—left afterward to itself—would fly together not to the center of the universe, but to the globe of the Sun, or of the Moon. For neither [is] the center of the Universe, [ut-


[…continues on p. 298 (PDF 333): "…[ut]pote — being a point or nothing" — i.e. the world-center, as a mere point, has no power to attract; the gravity-passage then turns to Kepler. (Page-signature "P p", catchword "pote".)]
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—being a point or nothing, and lacking all appetibility (as Kepler notes in the Epitome of Astronomy, p. 95), is rightly established as the terminus to which all heavy bodies tend; but rather the Earth itself, together with its center—not insofar as it is a center, but insofar as it is the middle of that whole [Earth], to which the kindred parts are borne. Yet Kepler there adds that this tendency of the parts to their own whole comes about not without a certain magnetic attraction—which, however, is excellently refuted by Cabeo (bk. 1 of the Magnetic Philosophy, ch. 19). But if you press that light things are borne upward, Copernicus will answer (bk. 1, ch. 8) that there is no fire other than this terrestrial [fire], or burning smoke, whose property is to extend whatever it has invaded, and that the extensive motion is from the center to the circumference; but that the terrestrial exhalation or smoke is snatched aloft and thrust out beyond its place, and therefore at once languishes—as though the cause of violence, which had been brought upon the terrestrial matter, were confessed: wherefore levity is not granted, or is not connatural to these bodies.

Therefore, from the motion of heavy bodies to the center (or of light [bodies] from the center of the earth), which would have to be made along the shortest line—and so a straight one—and from the motion of the whirling of those same [bodies], common with the earth, toward the East, it follows that [things] thrown or thrust upward, and [things] gliding down, ascend and descend by a certain mixed motion of straight and circular; granted that that common motion, by this very [fact] that it is common to the eye of the beholders and of [the things] carried with the earth, is not perceived, and accordingly that motion seems only rectilinear and made to the perpendicular: but that it is mixed of straight and circular, Copernicus taught (bk. 1, ch. 8), and that in it the circular prevails, because this is unfailing and uniform, and per se intended by the nature of these bodies, and common to the whole world; but the straight [motion] does not befit them except when badly placed and set outside their place; and it is unequal, nor is it distinguished from the circular in reality, but only in thought—just as a point from a line, and a line from a surface. But these very [things] we shall report in the words of Copernicus himself (ch. 5, num. 17). Here let those words suffice: "We must confess that the motion of falling and ascending [bodies] is twofold in comparison with the world, and altogether composed of straight and circular"; and below: "Since, therefore, the circular motion belongs to wholes, but the straight also to parts, we can say that the circular remains [together] with the straight, as an animal [remains] with being sick. And indeed this—that Aristotle distributed simple motion into three kinds: from the middle, to the middle, and about the middle—will be thought merely an act of reason. Just as we do distinguish a line, a point, a surface, although one cannot subsist without the other, and none of them without body." Wherefore in this hypothesis the motion neither of heavy nor of light bodies, upward or downward, is made along a line really straight, but [along one] mixed of straight and circular, which however are distinguished only in reason—of what kind it is will be more conveniently disputed in the scholia of this chapter (lest we interrupt too much the thread of this narration), and more fully in chapter 17, from number 6.


[Margin: Kepler's doctrine on the principle of the Earth's diurnal motion.]



[VIII.] Thus far, with Copernicus, we have set forth the nature and conditions of the diurnal revolution of the whole globe (composed of earth and water and the atmosphere poured around it), and also of terrestrial and aquatic bodies, with a few [things] inserted from Kepler and Gassendi. Now certain other [things], which Kepler devised of his own or from Gilbert's magnetic work, must be added. He, then, in the Epitome of Copernican Astronomy (bk. 1, from p. 116 to 128), investigating the effective and subjective cause, with the dispositions for this diurnal motion, established that the terrestrial globe—and the whole earth, insofar as it is whole—in respect of its matter has no natural motion, nay rather an inertia toward motion and a certain reluctance, especially in the denser parts and [those] nearer the center. But if its form be considered—which is a certain faculty and soul moving [it] in a circle—this whirling is natural to it, since nothing is more natural to matter than its form, and to a body than its soul. Thus the nature of the magnet, on account of gravity, tends downward, but from the kind of its form ascends to another magnet, and that ascent is not violent but natural: thus the courses of animals balancing themselves in the air, and the leaps and dartings of cats and serpents, are not violent to the whole animal, if you regard the soul demanding such motions; granted that, in respect of bodily gravity, they may in a certain way seem violent. But before this soul could move the earth,


[Margin: God the first author of this whirling.]



he says (p. 120) that God from the beginning impressed this diurnal whirling upon the earth, from which all subsequent rotations flowed by a continued vigor—just as boys, spinning a top, impress on it an impetus for very many gyrations—and that to this day more than twenty hundred-thousands [2,000,000] of diurnal whirlings have been accomplished; which vigor therefore still perseveres, because no external roughness or density of the ethereal air opposes it. And [he says] that no cause can be given why the earth is revolved rather into this region—namely toward the East—than into another, except this: that from the very beginning it was begun by the Creator to be rotated into this region. Since, however, the vigor of this motion could be weakened, on account of the inertia of the reluctant earth, or the flowing-away of an impetus gradually languishing, [Kepler] contributed to the perpetuity and uniformity of this whirling both the impression of motion made according to the disposition of the parts of the Earth, and a faculty and soul moving and conserving the original impetus, implanted by God.


[Margin: Magnetic fibers of a twofold kind in the Earth's globe.]



[IX.] As to the disposition of the parts, Kepler (pp. 116 & 121) recognizes in the earth's globe fibers or filaments of a twofold kind, just as in a great magnet. Of the first kind are the rectilinear fibers parallel to its axis, by force of which, if [the earth] be moved, it keeps itself in its primeval position—just as the axis of the earth, wherever it be transferred, directs itself into the same region of the world in which it was from the beginning, and remains always parallel to itself, and thus has the character as it were of [something] resting, or retaining the same position. Moreover, on account of such fibers parallel to the axis, there is in the terrestrial globe a faculty of directing magnets, and all magnetic [things], toward itself; and in magnets there is a mutual faculty of turning themselves to this region of the Earth, and of agreeing with its axis—or of directing themselves to the poles of the earth, as also [happens] with the little tongues or magnetic needles—unless they be forced to decline toward great continents, or neighboring lesser magnets, where the motion is mixed in proportion to the moving principles. Of the second kind are the circular fibers, like circular threads, with which the rectilinear fibers themselves, parallel to the axis, are interwoven, standing circularly about the axis: which could in some way be set forth by the example of certain spiders, interweaving their filaments with rectilinear rays and circular tracts. But Kepler (p. 122) preferred to use the example of fibers not merely twofold, as in the terrestrial globe, but threefold, found by the Anatomists in the substance of the [stomach-]ventricle, who likewise recognize, among those three orders of mutually interwoven fibers, three faculties of the ventricle—namely an attractive [faculty] according to the straight fibers upward, and a retentive according to the trans­verse, and an expulsive according to the oblique [fibers] downward. But we have a more fitting example in trees, in whose trunk, if it be cut by a plane orthogonal to the pith or its axis, the veins appear so arranged in a circle that nevertheless the ducts of the pores also tend upward (on account of which wood turns out cleavable), and crosswise, after the manner of rays, diverge from the pith toward the bark. Therefore it comes about, by force of these circular fibers, that the motion impressed according to them is [a motion] of a circular whirling about the axis, describing circles at right [angles] to the axis. And so Kepler says (p. 121) it is likely that that very continued species of the first rotation, impressed by God upon the earth, insinuated itself into the body of the earth according to the ductus of the rectilinear fibers (but [those] set circularly around the axis), and was transformed, as it were, into a special bodily form, the conserver of this diurnal motion—no longer a guest (as is the impetus in a top spun by boys), but a dweller [inquilina], and now the victress and tamer of the matter inert of itself: or at least that that impetus—the rectilinear fibers demanding rest in the same position, and the circular [fibers] demanding a circular motion, if any be impressed—is the proximate disposition required by the soul and the motive faculty. For he concludes (p. 122) that even if this bodily form of the fibers were the sole cause of motion, nevertheless that which is moved and [that which] moves would not be the same, and that the same globe, by reason of the rectilinear fibers, rests in the same position and underlies the motion, but by reason of the circular fibers continues the conceived impetus into circular motion.

[X.] Yet for many causes, besides the impetus once impressed on the earth by God, and besides its species conformed according to the position and disposition of the aforesaid fibers, Kepler judged that a certain soul and a non-intelle-


[…continues on p. 299 (PDF 334): "…non-intelle[ctive] faculty" — the Earth's merely motive soul (subterranean heat and the formative faculty of crystals as its tokens; the Earth–Moon mutual approach), then [XI.] Gilbert's magnet/Terrella argument, [XII.] Kepler's fourth cause (the Sun), and (with a new sub-head) [XIII.] the Annual motion.]
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—ctive, non-sensitive, non-vegetative, but merely motive faculty—and the conformer of certain figures—must be superadded to the Earth (Kepler, from p. 123): because, just as bones, nerves, and muscles are instruments and dispositions for motion rather than the motive cause, so [are] the magnetic fibers of the earth, and the impression made according to them; [and] then the vigor, speed, and uniformity of this motion will be more securely conserved


[Margin: Foundations for establishing a motive soul in the Earth's globe.]



if it be from a soul as from an internal principle and source—which reproduces its own acts to itself as an Entelechy, and refreshes itself—than if it be from an external principle, or an impetus wandering in a foreign subject; and it will be more assimilated to the first mover, God, who is the supreme Intelligence, if it be a soul than [if it be] not a soul; and that very direction of the axis, drawn into act with so great a uniformity of circular motion and so perennial, is an argument of a soul—if not an intellective [one], at least by some instinct the moderatrix of this motion. To these are added other indications of this soul—namely the perpetual and sensible subterranean heat (for as cold is proper to matter, so heat is a vestige of soul); likewise the formative faculty of fossils, minerals, [and] hexagonal stones in certain crystals and salts—similar to that faculty which in the air forms hexagonal snow, flies, and locusts, and in water so many monsters. And in the Introduction to the Commentaries on Mars he says that, if the Moon and the Earth were not held back, each in its own circuit, by an animal force or another equivalent [one], the Earth would ascend toward the Moon [by] the fifty-fourth part of the interval, but the Moon would descend toward the Earth [by] the remaining fifty-three parts or so of the interval, and there they would have to be joined, on account of the mutual magnetic attraction—if, however, they were of the same density.


[Margin: The Earth a magnet, according to Gilbert.]



[XI.] But for these [things] which Kepler devised concerning the soul of the Earth and the ductus of the magnetic fibers, William Gilbert had gone before; for (bk. 5 On the Magnet, ch. 12) he had asserted that the magnetic force, on account of motions so various and wonderful, is either animate or an imitatrix of soul; and (especially bk. 6, ch. 4) he had tried to show, by experiments of the Terrella, that the globe of the Earth is a great magnet. Now a Terrella is nothing else than a magnet shaped into the form of a globe or sphere; in which it will be permitted to one experimenting to detect two poles and faces, bounding its axis; and magnetic needles superimposed always agree with its axis according to its length, but as to altitude are inclined more or less toward the poles of the Terrella, according as they are more or less distant from them. Since, therefore, similar [things] happen to magnetic needles in respect of the axis of the Earth, hence [Gilbert] thought he could gather, probably enough, that the Earth is a great magnet; and that, just as the globe of a Terrella—enclosed in a wooden box (that it may float) and set upon water, so that its northern pole inclines toward the South—turns itself by a circular motion about its center, until its northern pole regards the North; so the Earth is fit for the magnetic revolution, that it may conserve its position toward the poles of the World, which it once had. Which would be yet truer if (as Peter Peregrinus affirms) the globe of a Terrella, suspended over its poles in the meridian, were revolved in 24 hours. But that the Earth is not a great magnet, our Cabeo has excellently shown by arguments (bk. 1 of the Magnetic Philosophy, ch. 19); nor that the diurnal conversion of the Earth is rightly deduced from the conversion of a Terrella toward the poles—[as] we shall show below (ch. 7, num. 10 & 11). Moreover Gilbert himself (bk. 6, ch. 5) judged that gravity is the appetite of the terrestrial parts to tend to their own primary globe; which appetite he placed also in the parts of the celestial globes, in respect of their primary globes—namely the Sun, the Moon, etc.


[Margin: A fourth cause of the Earth's diurnal motion, from Kepler — namely the Sun.]



[XII.] Besides the causes already aforesaid, by which the diurnal revolution of the earth comes about, Kepler recognizes yet a fourth (bk. 4 of the Epitome of Copernican Astronomy, from p. 550)—namely the Sun—that he may render a physical reason for the equation of natural days, which (bk. 1 & 3, or pp. 108 & 286) he had set forth, and about which we [treated] (bk. 3, ch. 32, num. 4): namely that [equation] which, as Tycho experienced in the Eclipses, supposes the summer revolution of the Earth a little slower than the winter, and that this arises from the greater interval between the Sun and the Earth in summer than in winter—on account of which the faculty of the Earth is then less strengthened by the Sun than in winter; which inequality of the diurnal revolution is recognized also by Longomontanus (bk. 1 of the Theorics, ch. On the Sun) and Bullialdus (bk. 2 of the Philolaic Astronomy, ch. 6). Kepler assumes, therefore, that the archetypal number of the earth's revolutions within one year ought to have been round, and [of] 360 days, rather than composed of inarticulate, ignoble, and broken [numbers]—namely of 365¼ days; and that thus the earth, if it were not incited by the Sun, would be moved more slowly in [its] diurnal revolution, inasmuch as it would revolve 360 times within a year; therefore that it adds five supernumerary revolutions, with a quarter of a day, this is to be attributed to the speed of the Earth, incited by the Sun's light so much the more strongly as it becomes nearer the Sun. But how that supernumerary portion is to be distributed into the parts of the Physical equation of natural days, we have already taught from Kepler himself (bk. 3, ch. 32, num. 4).


[Margin: The Earth's diurnal revolution is the cause of the Moon's proper motion, according to Kepler.]



Moreover, just as the Earth is incited in its diurnal revolution by the Sun, and just as all the primary Planets, by the whirling of themselves about their own center, emit a certain species by which they grasp, as it were by hand, their secondary Planets—namely the Sun [grasps] the six lesser Planets, and Jupiter its satellites, and whirl them around in a circle—so the Earth, by gyrating about its axis, emits from itself a certain species by which it grasps the Moon and twists it into a circle toward the same eastern region, as much as the inertia of the Moon permits itself to be carried around toward motion. And thus, just as he attributed the motion of the other Planets and of the Earth—but the annual [motion], toward the East—to the magnetic circumtraction of the Sun, through a species emanating from it while it turns about its center; so he attributes the proper motion of the Moon, toward the East, to the diurnal revolution of the magnetic Earth, drawing the Moon into a circle; and [says] that hence it comes about that the Moon is the swifter, the nearer it is to the earth—which he confirms from the kinship between the Moon and the Earth, since the Moon, through the Telescope, appears to be another earth, rough with mountains, seas, and valleys, and [since] the Moon, by its passage over the zeniths, effects the reciprocal tide of the sea. But let it now be enough, and more than enough, for [our] purpose, to have tasted these [things] from Kepler, for explaining, illustrating, and confirming Copernicus's hypothesis about the diurnal revolution of the Earth.

The Second Motion of the Earth is explained, which is the Annual Translation of the terrestrial center through the Great Orb about the center of the Universe

[XIII.] The second motion, which Copernicus—with Philolaus and Aristarchus—attributed to the Earth, is called the annual translation, by which the center of the terrestrial globe, in the plane of the Ecliptic, is carried uniformly about the Sun (placed in the center, or near the center, of the World) according to the succession of the signs—that is, toward the East—and accomplishes its mean period in 365 days and 6 hours. And with the center of the terrestrial globe, not only the whole earth, but also the whole elementary sphere, and the very body of the Moon and [its] system, are carried around—since the Moon is the attendant of the earth, and as it were its secondary Planet. The Earth, then, turns out [to be] one of six Planets, and is not in the center of the universe. But the Sun, in this hypothesis, ceases to be a Planet, since it is moved neither by the motion of translation, nor even by the diurnal [motion] of whirling, but remains immovable near the center of the universe. And the Orb, or circle, which the center of the Earth describes by this motion in the plane of the celestial Ecliptic, is called by Copernicus everywhere the Annual Orb, but sometimes (as bk. 1, ch. 10) the Great Orb—comparatively to the terrestrial Equator, which the diurnal revolution of the earth describes on the terrestrial surface, [an Equator] which is indeed far smaller than this annual circle; since the annual circle, though different from the Solar one, is yet as great as is, in the Ptolemaic hypothesis, the orb of the Sun. Moreover it can be called great because it has a great equivalence and virtue, since it alone furnishes that which scarcely many other orbs in the Ptolemaic system can furnish—although in respect of the supreme sphere of the Fixed [stars] it is like a point. And to this Great Orb—which it may be permitted to call also the annual [orb] and the terrestrial Ecliptic—the terrestrial Equator is inclined at an angle of 23 degrees 30 minutes: namely, as great as is the obliquity of the celestial Ecliptic to the celestial Equator in the hypothesis of the standing earth, and as great likewise [as] the inclination of the axis of the Ecliptic to the axis of the Equator, or the distance of the Poles of the Zodiac and of the Equinoctial circle. These [things], which summarily about this


[…continues on p. 300 (PDF 335) — running signature "P p 2" — with the catchword "motu": the rest of Riccioli's summary exposition of the annual motion (and presumably the third, declination/parallelism motion).]
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—motion we have touched on; now they must be elucidated from the appendages [adduced] by Copernicus and the Copernicans.


[Margin: Copernicus's prelude to the annual motion of the earth.]



[XIV.] First, then, Copernicus (bk. 1, ch. 5), when he had made mention of the diurnal motion of the earth, soon added: "If anyone should deny that the earth occupies the middle or center of the world, yet should not grant that the distance [to the fixed stars] is so great as to be comparable to the sphere of the non-wandering stars, but [should grant it] notable and conspicuous in respect of the orbs of the Sun and the other stars, and should think that the motion of those [stars] appears diverse on that account—as though they were regulated to another center than the center of the earth—he will perhaps be able to bring forward a not inapt reason for the apparent diverse motion. For that the wandering [stars] are seen now nearer the earth, now farther, necessarily proves that the center of the earth is not the center of their circles. By how much the less is it [even] settled whether the earth nods toward them, or they toward the earth. Nor would it be very wonderful, if someone, besides that daily revolution, should suppose some other motion of the earth: namely that the earth is moved, and wanders with several motions, and is one of the stars—as Philolaus the Pythagorean is reported to have held, a Mathematician no common one, since for the sake of seeing him Plato did not delay to seek out Italy, as those who have written Plato's life relate."

By which words, by a kind of prelude, he prepares his way to the motion of the Earth through the Great Orb; and first he requires the Earth's distance from the center of the universe to be so great that it has an evident proportion to the distances of the Planets from that same center, but [one] inevident or imperceptible in respect of the distance of the Fixed [stars]. Then, from the fact that the diameters of the Planets appear now larger, now smaller, he gathers that the earth is not the center of their motions; and accordingly that that second diversity or inequality—the greater and more frequent one, which they call the anomaly of the orb, or the Argument, or [the one] which they attribute to the motion of the Planetary orbs (referred to the approach or recession of the Sun)—can not inaptly be attributed to the motion of the Earth, annually approaching them and receding [from them]; and he fortifies himself with the authority of Philolaus. After this, in the same bk. 1, ch. 9, when he had said that in the Sun and Moon and the other Planets there is an affection and inclination of the parts toward their own whole, that they may order themselves conglobately about their center and be conserved together with the whole, and that this propensity is such as heavy bodies have toward the center of the earth—and that nonetheless the center of those Planets is not the center of the universe, but [that they] accomplish their own circuits—he added: "If, therefore, the earth too should make other circuits—as, for instance, [one] according to the center—it will be necessary that they be [the same as] those which likewise appear externally in many [bodies], among which we find the annual circuit. For if it be transferred from the solar [motion] into the terrestrial, the Sun's immobility being granted, the risings and settings of the signs and of the Fixed Stars (he speaks of the rising and setting in respect of the Solar rays, or the heliacal [one]), by which the morning and evening [phenomena] come about, will appear in the same way. The stations too, retrogradations, and progressions of the wandering [stars] will be seen to be motions not of them, but of the earth, which they borrow for their appearances. Finally the Sun itself will be thought to possess the middle of the world." Behold how he teaches that the annual motion can be conceded to the Earth, and immobility to the Sun—yet in such a way that not only can all the appearances which were wont to be set forth, in the Sun and the other Planets, through the annual motion of the Sun come about, but also [come about] without imperfection of the real retrogradation and station of them.

[XV.] These [things] being tasted beforehand, Copernicus (in the following chapter—that is, the 10th) treats of the order of the Planets in the System of the World; and both from their light received from the Sun, and from the fact that the three superior [planets], about their evening rising—that is, when they are opposed to the Sun—become nearer the earth, but are removed most when, having become morning [stars], they are conjoined to the Sun; and [from the fact] that Venus and Mercury too, by the opinion of some of the ancients, go about the Sun: he concludes that not the Earth, but the Sun, is the center of their motion—about which Mercury, then Venus, afterward the Earth with [its] handmaid the Moon, hence Mars, Jupiter, and Saturn are revolved. And the annual motion of the earth, which (ch. 5 & 9) he had indicated, and had said [was] not inept for saving the Phenomena of the heaven, he now—shame at last being conquered—introduces absolutely into the System of the World, saying:


[Margin: Copernicus now absolutely introduces the annual motion of the Earth.]



"But indeed, all these [orbs] resting upon a single middle: it is necessary that the space which is left between the convex orb of Venus and the concave [orb] of Mars be discerned [as] an orb too, or a sphere, homocentric with those [two] according to either surface; which [space] may receive the earth, with its handmaid the Moon, and whatever is contained under the lunar globe. For in no way can we separate from the earth the Moon, which exists—beyond controversy—nearest to it; especially since in that space (that is, between the convex of Venus and the concave of Mars) we find a place suitable enough, and abundant, for it. Accordingly we are not ashamed to confess that this whole [region] which the Moon encircles, together with the center of the earth (that is, all the spheres of the Elements and of the Moon), passes through that great orb among the other wandering stars by an annual revolution about the Sun; and that about it (that is, near the Sun) is the center of the world: so that, the Sun also remaining immovable, whatever appears as a motion of the Sun is rather verified in the mobility of the earth." There follows, therefore, the order of the spheres established and described by Copernicus, as you discern in the appended system.


[Translator's note — engraved diagram, System VI = the Copernican (heliocentric) system: at the center, the radiant Sun (S); about it, in widening circles, ☿ Mercury ("Revolution of ~80 days"), ♀ Venus ("Revolution of ~9 months"), then the Annual Orb of the Earth and Moon ("Orbis Annuus Terræ et Lunæ — the annual orb revolves," carrying the Earth ⊕ with the Moon, period 365¼ days), then ♂ Mars ("Revolution of [~2] years"), ♃ Jupiter ("Revolution of 12 years"), ♄ Saturn ("Revolution of 30 years"); the outermost band is the immobile sphere of the Fixed Stars (marked with ✶), to be separated from Saturn's circuit by an almost immense interval.]



In which [system] the Sun is to be placed not indeed in the very center of the World (if you listen to Copernicus), but about, or near, the center of the world, [at] a distance from that center as great as is, among the Ptolemaics, the eccentricity of the Sun's orb in respect of the center of the earth—because the Planets, according to the Ptolemaics, regard, in their second inequality or anomaly, the mean motions of the Sun (that is, the equal [motions]), which the annual motion of the Earth furnishes in this place about the world's center; about which the nearest to the Sun, Mercury, is carried by a revolution of nearly 80 days; then, in a chaster (that is, wider and more remote) orb, Venus, by a revolution of about 9 months; about which [Sun] the globe of the Earth and water, with the whole elementary sphere, and with the Moon and the Lunar heaven, is turned in a period of 365 days with a quarter of a day; and above this orb Mars (in nearly a two-year [period]), Jupiter (in a twelve-year), and Saturn (in a three[ty]-year period) are all revolved toward the Eastern region; but the outermost sphere of the Fixed [stars], to be separated from Saturn's circuit by an almost immense interval, rests immovable.


[Margin: The effect of the Earth's annual motion in respect of the Sun alone.]



[XVI.] This annual motion of the Earth being substituted for the annual revolution of the Sun, two kinds of τῶν φαινομένων [tōn phainomenōn], or appearances, are simply explained: the first in the Sun and Moon, the second in the five lesser Planets. Of the Phenomena pertaining to the Sun let us hear Copernicus (bk. 1, ch. 11) thus discoursing: "The second is the annual motion of the center of the earth, which describes the circle of the Signs about the Sun, running likewise from West into East—that is, advancing in consequentia [eastward]—between Venus and Mars, as we said, together with the [things] resting upon it: namely, with the elements and the Lunar heaven, [which] lean upon the center of the Earth. Whence it comes about that the Sun itself seems, by a similar motion, to pass through the Zodiac; just as—for example—the center of the earth passing through Capricorn, the Sun seems to pass through Cancer; out of Aquarius [the Sun seems to pass into] Leo, and so on, as we said."

For let there be, for clarity's sake, in the next following diagram, near the center of the Universe the Sun at S; from which center describe the celestial Ecliptic with the four cardinal points, which the appropriate letters indicate—namely A, the beginning of Aries, C of Cancer, L of Libra, and K of Capricorn; but in the plane of this Ecliptic, and from its same center, describe the interior circle EFBD, which the center


[…continues on p. 301 (PDF 336): "…[which the center] of the Earth delineates yearly by its motion, from E through F and B to D, until it returns again to E" — with two engraved figures (the annual parallelism of the axis, and the combined annual-plus-diurnal motion with the lunar system), and Riccioli's account of the seasons, the Sun's apogee/perigee vs. the Earth's aphelion/perihelion, and lunar phases & eclipses.]





(printed p. 301 — continuing Chapter IV: Riccioli's worked example of the annual motion using a first diagram — the Earth at four seasonal stations about the Sun, its axis kept parallel — showing how it yields the seasons, apsides, and eclipses exactly as in the geocentric hypothesis. A second diagram then combines the annual and diurnal motions with the lunar system and phases.)
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[which the center] of the Earth delineates yearly by its motion, from E through F and B to D, until it returns again to E. For it will be manifest that, if the center of the earth be at E, under the beginning of Aries, [then] to an eye G, on the


[Translator's note — engraved Diagram 1 (annual parallelism): the radiant Sun (S) at the center of the celestial Ecliptic, whose four cardinal points are A (Aries), C (Cancer), L (Libra), K (Capricorn). On the inner circle (the Earth's annual orb) the Earth-globe is drawn at four positions — E (toward Aries), F (toward Cancer, top), B (toward Libra), D (toward Capricorn, bottom) — each globe carrying its pole P, its ecliptic-line G…I, and H, with the axis kept always parallel to itself; the Moon (N) is shown beside the Earth at B. The figure shows that, as the Earth runs E→F→B→D, the Sun appears successively under the opposite signs.]



surface of the earth looking toward the Sun S along the line EGSBL, the Sun itself will appear under L, the beginning of Libra; but the center of the Earth having advanced from E to F, under the beginning of Cancer, the inhabitant of the Earth will see the Sun S along the line FSK, under the beginning of Capricorn; hence, the Earth proceeding into B, or to the beginning of Libra, the Sun will be seen to be under the beginning of Aries A; and the Earth carried forward to D, under the beginning of Capricorn, the Sun will appear to it under C, which is the beginning of Cancer; and so concerning the other Signs all [things] are to be understood, according to opposition. Wherefore, when the Vernal Equinox happens for us, the Earth is in the autumnal section—that is, under the beginning of Libra in respect of the Fixed [stars], or rather in respect of the Rational Zodiac; and when the Autumnal Equinox happens, the Earth is under the vernal section; and when the [summer] Solstice happens, it is under the beginning of Capricorn; but when the Winter-solstice [Bruma], under the beginning of Cancer. Wherefore, just as the revolution of the diurnal whirling of the Earth effects for us the vicissitudes of days and nights, so the annual revolution [effects] the four seasons of the year, and brings back every variety within them which the Sun [brings] in the Ptolemaic hypothesis—the axis of the terrestrial Equator being supposed, however, inclined to the plane of the Ecliptic by 23½ degrees, and at right [angles] to the Equator, and always parallel to itself, as we shall say below.


[Margin: How the Sun's apogee and perigee correspond to the Earth's aphelion and perihelion.]



Moreover, since the center of the annual or great orb is distant from the center of the Solar body by as great a portion on the line of the Apsides as, in other hypotheses, is supposed to be the Eccentricity of the Solar orb (that is, [its] distance from the center of the universe); and [since], in this age, the greatest distance of the Sun from the Earth—or its Apogee—is about the beginning of Cancer, or about the 7th degree of it, but the Perigee about the 7th degree of Capricorn: it follows that the Sun is then apogee (that is, most distant from the Earth) when the Earth itself, by its own motion, has come under the 7th degree of Capricorn—for then it will behold the Sun under the 7th degree of Cancer, and itself in turn will be aphelion (that is, most distant from the Sun); but on the contrary the Sun will be perigee, and the Earth perihelion, when the Earth has come to the 7th degree of Cancer, where it will behold the Sun under the 7th degree of Capricorn.


[Margin: The effect of the annual orb in respect of the Sun compared with the Moon.]



And since the Earth carries with itself the Lunar heaven, and the Moon goes about the Earth—now interposed between the earth and the Sun, at the new moons, now having the Earth between itself and the Sun, as at the full moons—not only eclipses, but also the other aspects of the Moon to the Sun, are represented to the Earth itself just as if the Earth rested in the center of the world, and the Sun were carried around through its annual orb.

[XVII.] It pleases [me], however, to set before the eyes by a peculiar diagram those [things] which we have said about the annual revolution mixed with the diurnal, and about the Moon. Therefore, from A, the center—in which the center of the Sun nearly is—describe the Earth's annual orb BECD; and, a center being made on its periphery at C, describe from it the terrestrial globe, whose Ecliptic FGOH is in the plane of the great orb BECD, but whose Equator FIOL is inclined to it


[…right column, p. 301 (PDF 336) — running head "TERRAE MOTAE. 301" — continues:]



at an angle GFI, or HFL, of 23½ degrees. Let the portion of the earth illuminated by the Sun—that is, the diurnal hemisphere—be HFI, and the nocturnal HOI, casting into the part turned away from the Sun the terrestrial shadow HXZI, which—although the figure shows it truncated—do you conceive extended right up to the apex of its cone. Then draw through C, to the surface of the terrestrial globe, several straight lines designating the greatest circles of the earth, at right [angles] to its Equator if you choose the position of a right sphere, or oblique if [the position] of an oblique [sphere], which may serve now for the Meridian, now for the Horizon: of which kind, for example, let FCO be, which represents the meridian of the inhabitant F, who has midday, and of the inhabitant O, who has midnight; whose right Horizon to the Equator is HCI.


[Margin: The succession of hours from the Earth's diurnal revolution.]



And since the Earth, [resting] upon C, is turned about the center of its body toward the East, from O to H, and in the space of 24 hours is wholly revolved, it comes about that to the eye [at] H the Sun rises, and to the eye [at] I it sets; while to the eye [at] F it is midday, and to the eye [at] O midnight. But after three equinoctial hours, the Meridian FO rolls down to the position PQ, and the Horizon HI to the position MN; neither actually discharges the office of Meridian or of Horizon, but retains only the common character of a circle of Declination and an Hour-circle. Wherefore, the eye [at] O being transferred to Q, it will be the 3rd hour after midnight; and the eye [at] Q being borne to H, the Sun will rise; but the eye which was at H, carried down to M, it will be the 3rd hour after sunrise; and the eye [at] M—for which before it was the 3rd Babylonian hour, or 3 before midday—being now borne to F, it will be midday; but the eye [at] F, which first enjoyed midday, being rolled down to P, it will be the 3rd hour after midday; and the eye [at] P, borne to I, the Sun will now set; and the eye which three hours before was at I, carried off to N, it will be the 3rd hour after sunset, or 3 before midnight; at last the eye which had been at N, revolved to O, it will be midnight. And so concerning the other hours of the day, and the vicissitudes of days, according as the Horizons designated to the Equator on the terrestrial globe are more or less right or oblique.


[Translator's note — engraved Diagram 2 (combined annual + diurnal motion, with the lunar system): a large outer circle (the Earth's annual orb D…E…B) about the central radiant Sun (A); near the top, the Earth-globe is drawn greatly enlarged at position C, tilted, with its day-hemisphere toward the Sun and its dark shadow-cone (X…Z) stretching away above; around it are marked the ecliptic and equator points (F, G, O, H, I, L), the rotating meridian/horizon positions (M, N, P, Q, R), and the encircling lunar orbit STRV with the Moon shown at successive phases (new at S, dichotomy at T, full at R, etc.); below, the small inner system about the Sun A shows the Moon's phase-globes (n, r, m, u) and points p, q.]

[Margin: Lunar Phases and Eclipses, [given] the Earth placed outside the center of the world.]



Now, for the Lunar system, from the center of the earth C describe the circle or orbit of the Lunar heaven STRV, in which the new Moon—interposed between the earth C and the Sun A, illuminated toward the Sun but dark toward the earth—will be able, if its latitude from the great Ecliptic of itself, or on account of the parallax of latitude, does not stand in the way, to cover the Sun from the Earth by a total or partial Eclipse; but the same [Moon], in the first quarter, will be seen διχότομος [dichotomos], or bisected, at T, and such will it appear to the eye [at] I, the Sun setting; or nearly such to eyes not far removed on this side or beyond I. Now, a semicircle being completed, the Moon will be at R, and will appear, to the hemisphere HOI, full of light—unless a slight latitude from the plane of the Ecliptic has carried it within the sha-


[…continues on p. 302 (PDF 337) with the catchword "bram": "…within the sha[dow]" — the rest of the lunar-eclipse account (the full Moon darkened in the Earth's shadow), and presumably the third (declination/parallelism) motion of the Earth.]





(printed p. 302 — continuing Chapter IV: the lunar-phase account closes, followed by the phases of Venus and Mercury and the apparent stations and retrogradations produced by the two motions. Then begins the "compendium" by which the Earth's single annual motion explains the phenomena of the five lesser planets, set out in numbered heads — the motion of commutation, the shared mean motions, and the merely apparent stations and retrogradations.)
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—shadow of the earth; for then it will undergo an Eclipse. At last, at V, at the time of the second quarter, it will appear bisected—and indeed, to the eye [at] H, the Sun rising; from which phases the others are most easily given to be understood. You see, therefore, that it is not necessary, for these [phases] or for the Eclipses of the Luminaries, that the earth be in the center of the universe A; but that the Sun can be in it, and the Earth be removed by a due interval from that center, provided that it carries with itself, through the annual orb, the system of the Lunar heaven and the elementary sphere, resting upon that same center C.


[Margin: Certain things about the phases of ♀ Venus and ☿ Mercury are tasted beforehand.]



But if it please [you] to describe, from A, the interior orbs of Venus (u p n) and of Mercury (m q r), which the great orb contains within itself, it will at once appear how, to the eye [at] I (for which we set the Sun to set), Venus appears at u [as] an evening [star], in its greatest digression from the Sun, and nearly horned, not yet plainly bisected; as also Mercury [is] an evening [star] at m. But to the eye [at] H, for which the Sun rises, Venus will appear at n [as] a morning [star], and Mercury at r [as] a morning [star], each with a sickle-shaped light; but in the other places of its orb [each appears] now in one phase, now in another; while at p and q they will be hidden utterly behind the back of the Sun.


[Margin: A certain station, direction, and retrogradation of terrestrial bodies, by force of the diurnal and annual motion.]



Lastly, from these two motions—the Diurnal, by which the Earth [is turned] about its own center, and the Annual, by which the center of the Earth, with the whole atmosphere and the Lunar heaven, is transferred toward the East—it follows that the motion which these bodies daily undergo by force of the annual motion turns out unequal by force of the diurnal: because the Diurnal [motion] of the points of the terrestrial surface, in the whole arc IOH (which is nearly the nocturnal arc), is direct and swift, and toward the same eastern region in which is the motion of the center C; and therefore it adds to the Annual motion, and most of all at the point O, of midnight, where the highest velocity occurs. But in the arc HFI (which is nearly the diurnal arc), the diurnal motion is, as it were, retrograde toward the western region, and subtracts from the annual motion of the center—especially at F, the point of midday, where the highest slowness is; but near the points H (for which the Sun rises) and I (for which it sets), the motion is nearly stationary, and the diurnal [motion] adds nothing to, nor takes anything from, the annual motion of the center C: for which diversity consult the Tables to be set down (ch. 22, num. 1). Wherefore all the points of the Earth set outside the center, and all bodies earthy and watery, or of thicker air, following the motion of the Earth, daily turn out once direct, once retrograde, and twice stationary; and such would they appear to an eye established at A, the center of the annual orb.


[Margin: The Moon stationary and retrograde by force of these [motions].]



But the Moon too, in its circle STRV, is each month compelled to be once Direct in the arc TRV—namely from the first quarter T to the second V, and swiftest at the full moon R, as to its monthly motion conjoined with the annual—but from the second quarter to the first of the other Lunation it becomes Retrograde, and slowest at the new moon S, but at the quarters Stationary. But about these stations, directions, and retrogradations of the Earth and Moon, see, if it please [you], what we shall more conveniently say below (ch. 14, from num. 4, and ch. 19, from number 12).


[Margin: The effect of the Earth's annual motion in respect of the lesser Planets.]



[XVIII.] Now further, the effects of the Annual motion of the Earth in respect of the five lesser Planets, and the phenomena represented through it by a truly wonderful compendium, are very many, and are summarily indicated by Copernicus (bk. 1, toward the end of ch. 9), where he says of the annual circuit: "Since, if it be transferred from the solar [motion] into the terrestrial, the Sun's immobility being granted, the risings and settings of the Signs and of the Stars (namely the heliacal [ones]), by which the morning and evening [phenomena] come about, will appear in the same way: the stations too, retrogradations, and progressions of the wandering [stars] will be seen to be motions not of them, but of the Earth, which they borrow for their appearances." But in the same book (ch. 10, and bk. 5, ch. 2 & 3, and ch. 21 and 26) he explains many other of their phenomena through the annual orb, for representing their second inequality or anomaly of the orb; and the same [things] have been diligently reviewed by Georg Joachim Rheticus (in his First Narration), Kepler (in the Cosmographic Mystery, ch. 1, and in the Epitome of Copernican Astronomy, bk. 4, from p. 542, and in the Introduction to the Commentaries on Mars), Galileo (Dialogue 3, On the System of the World), Pierre Gassendi (Epist. 2, On motion impressed by a translated mover, and in the Astronomical Institution, bk. 3), and the Philolaus revived, published at Paris. Of which it is permitted to enumerate the chief, briefly.


[Margin: The second anomaly of the inequality of the Planets explained by the single Great Orb.]



First. Since it has been observed that the five lesser Planets, besides the first equality or anomaly which they have in their periodic motions independently of the Sun, have also another (and that the greater and more frequent one), depending on the Mean motion of the Sun according to the ancients, or the True [motion] according to the more recent Astronomers (per what was said in bk. 7, sect. 1, ch. 7); and since that diversity arises, in the ancient hypothesis, from the revolution of the Sun toward the Planets—which is swifter than their own proper motion in Saturn, Jupiter, and Mars, but slower in Venus and Mercury—all that anomaly is excused through the annual approach of the Earth itself (from which we behold the Planets) toward the Planets, or its recession from them; and the Sun turns out [to be] the center of the Planetary system, as it is the fount of motion and of light. Which equivalence Copernicus indicates (bk. 1, ch. 5, from those words "Which being assumed, etc."), and (bk. 5, ch. 1), where he calls the motion of the Earth toward the Planets the motion of commutation. For he says:


[Margin: What is the "motion of commutation" in Copernicus?]



"There is, then, privately to each Planet, its own revolution of commutation—I mean the motion of the Earth toward the Planet, which they unfold between themselves. For we say that the motion of commutation is nothing else than that in which the equal motion of the Earth exceeds the motion of those [planets]—as in Saturn, Jupiter, Mars—or is exceeded [by it], as in Venus and Mercury." Wherefore that Anomaly, which in Ptolemy is called the motion of inequality or of diversity, and among the Alfonsines the Anomaly of the argument, and by Longomontanus the Motion of Anomaly, and by many the Anomaly of the orb; [and which] in Copernicus and in the Prutenic Tables is called the Anomaly of Commutation; and which is explained by the ancients through five orbs, together with the Sun's Eccentric—this is represented by Copernicus through the single Great Orb of the Earth's annual motion; and thus are removed the three epicycles of the superior [planets] and the two Eccentrics of the inferior, which Ptolemy employed for explaining that second diversity.


[Margin: The Earth's annual motion causes the identity of the [mean] motion of ☉ Sun, ♀ Venus, ☿ Mercury.]



Second. There seems to be rendered the reason why the Sun, Venus, and Mercury are equal in [their] mean motion of longitude—that is, have equal revolutions of longitude—according to that [saying] of Plutarch (On the Opinions of the Philosophers, bk. 2, ch. 16): "Plato and the Mathematicians think the Sun, Venus, and Mercury are moved with equal motions." Whence it comes about that the table of the mean motion of the Sun serves also for computing the mean motions of Venus and Mercury. For the reason, according to Copernicus, is that they do not have three distinct orbs, as in Ptolemy, but the single annual motion of the Earth accomplishes their motion in longitude—as being enclosed within the great orb. And from the fact that the Earth is revolved about these three Planets, the Earth-dwellers reckon that those [planets] are carried about themselves [as] immovable, and out of one motion they make three. Hence, pressing the ancient system, Copernicus (bk. 1, ch. 10) says: "But what cause will they allege, who place Venus under the Sun, then Mercury, or separate [them] in another order, that they should not likewise make separated circuits, and diverse from the Sun, as the rest of the wandering [stars]?"


[Margin: The appearance of stations and retrogradations from the single annual motion of the Earth.]



Third. There seems to be rendered the reason why the five lesser Planets appear Stationary and Retrograde, and do not always go forward Direct—which seems the greatest imperfection in the celestial bodies, and which kept the ancients much troubled, as may be seen in Vitruvius (bk. 9, ch. 4) and Pliny (bk. 2, ch. 16), and before them Apollonius, as we narrated more fully (bk. 7, sect. 5, ch. 3). For in the Ptolemaic system, in reality, on account of the motion of the superiors [being] hindered in their Epicycles, or tempered by the motion of the other orb of the inferior Planets in their Eccentric orbs, sometimes they move not at all as to true motion beneath the Fixed [stars], but seem to stand; but sometimes they go back toward the West. But in the Copernican hypothesis a Phenomenon of this kind is a mere appearance, arisen not from the object itself or the real motion of the Planets, but from the translation of our eye with the Earth. For because the Earth, overtaking by its annual motion the superior and exterior Planets, is swifter than they, and leaves behind it those [planets] which it saw before it, afterward, at its back, toward the opposite regions of the world; but on the contrary is slower than Venus and Mercury, the interior Planets (or [those] enclosed in the great orb), and allows itself to be surpassed by them in antecedentia—[hence] they seem sometimes to go back, and in the transit from a direct course to a retrograde, or from a retrograde to a direct, to stand still; whereas in reality it is the Earth that makes these commutations of aspects and of motions by its single motion. How this happens we have already set forth by diagrams suited to it (bk. 7, sect. 5, ch. 4).


[Margin: The Earth's annual motion frees the Sun and Moon from stations and retrogradations.]



Fourth. Hence there seems to be rendered the reason why the Luminaries do not appear stationary or retrograde: for the cause is that the Sun indeed rests, while the Earth is always moved with an equal motion in consequentia; wherefore the Sun too [seems] toward the opposite par-


[…continues on p. 303 (PDF 338): "…the opposite par[ts]" — the Sun always seems to advance, the Moon neither to stand nor recede (its motion being common to Earth and lunar heaven); then Fifth through Eleventh more Copernican advantages, and [XIX.] the fixed-star parallax objection with its Aristarchus/Copernicus solution.]





(printed p. 303 — continuing the numbered compendium of what the annual motion explains: why the Moon is never stationary or retrograde, the sizes of the retrograde arcs, the planets' elongations, epicycle proportions, the superiors' behavior at conjunction and opposition, latitudes, and altitude variations. The page then raises the great objection — that the annual orbit should cause a parallax of the fixed stars — answered by their immense distance.)
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—parts always seems to advance to itself; but the Moon seems neither to stand nor to go back, because the annual motion of the Earth is common to the Earth and the Lunar heaven; and two mobiles which have the same motion toward the same regions seem to be mutually at rest: whence the motion of the earth is not discerned in the Moon, as in the other planets. But in the Ptolemaic hypothesis the reason for this difference is rendered more laboriously.


[Margin: The variety of the arcs of station and retrogradation, from the earth's annual motion.]



Fifth. From the same place is sought the reason why a greater progress, and a smaller regress, appears in the Planets nearer the Earth than in the more remote—that is, why the arc of direction is larger in Mars than in Jupiter, and in Jupiter than in Saturn; larger likewise in Venus than in Mercury; but the arc of Retrogradation [is] smaller in the same, as is clear from the table set down (bk. 7, sect. 5, ch. 2, num. 4). But, on the contrary, why the alternations of station and retrogression appear more frequently in ♄ [Saturn] than in ♃ [Jupiter], and in ♃ than in ♂ [Mars], and likewise more frequently in Mercury than in Venus. Namely because the Earth, by its motion, more swiftly overtakes Saturn than Jupiter, and Jupiter than Mars; but contrariwise [it is overtaken] more slowly by Venus than by Mercury. Which vicissitudes Copernicus touched in those words (bk. 1, ch. 10): "For hence it is permitted to observe—to one contemplating not sluggishly—why a greater progress appears in Jupiter than in Saturn, and a smaller than in Mars; and in Venus [a greater] than in Mercury. And [why] such a reciprocation appears more frequent in Saturn than in Jupiter, but rarer still in Mars, and in Venus than in Mercury."


[Margin: The reason for the elongations from the Sun, from the annual orb.]



Sixth. Hence likewise appears why Saturn, Jupiter, and Mars can elongate from the Sun by a whole semicircle, but Venus and Mercury not by a whole semicircle, but far less. Namely because the orbs of the three superior Planets are outside the great orb of the Earth, and larger than it; but [the orbs] of the inferior [planets] are interior and smaller, as will be clear to one contemplating the system set down at number 15. But if you stand by the Ptolemaic hypothesis of nature, [then,] observations being set aside, no cause appears why an orb as great as is Mars's, and Jupiter's, or Saturn's Epicycle, could not be assigned to Venus and Mercury, and [why] they could not, embracing the earth by their circuit, elongate from the Sun by a whole semicircle.


[Margin: The size of the Epicycles and Equants, from the annual orb.]



Seventh. From the same situation and motion of the Earth there seems to stand the reason why in the larger orbs the Epicycles are smaller, and in the smaller [orbs] larger. For in Ptolemy, if one wishes to maintain the prosthaphaereses of the orb, Saturn's Epicycle is smaller than Jupiter's, and Jupiter's than Mars's, while nevertheless the Eccentric carrying Saturn's Epicycle is larger than Jupiter's, and Jupiter's than Mars's: which is to ask why the prosthaphaeresis of Mars's orb is larger than Jupiter's, and Jupiter's larger than Saturn's, and Venus's larger than Mercury's. But the reason is, that as each of the superior Planets is nearer to the Earth's orb, the annual orb of the earth has a larger proportion to it, and appears larger. But the true orbs of Mercury and Venus about the Sun are those which the ancients thought [to be] Epicycles; and Mercury's, as being the swiftest, is also the smallest orb. Thus is removed the vastness of the Epicycle of Venus, and of Mars—[a vastness] certainly excessive, in Ptolemy, in respect of the Deferent.


[Margin: The direction of the Superiors at conjunction, and retrogradation at opposition with the Sun, from the Earth's annual motion.]



Eighth. The annual motion of the Earth seems to bring with it the cause why the Superior Planets are always direct at conjunction with the Sun, and retrograde at opposition—which Ptolemy cannot give a priori, if it be asked why they do not always move with the Epicycle in antecedentia. But by the single annual motion of the Earth into the same parts into which the Planets move in their orb, it follows that the Earth, being placed between them and the Sun (that is, in oppositions with the Sun), leaves them behind, at its back, by its velocity; but in conjunctions has them before itself, [though they be] slower. And thus far as to the motion of longitude.


[Margin: The Earth's annual motion renders the Planets' inclinations to the Ecliptic constant.]



Ninth. The variation of latitudes from inclination, arisen from the approach of the Planets toward the Earth, or [their] recession, in the Ptolemaic Epicycle, requires five diverse librations and variations of the inclinations; but if the Earth itself be supposed to approach them and recede [from them] by [its] annual motion, all the orbs will be inclined most constantly to the Ecliptic, and those superfluous librations will be removed; and thus much more simply, and through a prior cause, the Phenomena of latitudes are saved—especially in Venus and Mercury. See, however, what we said (bk. 7, sect. 4, ch. 5, Scholium 3).


[Margin: The Earth's annual motion is the cause why ♄ ♃ ♂ appear larger and nearer at opposition with the Sun.]



Tenth. As to the motion in altitude: through the single annual orb of the Earth approaching the lesser Planets and receding from them, the reason at once appears why the three superiors at opposition with the Sun appear largest and are perigee (since the Earth then approaches them); and at conjunction appear smallest and are apogee, namely because the Earth is then most elongated from them. Hence too it becomes manifest why Venus and Mercury, about the evening conjunction, are both perigee and larger, but especially Venus. But hear what Copernicus says of Mars (bk. 1, ch. 10): "For hence it is permitted to observe, etc. Moreover, that Saturn, Jupiter, and Mars are nearer the earth at their acronychal [rising] than about their occultation and apparition. Especially Mars, made all-night-visible [pernox], seems to equal Jupiter in magnitude, distinguished only by [its] ruddy color; but there—that is, about [its] conjunction with the Sun—it is scarcely found among the second-magnitude stars, [and is] known [only] to those pursuing [it] with diligent observation. All which proceed from the same cause as is in the earth's motion." For these and similar causes, and to remove the imperfection of the Ptolemaic Equant (which begs the equality of motions from a foreign circle), Copernicus betook himself to the annual motion of the earth—which he himself confesses (bk. 5, ch. 2), saying: "These and similar [things] furnished us an occasion of thinking about the mobility of the earth, and other modes [of thinking], by which the equality and the principles of the art might remain, and the reason of the apparent inequality be rendered more constant."


[Margin: Given the Earth's annual motion, the Planets' motion is simple, nor through another's heaven.]



Eleventh. All the motions of the Planets being considered—in length, breadth, and depth—and the solid orbs being removed, as they ought to be, it is necessary, in the hypothesis of the resting Earth, that the Planets be carried about through far most perplexed spirals, and such as we sketched, in Mars, from Kepler (bk. 7, at the end of sect. 1); and that Mars, Venus, and Mercury enter the heaven of the Sun. But, the annual motion of the Earth being posited (besides the diurnal), the Planets describe the simplest orbs about the Sun, nor does any of them intrude itself into the region of another. Wherefore [it is] no wonder if, by so many allurements of a most beautiful and most compendious equivalence, the Copernicans so greatly loved this hypothesis; and Copernicus called the annual orb of the Earth the Great Orb, as we said. Which would be of greater excellence if (as some think) through it alone the reason were rendered of the motion of the Solar spots, of the Lunar libration, of the passage of Comets, [and] of the flux and reflux of the sea—about which below.


[Margin: The effects of the [Earth's] motion and of the annual Orb in respect of the Fixed stars.]



[XIX.] But although the Phenomena of the Sun and of the other Planets, through the annual orb of the Earth (carrying the Moon with it), are saved, yet the Phenomena of the Fixed [stars] do not seem able to be saved. For it would be necessary that, the Earth receding from the Fixed [stars] through the whole diameter of the great orb (which is as great as the doubled distance of the Sun from the earth), and again approaching just as much, the Fixed Stars should appear there smaller, here larger; nay, the meridian altitudes of the same Fixed [stars], observed from the Earth existing under Cancer, would appear much different than when the Earth is under Capricorn. Which diversity, however, has appeared in no phenomena up to now. But for this inconvenience most sagaciously did Aristarchus provide (as Archimedes reports at the beginning of the Sand-Reckoner), and Copernicus—when they posited so great a distance of the Fixed [stars] from the world's center that the semidiameter of the great orb, compared to it, has no sensible ratio, and on that account exhibits no perceptible parallax in the Fixed [stars]; or (what falls back to the same) by positing the whole great orb [as] so tiny, and the sphere of the Fixed [stars] so vast, that in respect of it the annual orb is like a point—by nearly the same reasoning by which the earth itself, in respect of the supreme heaven, is said to be a point. And this indeed is the cause why Copernicus, meeting these objections (bk. 1, ch. 5), said that he does rightly: "if anyone deny that the earth obtains the middle or center of the world, yet does not confess that the distance is so great as to be comparable to the sphere of the non-wandering stars." And again (ch. 10): "Accordingly we are not ashamed to confess, etc., that the magnitude of the world is so great that, although the earth's distance from the Sun, compared to any other orbs of the wandering stars, has a magnitude evident enough in proportion to their amplitudes, [yet] compared to the sphere of the non-wandering stars it does not appear: which I think is more easily to be conceded than that the intellect be distracted into an almost infinite multitude of orbs—which they were compelled to do who held the earth in the middle of the world." And at last, at the end of the same chapter, [he says] that distance


[…continues on p. 304 (PDF 339) with the catchword "illam": "…that distance" — the rest of the Copernicus quotation on the immensity of the fixed-star sphere, and (presumably) the third Copernican motion (the declination / parallelism of the Earth's axis).]





(printed p. 304 — completing the parallax objection with Copernicus's exclamation on the immensity of the world; then what Kepler and Bullialdus added to the annual orb (the elliptical orbit with apsidal line through the Sun). Under a new sub-head the Third Motion — the declination or parallelism of the Earth's axis — opens, with its nature, authors, and the spinning-top analogy.)




[Header: BOOK IX. SECTION IV. — 304]



—that [distance] of the Fixed [stars]—confirming [it] from the constant appearance of [their] magnitude, and from [their] scintillation—he concludes: "But that nothing of these [things] appears in the fixed [stars]—that is, no variation in [their] apparent diameter—argues their immense loftiness, which makes even the orb of the annual motion (or its image) vanish from the eyes, if indeed the annual orb were beheld from the Fixed [stars]: since every visible [thing] has some length of distance, beyond which it is no longer beheld, as is demonstrated in optics. For that there is still a very great [interval] between the highest of the wandering [stars], Saturn, and the sphere of the Fixed [stars], their scintillating lights demonstrate: by which token they are chiefly distinguished from the Planets; and [because] between the moved and the non-moved there had to be the greatest difference. So great, forsooth, is this divine fabric of the Best and Greatest [God]."


[Margin: Copernicus's exclamation [epiphonema] for the immensity of the World.]



But in ch. 8 he had said that the end or boundary of the world cannot be known, and accordingly that it cannot even be determined whether it be finite or infinite. And (ch. 11) he says: "Provided you remember that the distance of the Sun and Earth has already exceeded our sight in the sphere of the fixed stars"; and (bk. 3, ch. 15): "If there be between the Sun and the Earth a distance which cannot be estimated [compared] to the immensity of the sphere of the fixed [stars]."


[Margin: What Kepler and Bullialdus added to the Copernican annual orb and motion.]



[XX.] Thus far the tenets of Copernicus about the motion of the Earth—the annual [motion]—to which Kepler and Bullialdus [added] two other characters, and Kepler moreover a third also. For Kepler (in the Epitome of Copernican Astronomy, pp. 538, 718, & 763, and in the Commentaries on Mars, ch. 5, 6, 33, & 52), and Bullialdus (bk. 11 of the Philolaic Astronomy, theorems 2, 6, 11, 12), taught that the line of the Planetary apsides passes through the center of the body of the Planet and of the Sun—and so that the Earth's apsis too is drawn through the same center of the Sun; and that the center of the Sun is the center of the universe, but that the center of the great orb is distant from it not indeed by the whole, but by half the Eccentricity of the Solar orb asserted by Ptolemy or Copernicus. Then each [of them] tried to show that the path of the Planets—and so the Earth's orbit—is not perfectly circular, but Elliptical. Lastly Kepler contended that the Earth, no otherwise than the other five Planets, is carried about by the Sun by a magnetic virtue, while [the Sun], rolled about its own center with an almost monthly whirling, emits from itself a certain species or quality, which whirls about the Planets [as if] grasped by hand, according to the measure of [their] distance and interval—which, however, Bullialdus denies. Which [things] are explained elsewhere, nor are they to be importunely repeated here. But we must come to the third and fourth motion of the Earth.

The Third Motion of the Earth is explained, [the motion] which includes the Declination of the Axis of the Equator, turning itself into the antecedent [signs]

[XXI.] We have not yet exhausted the whole depth of the Copernican hypothesis; and the deeper one descends into it, the more of genius and precious subtlety it is permitted to dig out. A third motion, then (which includes within itself a fourth and almost a fifth), Copernicus saw must be admitted—that he might represent the unequal vicissitudes of the artificial days and of the diurnal arcs, and at the same time the anomaly of the precession of the Equinoxes (which others call the unequal motion of the Fixed [stars], with a trepidation or libration toward East and West), and finally the anomaly of the obliquity of the Ecliptic (which others call a second trepidation, or libration toward the sides of the world)—transferring [all this] from the celestial spheres into the single globe of the Earth, [so as] to represent it through one libratory and nodding [nutabundus] conversion of the terrestrial axis: which motion he called the [motion] of declination, or of the convertible Inclination of the terrestrial axis, or of the reflexion of the axis into the antecedent [signs], with an adjoined libration. Which motion is indeed most difficult to our apprehension, especially since it is involved with the diurnal revolution of the Earth and with the annual circuit of the center—as Galileo himself confesses (Dialogue 3, On the System of the World, Latin p. 289—for we have said it is now translated from the Italian into the Latin idiom); granted that he confesses the system of Copernicus, which is arduous to our imagination, [to be] most easy in effect to nature herself. I shall try, however, to exhibit this motion likewise as little obscure as may be, out of those [things] which Copernicus handed down to us about it (bk. 1, ch. 11), from those words: "To this circle, which is through the middle of the Signs, and [to] its surface, the Equinoctial circle and the axis of the earth must be understood to have a convertible inclination: as far as


[Right column, p. 304 (PDF 339) — running head "LIBRI IX. SECTIO IV." — continues:]



to the end of the chapter," and (bk. 3, ch. 3 & 4); [and] Georg Joachim Rheticus (in his First Narration, from those words: "Thirdly, [that] the equinoctial and the axis of the earth have a convertible inclination to the plane of the Ecliptic," as far as those [words]: "But concerning the Sun's apogee"—or, if you read its old edition, from column 31 to 40); Kepler (in the Epitome of Copernican Astronomy, from p. 113 to 118); Galileo (Dialogue 3, On the System of the World, from Italian page 372 to 394, but from the Latin


[Margin: Authors who explained the Third motion of the Earth more lucidly.]



[page] 280 to 297); the Philolaus revived; and Pierre Gassendi (Epistle 2, On motion impressed by a translated mover, from p. 128 to 132, and again from p. 137 to 141)—who, taken together by me, seem to have embraced all [the things] necessary for understanding this motion. But lest the medley of these motions—more entangled and disparate than contrary—should seem to anyone impossible, the imagination must be prepared and disposed by some similitude of better-known motions. Let there be, then, in the first place, a Top [Turbo] AB, whose axis [is] CD; which top, bound about with a whip-cord (as boys are wont [to do]), and then thrown onto the pavement by the force of the impetus impressed from the boy's arm, describes—by a slower gyre—the arc of a larger circle CEF; but, by the force of the motion impressed from the cord, it has conceived a very swift whirling, and, before it is rolled from C, through E, to F, it marks out very many little circles spirally, or screw-wise [cochleatim], on the pavement—say at C, O, E, P, F—and indeed by turning itself into the same part,


[Translator's note — engraved diagram (the spinning-top analogy): a child's top AB (axis CD), shown skipping along an arc and marking little loops at C, O, E, P, F (proceeding from G through H toward K), with the top drawn large at the right as a wobbling cone — its nodding cusp C, handle/crown D, and the axis seen "split" into the directions DC, ML, NI. A side-note warns: "In this figure the little circles around C, O, E, P, F ought not to be concentric, as the engraver badly formed [them], but [should be] a spiral, or screw [helix]."]



namely from G, through H, toward K. Observe then the titubation [staggering] of the axis DC, by which it so wavers this way and that that it seems ever to threaten itself with a fall; and, on account of that vibration of the nodding cusp C and of the crown or handle D, [observe it] to flicker with three-forked tongues, so that not one but a manifold axis can seem [to be present], or [the axis seems] split into three—namely DC, ML, NI—or into more. At last, when, gravity prevailing and [the top] inclined to one side from the line of the center of gravity, it has fallen down, you will see it, as to appearance, revolved by the contact of the pavement into the contrary region. By this example, therefore—dissimilar indeed in some conditions, but similar in many—you will easily understand how it can come about that the globe of the Earth slowly describes, with its center, the circle of the annual or great orb, and yet at the same time is revolved into the same eastern part, top-wise into itself, by a diurnal whirling repeated 365¼ [times], and nonetheless its axis, by a certain third motion of libration, wavers about, and is able to describe either little circles or twisted garlands [corollas].

In another way you will conceive the same readily. Let there be a round wooden table, or a wooden disc, whose half meanwhile the preceding figure CEF represents; and to its margin let there be fixed a little vessel full of water—say at C—on which water floats a little wooden globule, having beneath an iron point, [and] above a wooden [point] over against the iron, as though produced on both sides from the axis of the globule, so that the iron [point] stands out under the water, the wooden above the water; then, a finger being put into the water along the margins of the vessel, drive it [the water] around, and with it [drive] the water from G, through H, into K, so that the water conceives a very swift whirling; and at once, the finger being withdrawn, turn around about its own axis R the wooden disc—slowly, however, from C to O: for you will see, meanwhile, the water, by several eddies, enwrap with itself the wooden globe into the same region, and at the same time the wooden cusp of it nod somewhat, and waver tremblingly, by describing a certain little orb or garland. By which example, and others like these, it is given to understand how easily nature, or some Intelligence, can revolve the terrestrial globe about by three similar motions.

[XXII.] This preparation being supposed (although to more robust minds by no means necessary), let us now betake ourselves to Copernicus, who (bk. 1, ch. 11), when he had said that, the plane of the great orb being placed in the plane of the Ecliptic, the terrestrial Equa-


[…continues on p. 305 (PDF 340): "…the terrestrial Equa[tor] and its axis must have a convertible inclination" — Copernicus's reasoning that, without this third motion, there would be no variation of seasons; the figure (no. XVI) redrawn for the four seasons; and a second figure for the solstitial days.]





(printed p. 305 — continuing on the third motion: Copernicus's reasoning that without it there would be no variation of seasons, so the axis is turned back into the antecedent signs to remain always parallel to itself, the small residual being the precession. Riccioli redraws Copernicus's figures in two diagrams walking through the four seasons, and notes the axis's "reflexion" is more like rest than motion.)
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[the terrestrial] Equa[tor] and its axis must have a convertible inclination, at once subjoins the reason: "Since, if they remained fixed—namely the terrestrial Equator and axis—and simply followed the motion of the center [alone], no inequality of days and nights would appear, but always either the [summer] solstice, or the winter-solstice, or the equinox, or summer, or winter, or whatever same quality of season, would remain like itself. There follows, therefore, a third motion, of declination, by an annual revolution likewise, but [reflecting] into the antecedent [signs]—that is, reflecting contrary to the motion of the center. And so, the two [motions] being mutually almost equal and opposite, it comes about that the axis of the earth, and in it the greatest of the parallels, the equinoctial, look toward almost the same part of the world, just as if they remained immovable. The Sun meanwhile is discerned to be moved through the obliquity of the Zodiac by that motion by which the center of the earth [is moved]: no otherwise than if it [the Sun] were the center of the world—provided you remember that the distance of the Sun and earth has exceeded our sight in the sphere of the fixed stars (that is, [that it] is imperceptible and of no sensible quantity, if it were beheld from the fixed [stars])." Lest, therefore, the axis and the terrestrial Equator be moved according to the ductus of the great orb (or Ecliptic), but remain always parallel to itself, or keep itself equidistant in that position in which it once was at the time of the first Equinox or Solstice, Copernicus thinks there is need that, while the center of the earth is turned in the periphery of the annual orb, the axis of the terrestrial Equator reflect itself little by little into the antecedent [signs], and thus have a convertible inclination to the Ecliptic or great orb, so that—if it were produced—it would run, throughout the whole circuit of the year, into nearly the same parts of the world. Now, that he might in some way set before the eyes the difference of the solstitial days among themselves in an oblique sphere—and [the difference] from the equinoctial [days]—arisen from this threefold motion, Copernicus (in the same ch. 11) delineated that figure which we, with the Sun S added in the midst, and above EFBD the annual orb, [and] ACLK the celestial ecliptic, described at number XVI. Which is here to be set down again.


[Translator's note — engraved Diagram A (the third motion / parallelism of the axis; = fig. no. XVI redrawn): the radiant Sun S at the center of the celestial Ecliptic (cardinal points C = Cancer above, L = Libra left, K = Capricorn below, A = Aries right). On the Earth's annual orb the Earth-globe is drawn at four positions — F (under Cancer), B (under Libra), D (under Capricorn), E (under Aries) — each carrying its pole P, the equinoctial diameter G…I, and H, with the axis kept always parallel to itself; the Moon (N) is shown beside the Earth at B. Thus the Sun appears under the sign opposite the Earth's position.]



Let now the center of the earth be first at F, under the beginning of Cancer, from which let the terrestrial Equinoctial PGHI be described—not in the plane of the Ecliptic or great orb EFBD, yet in such a way that the diameter GFI is the common section both of the terrestrial Equinoctial and of the great orb or Ecliptic. Then draw the diameter HFP at right angles to that GFI; and let the southern limit of the greatest declination of the two planes (or of the obliquity of the Ecliptic to the Equator, or rather of the Equator to the Ecliptic) be P, but the northern H—which obliquity the angle HFS on the one side, [and] CFP on the other, measures, [of] 23 degrees 30 minutes.


[Margin: Representation of the winter-solstice [brumal] day.]



These things being set forth, the terrestrial inhabitants, while the earth is at F, under C [Cancer], will see the Sun S under Capricorn, effecting the winter [brumal] conversion—which the greatest northern declination H, turned toward the Sun, will exhibit: "Since," says Copernicus, "the declivity of the Equinoctial toward the line FS, through the diurnal revolution, turns out for itself the winter tropic parallel to the terrestrial Equator, according to the distance which the angle of inclination SFH comprehends." Or, perhaps more clearly: a line conceived immovably from the center of the Sun to the center of the earth is then understood, in the time of one diurnal revolution, to designate on the terrestrial surface a circle parallel to the terrestrial Equator, with as great a declination as is the angle SFH.


[Margin: Representation of the Vernal Equinox.]



Let now the center of the earth set out in consequentia; and, a quadrant being completed, let it be at B; and meanwhile let P, the limit of greatest declination, recede just about as much in antecedentia, a quadrant as it were of its own little circle being completed; and let the angle SFI meanwhile remain (on account of the equality of the revolutions) equal to the angle FSB—for the diameters will remain mutually parallel, namely PFH to PBH, and GFI to GBI; and likewise the terrestrial Equinoctial will be conserved parallel to itself; and these [things] will appear likewise designated in the supreme heaven, on account of its immense distance. Now to the Earth at B, under the beginning of Libra, the Sun S will appear under the beginning of Aries; and the common section of the great orb and of the Equator will coincide into one and the same line GBIS, to which the diurnal revolution admits no obliquity of the aforesaid circles, or declination—for every declination will be at the sides. Wherefore the Sun will appear at the vernal Equinox. Yet still the diameter GI will be in the common section of the aforesaid circles, nor on that account will the plane of the terrestrial Equator coincide with the plane of the great orb.


[Margin: Representation of the summer-solstice day.]



Let the center of the Earth now depart hence, the aforesaid conditions being kept; and, the other quadrant being completed, let it be at D, under the beginning of Capricorn—for the Sun S will be seen by it to enter Cancer C; and because P, the southern limit of declination by which the Equator is inclined to the Ecliptic, has been turned toward the Sun, it will make the Sun be seen in the opposite region (that is, northern), and running through the summer tropic, according to the measure of the angle SDP, which measures the inclination.


[Margin: Representation of the Autumnal Equinox.]



At last let the center of the earth go hence; and, a third quadrant being likewise completed, let it come to E, under the beginning of Aries; for on account of the aforesaid parallelism of the axis with itself, and of the Equator with itself, the common section GEI of the terrestrial Equator and of the annual orb (or Ecliptic) will fall into the line SE, without any declination; and accordingly the Sun S will be seen, having entered Libra L, to celebrate the Autumnal equinox.


[Margin: Another representation of the solstitial days.]



In another way, and by [another] diagram, Copernicus (bk. 1, toward the end of ch. 11) exhibits, on the terrestrial globe, the winter and summer tropic parallel, on the surface of the terrestrial globe, to its Equator, thus. In the subjacent plane let there be AC, the diameter of the Great orb, and the common section of a circle erected to this same plane; in which [circle], from the center of the Earth A (placed under Cancer) and C (under Capricorn), let there be designated, through the poles, the circle DGFI; and let the terrestrial equinoctial axis be DF, and let the Boreal [northern] pole be D, but the Austral [southern] F; and let GI be the diameter of the aforesaid Equinoctial.


[Translator's note — engraved Diagram B (the solstitial days): two Earth-globes joined by their common axis-line, one at A (under Cancer), one at C (under Capricorn); each globe shows the polar circle DGFI, the axis DF (north pole D = "Boreas," south pole F = "Auster"), the equinoctial diameter GI, and the winter/summer tropics KL / MN.]



These being posited: when the pole F turns itself toward the Sun, and the inclination of the Equinoctial circle to the great orb (or to the Ecliptic), [being] Boreal, is under the angle IAL, then the diurnal revolution about the axis will describe the tropic KL of Capricorn, or [a circle] parallel to the southern Equator according to the distance IL, and will make the Sun appear at the beginning of Capricorn. Or, speaking more correctly, the diurnal motion about that axis will, to the sight, complete a conical surface, whose apex will be at A, the center of the earth, but [whose] base [is] KL, on a circle parallel to the Equinoctial. In like manner, but with the conditions reversed, all [things] will happen, the center of the earth being placed at C, under the beginning of Capricorn: for the diurnal revolution will describe the parallel, or northern tropic, MN, and will make the Sun appear at the beginning of Cancer. From which it follows, if nothing else befall this reflexion of the axis, that it [the axis] describes on the terrestrial surface, here and there, a little circle, about the axis of the terrestrial Ecliptic, [the latter] always equidistant from the great orb. Or rather—because the terrestrial axis conserves the same position toward the supreme regions of the heaven—the manner in which this retention comes about is more like rest than motion: [it is], as it were, a certain continence and cohibi-


[…continues on p. 306 (PDF 341) — running signature "Q q" — with the catchword "nem": "…cohibi[tion]" — i.e. the axis's "third motion" is rather a holding-fast that keeps it parallel to itself; then, presumably, the fourth motion (the precession-libration) and Riccioli's appraisal.]





(printed p. 306 — continuing Chapter IV: Galileo's figure for the threefold motion of the Earth, walked through the four seasons; then begins the observation that the parallel axis, prolonged, would describe a giant cylinder whose bases mark a circle on the firmament seen only as a point — so the axis seems to regard the same point of heaven forever, Galileo's "admirable accident.")




[Header: BOOK IX. SECTION IV. — 306]



—tion, as Galileo and Gassendi acutely note.


[Margin: Galileo's diagram for the threefold motion of the Earth.]



[XXIII.] Opportunely, however, the mention of Galileo suggests to us another way, and another figure, by which he (Dialogue 3, On the System of the World) gave to view this admixture of the three motions of the earth—which figure we shall expound more briefly. Therefore, from O, near the center of the Sun, let the Great Orb ♋, ♎, ♑, ♈ be understood [as] described; and at these four cardinal points let the Earth be understood [as] established by turns, by the annual revolution of the terrestrial center, whose axis—produced by imagination outside it—is AB, parallel to itself in every place of the annual orb; and let the diameter of the great orb from Capricorn to Cancer be ♑ O ♋, over which (or, [reckoning] to the plane of the great orb) the axis AB is inclined [by] 23½ degrees—or so that the angle O♋B, or O♑A, is 66½ degrees. For you must conceive the axis AB, with the line ♑O♋, [to be] in one and the same plane, which is right (or orthogonal) to the Ecliptic plane of the great orb ♋ ♎ ♑ ♈—which Galileo with difficulty represents through this figure. And let the Boreal [northern] pole of the terrestrial axis be A, above, and the Austral [southern], below, B—about which axis the Earth, by a revolution of 24 hours, describes innumerable parallels; but, for clarity's sake, let there be designated on its surface now the Equinoctial CD, and parallel to it the winter Tropic GN and the summer Tropic EF; then the Arctic circle IK, and the Antarctic LM.


[Translator's note — engraved Galileo's figure for the threefold motion: the radiant Sun O at the center of the annual orb, whose four cardinal points are marked with the signs ♋ Cancer, ♎ Libra, ♑ Capricorn, ♈ Aries (with the intervening signs along the rim). The Earth-globe is drawn at the four cardinal positions, each shown with its tilted axis A (north) –B (south), the Equator CD, the tropics EF (summer) / GN (winter), the polar circles IK (arctic) / LM (antarctic), and the day/night (bright/dark) hemispheres turned toward or away from the Sun — the axis kept always parallel to itself.]

[Margin: Representation of the [summer-solstice] day and of the summer tropic.]



Let us now consider the Earth placed at the beginning of Capricorn. Since the axis AB declines from the perpendicular—[set up] over the diameter of Capricorn and Cancer—[by] 23½ degrees toward the Sun O, and the arc IK is [of] 47 degrees (but its half [of] 23½ degrees): the illumination of the Sun will light up the terrestrial hemisphere exposed to the Sun, and divided from the shadowy part by the boundary [finitor] IM—which boundary divides in two the greatest circle CD, but [divides] the other parallels into unequal parts, since IM does not pass through their poles AB; but the parallel IK, with [those] enclosed within it, will remain wholly in the illuminated part; just as the parallel LM, and [those] enclosed within it, will remain wholly in the shadowy part. Moreover, since the arc IK is equal to the distance of the Tropics FDN, and the half of that half [is] FD, and the arc from F to the pole A is common to both, the arcs IKF and AFD will be equal, and each will constitute a quadrant. And because the whole arc IDM is a semicircle, the arc FM will be a quadrant, and equal to the arc FKI; and accordingly the Sun O, in this place of the Earth, will be vertical to [one] existing at the point F. But on account of the diurnal revolution about the stable axis AB, all the points of the parallel EF pass through the same point F; therefore on this day the Sun, at the point of midday, will be vertical successively to all dwelling on the said parallel EF; and it will be seen by them to describe, by an apparent motion (which in reality is the earth's), that Tropic which we call [the Tropic] of Cancer. But to all inhabitants beyond the parallel EF, toward the Boreal pole A, the Sun will decline from their zenith toward the South; but on the contrary, to those dwelling on this side of EF, toward the Equinoctial CD and the Austral pole B, the midday Sun
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will decline from their zenith toward the Boreal pole A. In this place likewise it appears that the semi-diurnal arc ♑D is equal to the semi-nocturnal ♑C, on the Equator CD, because the boundary of light IM alone cuts it in two; but the semi-diurnal arcs on the parallels above CD, toward the Boreal pole A, are larger than the semi-nocturnal; but on the contrary, below CD, toward B, [they are] smaller than the semi-nocturnal; and those who are in the illuminated part, or [within] the arctic circle IK and within it toward A, enjoy perpetual day; whereas those who are in the Antarctic LM and within [it] are wrapped in perpetual night.


[Margin: Representation of the [winter-solstice] day and of the winter tropic.]



Let the Earth now be in the situation diametrically opposite—that is, under the beginning of Cancer ♋. For it will be manifest, since the Axis AB has remained parallel to itself, nor has sensibly changed [its] inclination, that the aspect and situation of the Earth toward the Sun retains all the rest as in the former situation—similarly indeed, but with an opposite similitude. For the hemisphere which before was shadowy is illuminated by the Sun, to which it is turned; and the Sun becomes, at midday, vertical to those dwelling on the parallel GN; but it has declined toward the South for the inhabitants of the parallel EF, descending from their zenith through the whole arc ECG of 47 degrees; and so the Sun has passed from one Tropic to the other, descending in the Meridians through the said space of 47 degrees. Moreover, those who dwell under the Arctic parallel IK, and within it, are overwhelmed by perpetual night; but those who [dwell] under the Antarctic LM, or within it, enjoy perpetual day; and the semi-diurnal arcs on this side of the Equator CD, toward the Austral pole B, are larger than the semi-nocturnal; but beyond the Equator, smaller than the semi-nocturnal; and to those dwelling on the parallel EF, the Sun O will be seen to describe that Tropic which we call [the Tropic] of Capricorn.


[Margin: Representation of the equinoctial days.]



Let us now behold the Earth, in the upper figure, at the beginning of Libra ♎—from which it discerns the Sun O under the beginning of Aries ♈. Now the axis of the earth (which in the former figures was understood [to be] inclined over the diameter of Capricorn and Cancer, and accordingly to be in the same plane which, cutting the plane of the great orb along the line of Capricorn and Cancer, was erected perpendicularly to it)—if it be transferred to the present figure, and, keeping its parallelism to itself, will be in a plane likewise erected to the surface of the great orb, and parallel to that plane which orthogonally cuts the same surface along the diameter of Capricorn and Cancer. Hence it comes about that the line O♎, which is drawn from the center of the Sun to the center of the Earth, turns out perpendicular to the axis AB. But the same line, drawn from the center of the Sun to the center of the Earth, is always perpendicular to the circle that bounds the light [terminator]; therefore the circle bounding the light will pass through the poles A, B, and in its plane will be the axis AB. But from the Spherics of Theodosius, the greatest circle passing through the poles of the parallels divides them all in two, or into equal portions; therefore the boundary-of-light circle ACBD will divide the parallels so that IK, EF, CD, GN, and LM are each semicircles; and the illuminated hemisphere will be that which [is turned] toward us in this diagram; and the Vernal Equinox will come about for all the inhabitants of the earth. From which is given to be understood the cause of the other, the Autumnal Equinox, when the Earth shall be at the beginning of Aries ♈.


[Margin: Two notable [things] in the parallelism of the terrestrial Axis.]



[XXIV.] But Galileo adds—and likewise Kepler and Gassendi—that, from the fact that the axis of the terrestrial Equator remains parallel to itself throughout the whole circuit of the year, if it were produced on both sides outside the earth as far as the firmament, it would come about that it would describe a huge cylinder (or column), whose either base would designate on the firmament a circle as great indeed as is the annual orb, but which—beheld from the earth, on account of the immense distance of the fixed [stars]—would be like a point; and on that account the axis of the earth is said to regard perpetually the same part of the heaven, and to be turned toward the same point. Granted [that], in strictness, this hypothesis, just as it does not acknowledge an Equator in the supreme heaven, so neither [acknowledges] a pole of the Equator; but the aforesaid bases could be substituted for the poles, which the terrestrial axis would be said to regard. But Galileo, using a subtler scrutiny, noticed in this very place a certain admirable accident. For just as the axis of the earth, keeping the same direction toward the supreme sphere of the Fixed [stars], makes the Sun seem to us, within the circle of one year, to be elevated in the meridian through an arc of 47 degrees, and meanwhile exhibits no [perceptible] ascension of any one and the same Fixed [star] in the meridian, or sensible change of declination; so, on the contrary, if the axis of the earth persi-


[…continues on p. 307 (PDF 342): "…[if the axis] persisted continually in the same inclination toward the Sun" — there would be no change of seasons, but a 47° annual change of fixed-star declination; then [XXV.] Riccioli's own clarification of the parallelism (the cone-figure), and [XXVI.] the oblique-cylinder construction.]





(printed p. 307 — completing the "admirable accident" (a Sun-fixed axis would give no seasons but 47° of stellar declination change); then Riccioli's clarification: if the axis kept a fixed inclination to the great-orb's axis it would describe a cone and the pole-star would shift 47° in six months, proved with a cone-diagram. Hence the axis must instead be kept parallel on an oblique cylinder.)
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—[if the axis] persisted continually in the same inclination toward the Sun—or (what is just the same) toward the axis of the Zodiac—no change would appear in the meridian declination of the Sun: wherefore the inhabitants of the same place would always have the same diversities of days and nights, and the same constitution of the four seasons of the year; and accordingly some would be compelled to endure perpetual winter, some perpetual summer, but others would enjoy perpetual Spring or Autumn. But, on the contrary, the greatest change would appear in the Fixed Stars as to declination, so that, in the Meridian within one year, they would vary [their] declination by 47 degrees—as great as is the distance of the Tropics.


[Margin: Our explanation for the aforesaid parallelism.]



[XXV.] But indeed, since Copernicus explains the conservation of the axis of the terrestrial Equator, and of the Equator itself, each in its own parallelism, by a certain motion of the axis in antecedentia—which motion, however, does not seem to some necessary, or necessarily to be distinguished from the other motions; and [since] it could still seem obscure to someone what it is to lead the center of the terrestrial globe according to the ductus of the Great Orb, or what it is for the terrestrial axis and Equator to follow simply the motion of the earth's center—that each scruple may be removed by us as far as can be done: First we say [that], if the axis of the Equator, always inclined to the plane of the great orb (or Ecliptic) [by] 23½ degrees, were so carried around with the center of the terrestrial globe about the periphery of the great orb that it always kept the same inclination to the axis of the great orb, it would keep neither its own [parallelism] with itself, nor the parallelism of its Equator with its [own] Equator, nor would it regard the same regions of the supreme heaven, but other and other: for it would describe, by its annual motion, either the frustum of a right cone—or, if it be understood [to be] produced, a right cone, whose axis would be at right [angles] to the circle cutting the cone, and the lines of the terrestrial axis, produced for the diverse situations, would cut one another beyond at the apex of the cone, making with the axis of the cone an angle of 23½ degrees. Wherefore, if the pole of the terrestrial axis, inclined toward the axis of the great orb, were the Boreal pole (which now dwells under the Boreal pole, and sees above its zenith the Cynosure, or pole star—or at least one not distant from its zenith by a whole 3 degrees), after six months it would see that [star] distant from its zenith by about 47 degrees. For the evidence of which matter: let ABCD be the great orb, whose diameter is AEC, and at right angles to it [let there be] the axis of the great orb OER. Let there now be assumed, at A, the angle EAK, of 66½ degrees, and


[Translator's note — engraved cone-diagram (the alternative that Riccioli rejects): the great orb ABCD (diameter AEC, Sun/center E, the orb's axis OER). The Earth-globe is drawn at eight positions — A (Cancer), I (mid-Leo), B (Libra), L (mid-Scorpio), C (Capricorn), N (mid-Aquarius), D (Aries), G (mid-Taurus) — each globe OMSQ with Equator MQ and axis OS drawn tilted. If the axis kept a fixed inclination to the orb's axis, all the axis-lines would converge at an apex K (to the right), forming the cone YKZ, and on the left the cone FKX; the far points Z (Cynosure) and Y mark where the prolonged axis would meet the firmament.]



likewise at C an angle equal to it, ECK; for, AK and CK being produced equally on both sides, on this side beyond the point of concourse K as far as Z and Y, but on the other side beyond the diameter of the great orb—KA indeed to F, but KC to X, and


[Running head, p. 307 (PDF 342): "DE SYSTEMATE TERRAE MOTAE. 307" — right column continues:]



[these being] connected by the straight line FOX, with the termini F and X, and by the straight [line] YRZ, with the termini Y and Z: there will be designated the sides and the diameters of the bases of two right cones—namely the cone FKX and YKZ—of which the former is cut orthogonally by the plane of the great orb. Let there then be chosen eight situations of the center of the terrestrial globe on the periphery of the annual orb; namely, the beginning of Cancer at A, the middle of Leo at I, the beginning of Libra at B, the middle of Scorpio at L, the beginning of Capricorn at C, the middle of Aquarius at N, the beginning of Aries at D, the middle of Taurus at G; and from these points let there be described a circle OMSQ, indicating in some way the globe of the Earth, in which let the Equator be MQ, and its axis, at right angles to its Equator, be OS—yet in such a way that, in whatever place of the Earth, the axis of the terrestrial Equator so keeps an inclination of 23½ degrees to the plane of the Ecliptic that, produced by imagination, it concurs on one side at that same point K, the axis of the great orb (at which we said AK and CK concur), and thence is drawn as far as the line YZ; [and] on the other side, produced, it is understood [to reach] as far as the line FX. For these [things] being kept, the directive line of the axis, while the earth is at I, will be PIK; while at B, will be OBK; while at L, will be TLK; while at N, will be VNK; while at D, will be ODK; and while the Earth shall be at G, the directive line of the axis will be HGK; and so of the other places of the earth. And thus, on account of the same inclination kept to the axis of the great orb (or on account of the concourse of the lines of the produced axis at the same point K), there will be described the surface of a right cone at the end of the annual circuit; but neither will the terrestrial axis be parallel to itself, nor the terrestrial Equator to itself, since the axes of the Equators converge and concur at the point K. Let us now imagine that, while the earth is at A, the eye is at the northern pole S of the terrestrial axis, and sees in its zenith the Cynosure Z (or [a star] on the vertical line ASKZ, but situated at an immense distance): for when, after six months, the Earth shall have come to C, the eye at S, remaining at the Boreal pole, will have for its vertical line the line CSKY, and through it will see its vertical point or Zenith distant from the Cynosure by as great an angle as is YKZ—namely 47 degrees. For since, by construction and hypothesis, the angle CAK is 66½ degrees, and as many [for] ACK—that is, together 133 degrees—the angle AKC will be (by [Elements] 1.32 & 15) the complement to two right [angles], namely [the angle] which is vertical to it, YKZ, [of] 47 degrees; and its half AKE, 23½ degrees. Wherefore KA, or KC, will indeed be longer than CA (granted it is expressed otherwise in the figure), yet not so [much] that, in respect of the far greatest KY or KZ, it cannot be neglected; so that if from A a straight line be drawn to the most remote Y, this will be, to sense, parallel to that KY: and so, just as the whole AEC, on account of the huge distance of the firmament, vanishes and is as a point, so also AK; and accordingly it is the same [thing] for the eye to be at S, the earth being placed at A or at C, as if it were at K; but it would first regard the zenith through KZ, and afterward through KY; therefore it would see the star Z, after 6 months, distant from its zenith by the whole angle YKZ, which we have shown to be 47 degrees.

[XXVI.] Since, therefore, the same inclination of the terrestrial axis being kept not only to the plane of the Ecliptic (or great orb), but also to the axis of that same great orb, it is impossible that the parallelism of the terrestrial axis with itself, and of the terrestrial Equator with itself, be kept: in order that we may obtain this parallelism, we shall so carry the center of the terrestrial globe around the circumference of the great orb that, the axis being produced both ways by the intellect, we conceive its length [to lie] in the surface of a cylinder oblique to the great orb, and through that surface we shall carry the axis around in the great orb; as may be beheld in the following figure, in which let the great orb, as above, be ABCD, and its diameter from Cancer A to Capricorn C be AC, which great orb cuts obliquely the cylinder FAYZCV. The earth, therefore, being placed at the aforesaid eight places A, I, B, L, C, N, D, G, set its axis OAS upon the side of the cylinder FAY; for if you carry it around, keeping it upon the surface of this cylinder, you will see, in every place of the earth, the axes OS parallel to themselves, and accordingly the Equators too MQ parallel to themselves, as being orthogonally permeable by their own axis. And conversely, if you have kept that axis parallel to itself throughout the whole annual circuit, you will describe by the axis itself a certain cylinder, which—if it be further produced as far as the Fixed [stars]—will designate, on either side in the firmament, a circle equal to the annual orb (namely, on this side FPV, on that YKZ), but which, on account of the immense distance, would be seen as a point; and accordingly, whether the earth be at A, or at B, or at C, etc., it will al-


[…continues on p. 308 (PDF 343) — running signature "Q q 2" — with the catchword "per": "…[it will] al[ways]" — with the second (oblique-cylinder) figure, completing Riccioli's demonstration that the "third motion" is really just the axis's parallelism (a holding-fast), not a separate libration.]





(printed p. 308 — completing the oblique-cylinder figure, which shows the axis kept parallel by the single annual motion without a really-distinct third motion; then, under a new sub-head, the Fourth Motion — the precession of the equinoxes and change of obliquity, represented by a single axis-libration — with corollaries that the 3-vs-4-motion count is merely formal and that if the fixed stars move eastward no third motion is needed at all.)
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—ways the axis OS will regard, to sense, the same little part of the heaven.


[Translator's note — engraved oblique-cylinder figure: a cylinder FAYZCV (its two slant sides drawn as hatched columns at left H–P–T and right Y–K–B–V), cut obliquely by the great orb; along the oblique mid-line the Earth-globe is drawn at the eight positions A, I, B, L, C, N, D, G, each globe OMSQ with Equator MQ and axis OS — all the axes drawn parallel to one another (lying on the cylinder's surface). It shows that carrying the axis around on the cylinder keeps it self-parallel by the annual motion alone.]

[Margin: Whether the 3rd motion of the axis is superfluous in the hypothesis of Copernicus.]



By this demonstration it appears that, if anyone, having grasped the terrestrial axis through its poles, carry it around—keeping both poles retained on the surface of the aforesaid cylinder, so that the center of the terrestrial globe is always on the periphery of the annual orb—by one and the same annual motion, without a third motion really distinct [from it], he will keep the parallelism necessary for representing the inequalities and vicissitudes of days and of the seasons. Nor, as to this, is the reflexion of the terrestrial axis into the antecedent [signs] necessary—granted that, for representing other phenomena, some other motion of the terrestrial axis could seem necessary, as we shall say presently; on account of which [other phenomena], and not precisely on account of this parallelism, Copernicus perhaps numbered that [reflexion] as a third or distinct motion (bk. 1, ch. 11).

The Fourth Motion of the Earth, adjoined by the Copernicans, is explained — which however to Copernicus is the Third

[XXVII.] We were just now saying that, for the parallelism of the terrestrial axis with itself—and so for representing those vicissitudes of days and nights which dwellers in an oblique sphere experience—a third motion really distinct from the diurnal revolution of the terrestrial globe and from the annual revolution is not necessary, provided that one so carries the axis of the earth around (while moving its center) as to keep it on the surface of a Cylinder oblique to the great orb, on whose surface, along its length and with both its poles, it shall once have been. But because the Fixed Stars seem to be moved in longitude by a certain slow progress—and Copernicus judged that this very motion (let alone the diurnal [motion] of the prime mobile) must be denied to the sphere of the Fixed [stars]—he transcribed the cause of this appearance to a motion of the earth's axis, so reflecting itself into the antecedent [signs] that the annual revolution of this reflexion is a little slower than the revolution of the center of the terrestrial globe: for hence it comes about that the equinoctial sections—or the points of the annual orb at which the equinoxes occur—turn out, each year (but scarcely sensibly), more and more western, or seem to go back into the antecedent [signs] against the series of the signs; but only after many years at length does this regression become known. Since, therefore, the apparent progress of the Fixed [stars] toward the East was apprehended by observations, by Hipparchus, Ptolemy, and the rest of the later Astronomers, no otherwise than by counting toward the East their distance from the Equinoctial points on some parallel of the Ecliptic: in just the same way they will seem to be elongated from those points—whether the Fixed [stars] themselves really move, or, they remaining immovable in their sphere, the equinoctial points themselves move, but toward the West. And therefore Copernicus substituted this precession of the Equinoxes (or of the Equinoctial points) for the motion of the Fixed [stars], referring its cause to the difference which is between the annual revolution of the center of the terrestrial globe (going in consequentia) and the annual revolution of the declining axis—so that it imperceptibly departs from its parallelism: which is to feign that the aforesaid cylinder, or its axis, is so moved little by little, by its extremities P, K, into the antecedent [signs], that with these same [extremities] it describes in the sphere of the Fixed [stars] as it were polar circles about the poles of the Ecliptic. Hence you will understand those words of Copernicus (bk. 1, ch. 11): "There follows, therefore, a third motion, of declination, by an annual revolution likewise (understand, of the axis), but reflecting into the antecedent [signs]—that is, contrary to the motion of the center. And so, the two being mutually almost equal (understand, motions) and opposite, it comes about that the axis of the earth, and in it the greatest of the parallels, the equinoctial, look toward almost the same part of the world, just as if they remained immovable." But why he applied the limitation, using the particle "almost," he sets forth toward the end of the same chapter in these words: "We were saying that the annual revolutions of the center and of the declination are very nearly equal; for if it were exactly so, the equinoctial and solstitial points, and the whole obliquity of the Zodiac, ought by no means to be changed under the sphere of the fixed stars: but since there is a slight difference, growing great only with time, it has been laid open—from Ptolemy down to us—[to be] of nearly 21 parts, by which they now anticipate. For which cause some have believed that the sphere of the fixed stars too is moved; to whom on that account a ninth sphere, the superior, has been pleasing; which, when it did not suffice, the more recent now superadd a tenth—yet not even so attaining the end which we hope to attain from the motion of the earth."


[Margin: What the "Royal Road" [Via Regia] is in Kepler.]



Wherefore, to defend both the apparent motion of the Fixed [stars] in longitude (together with its anomaly, asserted especially by the Alfonsines) and the changes of the obliquity of the Ecliptic, Copernicus substituted a single motion of the terrestrial axis (but nodding with a twofold libration) for the motion which others ascribed to the eighth, ninth, and tenth sphere. But how this libration of the terrestrial axis comes about, and by what reasoning both anomalies (namely of the precession of the Equinoxes and of the Obliquity of the Ecliptic) happen through it, Copernicus then sets forth (bk. 3, from ch. 3 to 6), and Rheticus (in the First Narration), and Kepler (bk. 7 of the Copernican Astronomy), and we ourselves have already sufficiently set [it] forth (bk. 2, ch. 29). Kepler adds, however, that to this motion too there concur both the magnetic fibers and that animal faculty of which [we spoke] above; and that, in order that the variation of the obliquity of the Ecliptic and the apparent [variation] of latitude in some fixed [stars] may be discerned and recalled to a just measure, one must conceive in the heaven a certain mean Ecliptic, fixed in the plane of the great orb, which he himself calls the Royal Road [Via Regia]. From these [things] gather now:


[Margin: First Corollary.]



First, that it is not repugnant to Copernicus or Kepler—who, in the aforesaid places, ascribe only three motions to the Earth, and call "the third" this one which we set forth (under nos. 21 and 27) as the third and fourth—it is not repugnant, I say, to Rheticus, Galileo, and Gassendi, who attribute four motions to it; for that modification which the terrestrial axis receives from the twofold libration (one in longitude, the other in latitude), for saving the anomaly of the precession of the equinoxes and of the obliquity of the Ecliptic, they take for a certain distinct motion—if not really (as it is said in the schools), at least formally.


[Margin: Second Corollary.]



Second, if a motion in longitude toward the East be conceded also to the Fixed [stars] themselves—as among the Copernicans Lansberge and Bullialdus do concede—and this motion be posited equal, so that there is no anomaly of the precession of the equinoxes (which I have taught to be more probable, bk. 3, ch. 28 & 30, and bk. 6, ch. 17), and finally [if] there be no variation of the obliquity of the Ecliptic—let alone any anomaly of this very variation (as I have likewise shown to be more likely, bk. 3, ch. 27)—then no third motion will be necessary to the Earth, and the Copernican hypothesis will be far easier both in understanding and in effect: for we have already said that, for representing all the other phenomena, the diurnal and annual revolution of the Earth suffices, provided that the annual orb have, with respect to the distance of the Fixed [stars], no


[…continues on p. 309 (PDF 344): "…no sensible ratio" — the rest of the Second Corollary; then a Third (Riccioli's encomium of Copernicus); then the SCHOLIA on the motion of falling/rising bodies (Copernicus, Kepler, Gassendi — with a tower/parabola figure).]





(printed p. 309 — completing the corollaries, including Riccioli's encomium of Copernicus ("would that he had restrained himself within the limits of this hypothesis"); then a Scholia on the motion of falling and rising bodies in the Copernican system: the composite straight-and-circular fall, Kepler's nearly parabolic figure, and Gassendi's tower-and-cannonball argument tracing a parabola in world-space.)
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—no sensible ratio, and the axis of the terrestrial Equator be conserved always in its parallelism; which we taught a little before can come about without a distinct motion.


[Margin: Third Corollary — Encomium of Copernicus.]



Third. Never have posterity sufficiently admired—nor will they [sufficiently] admire—the loftiness of the Copernican mind, and the depth of that breast, and the keenness of [his] genius, who by the motion of a single globe (how tiny is the earth in respect of the whole heaven)—and that a threefold [motion]—achieved what scarcely the greatest part of the Astronomers before him could celebrate, not without insane machines of spheres. For by the diurnal motion of the earth he represented the prime mobile, and freed all the other Planets—nay, the Fixed [stars] too—from that motion, which otherwise would have had to be accomplished by the vastest orbs or circles or spirals, not without an apparent repugnance to their own proper motion; and for the three Eccentrics of the Sun, Venus, and Mercury, and the three Epicycles of Saturn, Jupiter, and Mars, and their second anomaly in motion, he substituted a single orb and motion, the annual [motion] of the Earth; by which also he eliminated the apparent imperfection, in the same [planets], of Stations and Retrogradations, and the libration of inconstant latitude and of inclination to the Ecliptic. Finally, by the librational revolution of the single terrestrial axis, he absolved [accounted for] the proper motion of the fixed [stars], and the change of the obliquity of the Ecliptic, with the anomaly of each—that is, he cast three huge spheres down out of the heaven and did away with [them]. And what so many Atlases before [him] could not [do], this one Hercules dared to sustain. But would that he had restrained himself within the limits of this hypothesis!

SCHOLIA

[I.] Above, at number 7, we taught, from Copernicus, that the motion of heavy and light [bodies] naturally descending through the atmosphere (or the part of the air full of aqueous and earthy vapors and exhalations) does not in reality come about, in the space of the world, along a straight line perpendicular to the terrestrial surface, but along another line. And [we taught] that this motion is composed of straight and circular, and that the circular predominates in these bodies—because the straight does not befit them save when they are in a disordered state and translated outside their place, whereas the circular befits them per se in the first place, as being perpetually suitable to them, and consenting with the motion of the whole earth, of which they are parts: this, I say, Copernicus taught (bk. 1, ch. 8), and Galileo (Dialogues 1 and 2, On the System of the World); but of what figure and kind that line is, along which they thus ascend or descend, Copernicus did not determine; Galileo, however, taught that it is circular—as I shall more conveniently set forth (ch. 17), where also I shall explain Bullialdus's opinion, who judges this motion to be mixed of two circulars, and I shall show their error in the same place, at numbers 16, 17, 18.


[Margin: The error of the unnamed author about the serpentine line of descending heavy bodies.]



[II.] But what Kepler judged, he himself disclosed in a few [words] (bk. 1 of the Epitome of Copernican Astronomy, p. 132), where he first reproves I-know-not-whom, [as] affirming too inconsiderately that the fall of a stone toward the earth fluctuates with serpentine flexures on this side or beyond the perpendicular, so that the number of the flexures answers to the gyrations of the earth: against which assertion he noted that the stone, deserted by the parts of the Earth over which it hung perpendicularly from the beginning, comes into the raptus [snatching] of the succeeding neighboring parts, [being] always deflected toward that region into which the Earth is rolled—weakly indeed at the beginning, but at the end more and more, because the raptus from the nearer ravisher is stronger. For he thinks that heavy bodies tend toward the earth by a mutual magnetic force, that they may be united to it, and are snatched or drawn by the earth, that it may unite them to itself for the conservation of its whole globe.


[Margin: The figure of the descent of heavy bodies according to Kepler.]



[III.] This error being eliminated, Kepler at once subjoins there that, if some heavy body should fall from the most remote celestial place A toward the earth, [the earth being] rotated in one certain place, the figure of the motion would be nearly that which he depicts (with rude Minerva) in the prior part of the appended diagram; in which the circle of the earth is divided into 24 parts, and into as many [parts] the line of fall AEF—but unequal, and above shorter, below longer; and the parts of the circle, each in its order having now discharged its office of drawing, now restored to their places; but, for example, the three preceding [parts] alone, at the end of the fall, did not draw [the heavy body] perpendicularly from the fall of the heavy [body]. And so the figure of the said fall, when it approaches the earth, seems nearly to imitate a parabolic line. But Kepler's error will be made manifest from what will be said (ch. 17, num. 16 to 18).


[Margin: Gassendi's opinion on the figure of the said motion.]



[IV.] But Pierre Gassendi (in Epistle 2, On motion impressed by a translated mover) teaches that motions of this kind—which seem to us perpendicular, whether in descent or in ascent—are in reality, in the mundane space, parabolic; yet he uses a heavy [body] thrown up to the perpendicular, and the following figure of the said motion (which we, however, have delineated more similar to a parabola). Let there be, then, a Tower AB, from whose foot A an iron ball is exploded upward by a firelock [sclopus] to the perpendicular; and let us imagine it, according to the experience of our sense, to arrive as far as the summit B: now, if the Earth moved not at all, the ascent being completed it would at once fall back from B into A, to the perpendicular. Let the Earth now be moved


[Translator's note — engraved tower / parabolic-trajectory figure: at the right stands the Tower A(foot)–B(top); at the left the rotating Earth-circle (center B, marked C above and D below). Along the horizontal baseline are the equal stages the tower occupies as the Earth carries it east — K, I, H, G, F, E, D, C, A — with the tower redrawn upright at each (CL, DN, EP, FR, GS, HV, IY, Kβ). The cannonball's path through world-space is the curve A–M–O–Q–R(apex)–T–X–Z–K, a parabola: it rises while the tower advances from A to FR, and descends while the tower completes FK.]



from A, the western point, toward the eastern K, and together with it the Tower; and let there be marked, by equal intervals, the spaces of the Tower occupied in the motion, which let be CL, DN, EP, FR, GS, HV, IY, Kβ; and when the ball reaches the summit of the Tower, by then the Tower itself will have completed the half AF of the interval AK, and will be at FR; but the remaining half FK it traverses meanwhile, while the ball descends from the summit of the Tower to its lowest foot. These [things] being posited, Gassendi affirms that, although the earth moves, the Tower nevertheless—translated from AB into CL—would desert the ball, if the earth at A did not adhere to him who throws [it]: in the same way as, if someone standing outside a running ship, on the nearby shore, while the mast of the ship passes by over against him, should throw a ball upward to the perpendicular by a firelock; for a ball of this kind will not follow the mast, but will be deserted by it. But on the contrary, just as, if he who throws that ball along the height of the mast adheres to the running ship, the ball follows the mast, nor is deserted by it—because he impresses on the ball a mixed impetus, namely mixed of that which the fire impresses upward, and of that which the transverse motion of the ship and of the sailor (as of one mover) impresses on the ball: so likewise, because he who throws the ball upward from A adheres to the running earth (going from A toward K), and is with it one mover, he impresses on the ball a motion mixed of the straight-upward and of the circular (or quasi-circular) transverse toward C; it follows that the ball is nowhere deserted by the Tower. Now, just as a ball thrown from a ship along the mast describes, to the eyes of the sailors, both in ascent and in descent, a straight perpendicular line—nor can the sailors in the same ship notice any other figure of the curvilinear motion, because that transverse motion is common to them and to the ball (but when two mobiles are moved with equal or similar velocity toward the same region, neither seems to the other to change place, but to stand in the same place over against the other)—and yet in reality that ball is moved along a transverse and curvilinear path very like a parabola, as those notice who, standing on the shore, are not moved with the motion of the ship: so indeed, because the motion of the ball thrown up from the foot of the Tower A by a mover resting upon the Earth itself (which meanwhile runs from A toward K, through C, D, etc.) is mixed of the perpendicular and the horizontal; and by the proper force of the throwing man the ball is exploded upward as far as the summit of the tower; but by the force of the earth's motion (carrying the tower from A to F) it arrives from A as far as R; and then, by the force of the same motion (from F to K, whither the Tower arrives, the other half of the interval being completed), and so that ball designates a parabolic line in the mundane space—namely the line AMOQRTXZK. For when the Tower is at CL, the ball ascends to M; and the Tower being carried to DH, the ball ascends to O; and the Tower being advanced into EP, the ball is carried up to


[…continues on p. 310 (PDF 345) with the catchword "ad": "…[carried up] to [Q]" — the rest of Gassendi's stage-by-stage trajectory, and presumably Riccioli's appraisal of these falling-body accounts.]
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—to Q; and the tower being carried to FR, the ball reaches the summit R; presently about to descend, and by an even descent it glides down from R, through T, X, Z, into K. Granted that neither that man who threw the ball upward, nor the bystanders adhering to the earth, notice that transverse motion—as being common to themselves and to the ball, and likewise swift and made toward the same region of the world; and therefore it seems to them to ascend and descend by a rectilinear and perpendicular motion only.


[Margin: A pre-emption of the objection, and its solution.]



[V.] "You will say," says Gassendi in the same place, "what if someone be held in the air, within a basket snatched up by a griffin? Will he notice the parabolic motion of the ball?" He answers, by no means: because he himself too, together with the griffin, the basket, and this lowest air, is (according to the Copernicans) carried toward the East by the common motion—no otherwise than, a quince being rolled about, its down is rolled around with it at the same time, and whatever little animal (say an ant) is contained within that down. Granted that he confesses that the air, on account of its fluidity, does not cohere so firmly with the watery vapors and exhalations, and therefore resists its raptus toward the East ever so little, and therefore seems to move gently toward the West; and that hence are those fannings of a continuous breeze which, in the open plains and on the Ocean within the Torrid Zone (where the motion of the earth toward the East is more vehement, but the resistance of the purer air toward the West appears greater), are felt much more evidently than in the valleys, or in the parts of the earth near the poles, [which are] slower—which very [thing] we said was noticed before by Galileo (preceding chapter, num. 6); about which wind I remember to have read in the Ramusian Navigations, and in our [own José de] Acosta.


[Margin: The perpetual wind within the Tropics toward the West.]



He himself adds—and Galileo (Dialogue 2)—that, just as, if within a running ship there be a vat full of water and live fishes swimming in that water at will, or the cabin of the ship be full of birds, flies, etc., the motion of the ship does not at all impede the proper passages of the fishes, bending themselves whithersoever; nor, if you leap on the deck of the ship toward one part, do you gain more or less space in the ship than if the same were done with the ship standing still: so neither does the common motion of the atmosphere impede the proper flights of birds, flies, etc., nor the peculiar blasts of winds, which drive clouds, chaff, and shavings. Since, however, the ball (of which [we spoke] in Scholium 4), when it begins to descend from the summit R, does not have an impetus impressed from the earth, nor perhaps from the air—or not so much as it had before from the earth—but is moved transversely by the common motion alone [shared by] all terrestrial things; it is therefore probable that, in this hypothesis, it will descend a little sooner from R into K, or rather [land] between K and I; but by a difference imperceptible to us.


[Margin: A heavy body from the mast of a running ship descends perpendicularly to the foot of the mast.]



[VI.] But because Gassendi seems to suppose for certain that a stone thrown up by a sailor to the perpendicular, along the length of the mast, or [dropped] by a man who is at the summit of the mast, descends to the perpendicular into the same place of the ship—lest you think this gratuitously supposed by him, consult his prior epistle, written On motion impressed by a translated mover to Pierre Dupuy [Puteanus]: for there, from p. 15, he narrates, as from a sure experiment, [that] if someone go out upon the Seine in a wherry, downstream, the boat being driven also by oars, that it may be borne with as great a speed as can be; and throw pebbles straight up from the prow, they fall back to the prow; if from the stern, to the stern; if from mid-ship, they glide back likewise to the middle; and although to those who are carried in the same boat the ascent and descent of the pebble seem made to the perpendicular (because they are borne by the common horizontal motion to the same [place]), yet to those who stand on the shore it seems to describe a parabolic line, begun upward from the place of projection, and terminated at the place of fall. And the very same [thing] about a heavy body let down from the mast of a ship—whether moving or unmoved—and in either case falling willingly to the foot of the mast, Galileo asserts (Dialogue 2, On the System of the World, Latin pp. 104 and 111), against the obstinate imagination of certain [men] who think (without any experiment) that, if the ship stand, it falls to the perpendicular at the foot of the mast; but if the ship move swiftly toward the East, that heavy body falls far beyond the foot of the mast toward the West—among whom were Tycho (in the Epistles, p. 190) and Chiaramonti (in the Defense of the Anti-Tycho). Nay, [Galileo] adds that if, the ship resting, a stone plucked from the top of the mast, or dropped by a man clinging to the summit of the mast, falls in the time of two artery-pulses; and then the ship be moved so swiftly that within the same [amount] of time it advances 20 cubits—the stone will nevertheless fall to the foot of the mast, and in no greater time than [that] of two artery-pulses, although it ran through a much longer way in the second case, because the length of the space to be traversed was compensated by the greater velocity (on account of the motion impressed from the mover, which is one [thing] with the moving ship).


[Margin: Notable [things] about motion impressed by a translated mover, from Galileo and Gassendi.]



[VII.] I now pass over many other—though otherwise worth-knowing—experiments and admirable effects of the mixed motion (as being impressed from a mover while it too is translated, whether by itself or by another), which Galileo pursues at length (the said Dialogue 2, from Latin p. 113), and Cabeo (bk. 1 of the Meteors, text 17, from q. 2 to 10), and Gassendi (in the prior of the aforesaid Epistles); and for our purpose I add only two more worthy of note.


[Margin: The motion of a ball thrown upward by a runner.]



The first is about a ball thrown by a man carried elsewhere in a chariot. For bid the charioteer urge on the horses and loosen the reins, and presently do you, who sit or stand in the chariot, throw a ball straight up with whatever impetus you will or can: for it will fall back into your hand, if you wish to recover it; for that ball follows the runner—because, namely, besides the impetus upward (from the force of your arm, considered alone) cast into it, you have moreover impressed an impetus of horizontal motion crosswise, by the force of the motion of the whole body, by which you were being carried along together with the chariot. And to you indeed, who are snatched crosswise by an equal motion, the ball will seem, in ascending and falling back, to describe a rectilinear and perpendicular motion; but to another, [standing] on a road at rest and not carried elsewhere by the same motion of the chariot, it will manifestly appear to describe a forward, curved, and parabolic path—of which kind is nearly the line ARK, designated above in the last diagram. The very same will happen, but downward, if from the running chariot you let the ball drop: for it will seem to you to fall into a point on which your eye perpendicularly rests; but he who is outside the chariot will see it borne forward, and fall down to the earth by a curved path.


[Margin: The skill of those who strike birds while they fly.]



The second is the experiment, or skill, of those who infest flying birds with a firelock so by-guess [stochasticè] that they mostly strike and bring them down: for, observing the bird's course and path, and its velocity (whether it flies up by an opposing or a following path, or flies away), in firing the ball or the leaden grains, they bend the barrel or iron tube; and by that bending there is impressed on the ball an impetus mixed of the straight-upward (by the force of the fire) and the transverse (by the force of the bending of the arm and of the firelock)—which accordingly either overtakes the bird as it flees, or anticipates it as it flies up to meet [them]. And hence at last it comes about that [a thing] leaping down from a driven chariot falls [forward], and the wine or water bursting from the spout of a cask, and a cannon-ball, fall to the earth along a parabolic line—namely on account of the motion impressed from a twofold mover or moving force: the perpendicular indeed downward, from native gravity; but the transverse, from the fire, or from the upper parts of the wine or water thrusting the lower [parts] out through the transverse spout. What I have said about the cannon-ball and its parabolic fall, our Cabeo too observed (in the Meteors, bk. 1, text 17, q. 4).


[Margin: The velocity of the parabolic path, and its proportion in velocity.]



[VIII.] That, then, the line of heavy bodies thrown upward by a direct effort, and gliding back down, is parabolic—if the earth be moved by the diurnal motion—seems sufficiently proved to Gassendi from the similar experiment of a globe or ball thrown up from a chariot or from a ship, but with a spectator outside the chariot and ship observing the way of the ascent and descent. But why, in the ascent, it traverses a longer way in an equal time toward the beginning (of which kind is AM) than toward the end (of which kind is QR); but contrariwise, in the descent, RT is shorter than TX, etc.—the cause is that in the beginning of the ascent the impetus of the thrower-upward is stronger, and predominates over the transverse impetus; but when the ball has reached the summit R, the impetus by the force of gravity begins to move [it] downward, and sluggishly, but at the end more intensely. But more must be said about this figure below (ch. 17, num. 16, 17, & 18), where, from other and firmer arguments, we shall inquire into the figure of this line: for more [things] will have to be supposed from our own experiments (let alone Galileo's) about the descent of heavy bodies and the increase of velocity, which here would be too importunely inserted.


[End of Chapter IV. The page closes with an ornament rule and the catchword "CA-" → Chapter V begins on the next printed page (p. 311, PDF 346): the ten arguments for the Earth's diurnal rotation are now to be proposed and refuted.]
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Chapter V, Ten Arguments for the Diurnal Revolution of the Earth are proposed and dissolved, drawn from the conditions of the Earth itself compared with the conditions of the Eighth or supreme Sphere


[Margin: A very necessary admonition.]



[I.] What I have resolved to observe, in this so celebrated and arduous controversy, with the whole effort of my mind—the same I should wish to be obtained from the Reader: namely, that all the arguments which are wont, or shall seem able, to be brought either for the Earth's motion or against it, be weighed in a most equal balance and with a sincere affection toward the truth; and that as much weight as can be be added to them; and that the arguments be unfolded one by one (which, often very many heaped together in one as it were sorites, confound the mind); and that with equal indifference, the prejudice of a presumed opinion being set aside, the responses to the arguments be balanced—the final and decisive verdict being held off until the very end of this disputation. Wherefore I shall not be loath to restrict the arguments, collected into syllogistic form, wherever it shall be needful.

First Argument, from the Figure of the Earth; where, in passing, [it treats] of the Figure of the Heaven

[II.] Copernicus went before the rest in this argument (bk. 1, ch. 8) with those words: "Whether, therefore, the world be finite or infinite, let us leave [that] to the disputation of the Natural Philosophers: holding this for certain, that the Earth, enclosed by its poles (that is, hemmed in by mountains), is bounded by a globose surface. Why, then, do we still hesitate to grant to it the mobility congruent by nature to its [own] form, rather than that the whole world should glide, whose end is unknown and cannot be known?" As if he should say: the diurnal motion of the prime mobile, if it must be conceded to one of the two bodies—namely either to the Earth or to the supreme heaven, which contains the whole world in itself—is rather to be attributed to that one which certainly has a spherical figure (as being, on account of the lack of angles, most apt by its own nature for the motion of whirling), than to that one whose figure is unknown. And it is certainly established that the Earth—nothing standing in the way of the roughness and very slight height of the peaks or mountains—is everywhere spherical, as is clear from what was said by us (bk. 2, ch. 1); but the supreme heaven the Stoics thought spherical (in Plutarch, bk. 2 of the Placita, ch. 1), [and] Pythagoras and Plato (in Laërtius, in the Lives), Cleomedes (bk. 1 of the Cyclic Theory), Pliny (bk. 2, ch. 2), Aristotle (bk. 2 On the Heaven, ch. 4), Ptolemy (bk. 1, ch. 3).


[Margin: Whether the heaven is spherical or not is uncertain.]



But the arguments of Aristotle, Cleomedes, Pliny, Ptolemy, and others, which are adduced for the roundness [of the heaven], are only probable; of which kind are those [drawn] from the mobility, the capacity, and the dignity of the spherical figure, or from a certain similitude with the divine Immensity, with the void space, etc. But those which are drawn from circular motion militate only for concavity, not for convexity, and already involve the very thing which we now call into controversy: and so the argument thence drawn for the finite extension of the outermost heaven and of the world has no force in the present question. Nor is it open from the sacred letters that the last heaven, as to its outermost surface, is everywhere round. For those words (Ecclesiasticus 24): "I alone have compassed the circuit of the heaven," and "the things which are contained within the ambit of the heaven"—can be understood of the concave visible surface of the heaven, or of the "circuit" broadly taken for a boundary closing on every side some space (as one is said to have gone round the whole city, even if it perchance has a square figure).


[Margin: The opinions of the Fathers about the figure of the heaven.]



Wherefore, that the heaven is only hemispherical, or expanded over the earth in the manner of a vault, an arch, or a tent, the Saints Justin (q. 59 & 130), Basil (Homily 1 on the Hexaemeron), Ambrose (bk. 1 of the Hexaemeron, ch. 6), Chrysostom (On the incomprehensible nature of God, ch. 2), and likewise Theophylact and Primasius (on the Epistle to the Hebrews), Theodoret (in the book On Matter and the World), Lactantius (bk. 3 On false wisdom, ch. 24), Euthymius (on Psalm 103), and Procopius, Severianus, and Acacius (on ch. 1 of Genesis) thought. Nay, St. Augustine (bk. 2 On Genesis to the letter, ch. 9) doubted whether it were not rather a human fiction of those saying the heaven is everywhere spherical—though afterward he concedes it: to say nothing of the profane authors who (in Plutarch, bk. 2 of the Placita, ch. 2) gave to the world the figure of a [spinning-]top or of an egg, or another diverse from the spherical. Although more other Fathers favor the roundness of the heaven—especially St. [Gregory] Nazianzen (Oration 4, Against Julian, and there Elias the interpreter; and in the Oration On Holy Baptism, and there Nicetas), St. Hilary (on Psalm 135), St. Ambrose (Sermon 12 on Psalm 118), St. Jerome (bk. 11 on Isaiah), St. Augustine (on Psalm 103, and bk. 1 On Genesis to the letter, ch. 20, and bk. 2, ch. 9), Bede (in the book On the creation of the six days), and with them Alensis [Alexander of Hales] (part 2, q. 50) and the Scholastics (on [Sentences] bk. 2, dist. 14). Whatever may be the case about the Empyrean—which some thought round, some square or cubic, as I said (this bk. 9, sect. 1, q. 6, ch. 1, num. 31); for there we taught that it is held [to be] immovable, but we are speaking of the heaven which, at least as to appearance, is held [to be] mobile. Wherefore, even if the world be supposed finite, it is nevertheless uncertain whether it be spherical on every side; by how much the more, if it be uncertain whether it be finite or not—for that it is not infinite can be demonstrated by no natural arguments, since we once maintained (in the Physical disputations) that an actually Infinite magnitude can be given; but that a figure is repugnant to an infinite body (as being [something] terminating and bounding it) so many affirm that they cannot be convicted of the opposite. But enough has been digressed by us on the occasion of this argument, which—yet in very few words—William Gilbert took up from the spherical figure of the earth (bk. 6 On the Magnet, ch. 3), Kepler (in the Epitome of Copernican Astronomy, p. 110), Origanus (in the dedication of the Ephemerides), and Gassendi (Epistle 2, On impressed motion, p. 112). At whom indeed I wonder, [for] having numbered this argument among the necessary [ones], saying: "It seems worthy of consideration that, if the Earth had been established by its own nature for resting, it would doubtless have obtained either a pyramidal or a cubic form, not, as it has, an orbicular [one]; [a form] whose cause [is] as well-fitted for use toward motion, so it seems thoroughly to be moved by its own nature."


[Margin: A pre-emption of the objection [instance].]



[III.] Nor say that by this argument more is inferred than the Copernicans would wish—namely, that all the bodies of the world which the Copernicans shall have conceded to be globose (of which kind are the whole elementary sphere, and the globes of the Planets and of the Fixed [stars]) ought to be moved by a motion of whirling about their own center. For they will answer, either by conceding to them this whirling—that they may have hence likewise a cause of the scintillation in the most distant Fixed [stars], or for other causes, on account of which this whirling has been admitted by some in all the planets except the Moon, as we said (bk. 3, ch. 4, and bk. 7, sect. 1, ch. 3, schol. 3, and ch. 7, num. 12); but in the Moon [the whirling is] not admitted by those who move it by a simple Eccentric, because otherwise it would not always turn the same spots toward us, to the same region; and in turn, on account of this very phase, the motion of whirling must be admitted by those who think it is moved by an Epicycle carried by an Eccentric. But as to the whole elementary sphere, they will deny that it is necessary that the diurnal motion be attributed to one of the two (namely either to the earth or to the supreme air and fire), and [will deny] that [the elementary sphere] concurs with the Earth in this hypothetical necessity, so that this motion is attributed altogether to one of the two.


[Margin: The hypothetical form of the aforesaid argument.]



[IV.] The form, therefore, of the aforesaid argument can be either hypothetical or categorical (absolute). The hypothetical is of this kind: "If the motion of the diurnal whirling must necessarily be attributed either to the Heaven or to the Earth, it is rather to be attributed to the Earth than to the heaven. But the motion of the diurnal whirling must necessarily be attributed either to the heaven or to the Earth. Therefore, etc." The Major is now sufficiently established, because such a motion is rather to be attributed to that [body] which is certainly known to have a figure by its own nature apt for this whirling, than to that body which either has not such a figure, or [of which] it is not certainly established whether it has it or not; but it is certainly established that the Earth has such a figure, while about the heaven it is doubtful. The Minor is sufficiently plain,


[…continues on p. 312 (PDF 347) with the catchword "tet": "…[is sufficiently] plain" — the proof of the Minor (the diurnal motion must belong to one of the two), then the categorical form and Riccioli's reply to this First Argument.]
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—plain, because the world is adequately divided into Heaven and Earth—comprehending certain Elements either under the name of "heaven" or under the name of "Earth," and under [the name of] heaven the celestial bodies; nor does it appear to what other body the daily appearance of the diurnal whirling could be ascribed.


[Margin: First Response to the Argument.]



[V.] It can be answered, first, by conceding the Major and its proof, on the supposition that this motion necessarily comes about by a whirling of some body—that is, a motion of it about its own center, really distinct from the other motions; but by denying [it] if it does not so necessarily come about, but its appearance can be saved by a translation of the body wholly from place to place. For the diurnal motion (which is called [the motion] of the prime mobile) can be attributed both to the individual globes of the Planets and to the individual fixed stars—[each] led around through the fluid heaven by its own movers severally, without any whirling of the Heavens to whose motion they [would otherwise] be moved. But because it is more probable that the Planets indeed are moved thus, yet that the Fixed [stars] are moved to the motion and whirling of the eighth sphere—or at least together with the whirling of the Firmament—rather than the individual non-wandering [stars] [being each carried] in a liquid heaven (as we said, sect. 2, ch. 3): therefore [this response is the less likely one].


[Margin: Second Response.]



[VI.] It is answered, secondly, by conceding the Major proposition and its confirmation indeed, if all else be equal; but denying [it] if [things be] unequal, and other reasons prevail over—or at least equal—this reason drawn from the aptitude for the motion of whirling [taken] from the roundness of the figure. For from all the arguments (at least taken together) which we shall bring below against this diurnal motion of the Earth, there rises up a reason prevailing over, or equipollent to, this [reason] of which we were speaking.


[Margin: Third Response.]



[VII.] It is answered, thirdly, by denying the Major—and conceding its proof indeed, if that aptitude [arising] from the figure for whirling be necessary, so that what lacks it is altogether incapable of whirling; or [if it be] useful indeed, but ordained for that [whirling] per se or chiefly: but otherwise denying the proof of the Major. Now in truth the spherical figure was not necessary for this whirling, because the diurnal motion did not have to be made either upon some plane, nor within some solid body enclosing the mobile and resisting it (if it were angular), but [it occurs] either in the air, or in the liquid aether, or in the ethereal breeze, with nothing resisting. Nor, again, was this figure bestowed by God upon the land-and-water globe for this end chiefly—since it was not granted even for this [end] (as those must say who deny this motion to it)—but that, by a mass and weight everywhere duly tempered, it might retain its own equilibrium, nay, even the equilibrium of the Seas, lest otherwise the waters, not equally distant from the center but higher than others, should rush in headlong course to the depths; and that living things—especially men—might enjoy the survey of the whole celestial hemisphere, and that it might lie open to the celestial influences everywhere equally and by an ordered succession through its circuit; and for many other causes, which it is not necessary to recount one by one. Especially since I am sufficiently certain that the Copernicans, even if the Earth were not at all round, would not on that account deny it the diurnal motion; and accordingly that it is not rightly denied to the Eighth sphere [either], even if it be not certain that it is round on the outside; granted that, if this whirling be conceded to it, its roundness is not improbably confirmed from that [whirling]. And hence can appear the response to the aforesaid Argument, if it be put forward without the hypothesis.


[Margin: The absolute form of the Argument, and the Response.]



[VIII.] For it could be said absolutely: "The diurnal revolution is to be attributed rather to that one of the two bodies which is certainly spherical, than to that which is not—or is not certainly established to be—spherical, etc." For to this Major proposition any of the three responses adduced can be applied, but especially the second and the third.

Second Argument, from the Mobility of the snatchable Earth to the motion of the Prime Mobile


[Margin: The Argument of Maestlin and Kepler.]



[IX.] "Not unjustly" (the words are Kepler's, in the Epitome of Astronomy, bk. 1, p. 106) "does Maestlin too ask this" (namely in the preface to the First Narration of Rheticus), "how it can come about that, the whole System of the World being whirled about—no orb of it, not the sphere of fire (if there be any), not the upper Region of the air, excepted—this single little globe, whose diameter is less than the twenty-thousandth part of the diameter of the world, should not be snatched round together [with it]?" "How can it come about," says Maestlin, "that, the whole system of the world being whirled about, this single tiny point should not be turned round?" But still more explicitly Galileo brings forward this same [point], in his 7th instance, by which he introduces [an argument] for the diurnal motion of the earth (Dialogue 1, On the System of the World, Latin p. 86).


[Margin: And of Galileo.]



For he says: "If we attribute the diurnal conversion to the highest heaven, we must establish it to be of so great a power that it snatches along with it the innumerable multitude of the fixed stars—all of them vastest bodies, and not a little larger than the Earth—and moreover all the spheres of the Planets, although both these and those by their own nature are moved in the contrary direction. Nay, besides, it is necessary to concede that the Element of Fire and the greater part of the air are snatched along [too], and that only the small globe of the Earth, by a pertinacious rest, resists so great a power. Which matter, in my judgment, has much of difficulty: nor can I see how the Earth—a pendent body, equally balanced about its own center, indifferent toward motion and rest, surrounded by an encompassing liquid—ought not itself too to yield and be whirled round along [with the rest]. But such obstacles we do not find, if we attribute the motion to the Earth, [it being] a most minute body, and, in respect of the Universe, imperceptible, and so unfit to bring any force upon the Universe." But in these words many [things] are involved and presupposed which pertain to other arguments to be unfolded afterward. In this place, however, we weigh only that [point] which is drawn from the mobility of the earth, the motion of the prime Mobile being posited. And that it may have its [full] sharpness, I thus reduce it into [syllogistic] form.


[Margin: The Argument reduced into form.]



[X.] "If, of two mobiles, the one be so disposed toward the motion of the other that, the other moving in advance and about itself, it too must necessarily be moved, because it cannot resist the motion of [the other]; but the other be not so disposed, but can rest though the first move—then the motion is rather to be attributed to that mobile which does not necessarily drag with itself the motion of the other. But if the heaven be moved by the diurnal whirling, the Earth must necessarily be snatched by the same whirling; whereas if the Earth be moved in advance by the diurnal whirling, it is not necessary that the heaven be snatched by the same whirling: therefore the motion is to be attributed to the Earth rather than to the heaven. The Major of this Syllogism seems noted [self-evident], lest motions be multiplied to no purpose in nature, and lest that be done through more [causes], without necessity, which can be done through fewer. The Minor in truth now seems proved—both from the comparison of the heavens and of the upper elements, which (according to the opinion of the Peripatetics) cannot at all resist the motion of snatching; and absolutely, from the slightness of the Earth, [its] indifference toward motion and rest, and the negation of resistance from the surrounding [medium]."

I answer, however, most briefly: the Major being granted, by denying the Minor proposition. For it is not necessary that, the supreme heaven being moved, the Earth too be moved and snatched; nay, the diurnal [motion] of the heaven being posited such as appears to us, it is necessary that the Earth rest, or not be moved by a sensible diurnal motion. For, first, it is more probable that the heaven of the Planets is fluid—which Kepler and Galileo themselves concede, as we taught (sect. 1, ch. 7)—and accordingly that the ethereal breeze adhering to the concavity of the Firmament is so snatched by its [the Firmament's] motion that nevertheless, by its own thinness, that motion at last vanishes in the lower parts, and is not sufficient to snatch along with it the globes of the Planets; and so the heavens of the Planets are not stirred by that motion, nor the fire in the concave of the Moon, much less the air or the Earth carried off by it. Nay, since we are here engaged in a controversy of a necessary argument (for such is supposed by Galileo), it is not altogether improbable—much less impossible—that even the Fixed [stars] themselves are moved severally, as it were in a liquid aether, and accordingly that far less danger of snatching hangs over the lower heavens and the elements. Besides which, in many other ways the Prime Mobile can be admitted as communicating the impetus or exemplar [of its motion] to the lower [bodies] without snatching [them along] in its own motion, as is plain from the opinions adduced (sect. 2, ch. 3). Secondly, even in the opinion of Aristotle—who admits solid heavens and a motion of snatching—that motion not improbably so languishes from the fire down to the air that it scarcely reaches the middle, much less the lowest region of the air, on account of the thinness and fluency of these elements. For now it is sufficiently established (Galileo himself urging it) that the lightest feathers and chaff are most unfit to conceive an impetus; how much more unfit, then, the air? But on the other side the Earth [is] most dense and most heavy, in all its parts which strive toward the center; and although gravity of itself resists only straight motion upward, yet, joined with density, it cannot be moved save by a vast impetus, through its whole depth—


[…continues on p. 313 (PDF 348) with the catchword "tem": "…through its whole depth [diffused]"—the rest of Riccioli's reply (the air cannot impress such an impetus on the Earth; nor is the Earth of itself "indifferent," as Galileo gratuitously supposes), then the Third Argument, from Circular Motion befitting the elements per se rather than Straight motion.]
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—through its whole depth diffused; which impetus the air—immediately set round it, and affected by no sensible motion of snatching—cannot impress upon it; nor is it [the Earth] of itself indifferent toward motion and toward rest, as Galileo gratuitously supposes. Therefore it is not necessary that it be snatched by the motion of the prime mobile.

But I said, rather, that it is necessary that the Earth not be snatched by the diurnal conversion, the phenomena that appear to us being posited; because if the Earth were snatched by it, we should always see the Sun, or the same star [we saw] once, in the same circle of position (say the Meridian)—except for the very little [amount] by which they recede toward the East by their proper motion—for we should follow their diurnal motion with equal paces. And so it behooved Galileo—who in those Dialogues so severely exacts from others the formulas [proper forms] of consequences—to beware for himself, and not so easily to assert that as necessary which we have [now] taught to be by no means necessary.

Third Argument, from Circular Motion befitting [the Elements] per se rather than Straight [Motion]—and so [befitting] the Earth

[XI.] This argument likewise is ad hominem, as it is said in the Schools, and [is directed] against the Peripatetics who admit that Fire, and the supreme region of Air, are moved perpetually by the concave of the Lunar heaven, by the force of the snatching of the prime Mobile—but per accidens, and not indeed against the nature of these elements, yet beside [their] nature; while the straight motion upward from the middle is natural to them, just as to Water and Earth [is natural] the motion downward, or toward the middle. These things being posited, the Copernicans contend that the circular motion ought rather to be called natural and per se [belonging] to these elements, but the rectilinear preternatural, and belonging [to them] per accidens; and so that to the Earth too a perpetual circular motion is naturally owed. This indeed was the mind of Copernicus (bk. 1, ch. 8), so very speciously arguing:


[Margin: Copernicus's doctrine on the motion of heavy and light bodies.]



"Therefore, what they say—that a simple body has a simple motion—is verified first of all of the circular [motion], so long as the simple body shall have remained in its natural place and in its [own] unity. For in [its] place there is no other than circular motion, which, abiding wholly in itself, is like to one at rest. But straight [motion] supervenes upon those [bodies] which wander from their natural place, or are thrust out, or are in any way outside it. Now nothing is so repugnant to the order of the whole, and to the form of the world, as for [a thing] to be outside its [own] place. Therefore straight motion does not befall save things not rightly disposed, and not perfect according to nature, while they are separated from their whole and forsake its unity. Besides, [the bodies] which are driven upward and downward, even apart from the circular, do not make a simple, uniform, and equal motion. For by [their] lightness, or by the impetus of their own weight, they cannot be tempered [kept even]; and whatsoever fall, making a slow motion at the beginning, increase [their] velocity in falling. Whereas, on the contrary, we discern that this earthly Fire (for we see no other) snatched on high at once languishes—as though the cause of the violence of the matter were confessed [by it]. But the circular [motion] is always turned evenly; for it has an unfailing cause: whereas those [straight motions] have [a cause] that ceases when, having reached its place in haste, [the bodies] cease to be heavy or light, and that motion ceases. Since, therefore, the circular motion belongs to whole [bodies], but the straight also to [their] parts: we can say that the circular abides together with the straight, as the living being [abides] together with sickness. And indeed this too—that Aristotle distributed simple motion into three kinds, from the middle, to the middle, and about the middle—will be reckoned only an act of reason; just as we distinguish line, point, [and] surface, although nevertheless one cannot subsist without the other, and none of them without a body."


[Margin: Galileo's propositions, full of various novelty.]



[XII.] From which discourse Galileo—but on the supposition of Aristotle's mind, not his own—tries to teach, from the circular motion of Fire beneath the concave of the Moon (Dialogue 2, On the System of the World, Latin p. 9), that straight motion cannot exist in a well-ordered World, but only circular; and that straight motion is of itself infinite, because a straight line is of itself indeterminate and infinite; and that straight motion perhaps existed in the first Chaos; he adds, however, that straight motion was instituted for reducing disordered bodies into order; and he adduces the authority of Plato, who thought that the bodies of the world were at first moved by a straight motion, then by a circular, after they had acquired through straight motion a certain degree of velocity. And (p. 17) he affirms that the circular motion, and its determinate velocity, cannot be acquired naturally—or without a miracle—without a preceding straight motion; but [that], once acquired, it is thenceforth perpetual and uniform. And (p. 18) he says that straight motion cannot naturally be perpetual, but is given only that it may restore natural bodies into their place if they have fallen out of it; whereas circular motion can of itself be continued perpetually, and is finite, because any point whatever of the circumference is a beginning and an end, and therefore (p. 19) [he says] that circular motion alone, and rest alone, are apt for the conservation of order; and he denies that it is evident that descending heavy bodies are moved by a straight motion. And (p. 28) he says that rest, rather than a straight motion downward, ought to be called natural to the terrestrial globe; and (p. 29) that straight motion is attributed by a stronger reason to the parts than to the whole element; and there too he affirms that it is ill assigned by the Peripatetics to the elements Air and Fire that circular motion [should be] as it were preternatural, but straight as it were natural—because by circular motion they have always been moved and will be moved, whereas by straight [motion] they have never been moved as wholes, nor will it be that they are [so] moved; and [he says] that [the Peripatetics] have forgotten their own axiom, that nothing violent is perpetual; and that the motion which is perpetual ought rather to be called natural, but the straight preternatural.


[Margin: The weakness of Copernicus's and Galileo's reasoning against the Peripatetics.]



[XIII.] Nevertheless, neither in the discourse of Copernicus nor in that of Galileo do I see anything solidly brought forward, either for themselves or against Aristotle, but only either an itch for carping at Aristotle, or a beggary of the slightest little reasonings—and ones little consistent with themselves—hunted up for the diurnal motion of the Earth. For neither does Aristotle affirm that there befits the Elements a simple motion from the middle or to the middle—that is, straight [motion] absolutely, and [taken] by comparing motion with rest; for absolutely he attributes to them, per se, rest in their natural place; but [he says that], if the wholes or the parts of them be removed from it, they have from [their] generator—that is, [have] from their very birth—an intrinsic power of moving themselves by a simple motion, but the briefest [possible], and so through a straight line to their natural place. Wherefore, if Aristotle should admit that the World was made in time, and that the elements had previously been confused in Chaos, he would assuredly assert that they acquired their place afterward by a straight motion; and that if the whole Earth were placed outside its place, in the sphere of Fire, but Fire in the middle of the elementary sphere, the Earth would descend to the place in which it now is, but Fire would fly upward: of which motion he had the most probable—if not evident—arguments from the motion of the parts of Earth and Fire, which he supposed to be moved thus, on the testimony of sense and by common consent. But that the loftier portion of Fire and of Air is snatched by the motion of the prime Mobile is not violent to them, since they are not on that account removed from their place, but is only beside nature; and therefore it is not against that Peripatetic axiom, "Nothing violent is perpetual." Now, that hypothesis being made—namely that they be removed from their place—it is natural to the elements to return to their place rather by the shortest and most determinate way, which is the distance of them from their natural place, than by a longer way; but the shortest is the straight line perpendicular to the earth, whereas that curvilinear [line], or [the line] compounded of straight and curved into one, which in such a descent or ascent the Copernicans are forced to admit, is longer. Moreover, that same hypothesis being made, it is better for the elements and their parts to be moved unequally—but always accelerating the motion toward their native place—than [by] a uniform and equal motion; whether this come about because they are borne magnetically from here, [and] drawn from there, and the more strongly the nearer; or because the impetus once impressed by gravity or lightness ought not to be destroyed by a new impetus, but at any instant of time in which they are not in their natural place they have the power of producing in themselves an impetus according to a determinate degree, which, superadded to the prior or to the prior [degrees], renders the motion swifter and swifter toward the end.


[Margin: Why the motion of heavy and light bodies becomes faster?]



Wherefore, since an infinite impetus could not—or ought not—to have been given to them from the beginning (for it would have been in vain, if they were to be removed from their natural place only by a finite, and for the most part very brief, space), yet lest they should return to their place too slowly, it was better that that velocity should be finite, but augmentable to infinity—that is, ever increasing until they should arrive at the term of their natural rest. That straight line, therefore, is not infinite, but determined here and now by [the agent] removing the parts of the elements from their natural place; nor [is] the inequality uni-


[…continues on p. 314 (PDF 349) with the catchword "formi-": "…[nor the inequality] uni-formly [disuniform]"—the rest of Riccioli's account of the accelerated fall, and his further dismantling of the Third Argument.]
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—uniformly, obstructs the naturalness of such a motion; but rather it is most congruent with it; nor, in order to be natural, does it require perpetuity absolutely, but [only] in that mode in which it is natural—namely conditionally, or on the hypothesis that [the bodies] ought to tend to their natural place, in which they are not; which hypothesis, if it were in reality perpetual, then the second act of that motion too would in reality be perpetual, in either hypothesis. And these [things] in defense of Aristotle—whose reasoning, although not so explicitly unfolded by him as by us, is far more solid, and more conformable to the experience of the senses, on which Physical science ought to build its discourses.


[Margin: The reasons of Copernicus and Galileo from the motion of the Earth [are] most light and inconsistent.]



[XIV.] That the reasons of Copernicus and Galileo for the diurnal revolution of the earth, begged from the comparison of rectilinear motion with circular, are light and weak, and in some places little consistent with themselves, I thus show. Copernicus prefers the circular motion to the straight for this reason: that the circular "abides wholly in itself, like to one at rest"—that is, because the whole mobile is not transferred by the force of [the circular motion] to another adequately distinct place; therefore when he transfers the earth annually, this perfection is really taken away from the circular motion, granted it be not taken away formally by the force of the diurnal whirling. Next, if the circular [motion] is more perfect because like to rest, and on that account owed to the Earth—then rest itself in its own place is the more perfect, and accordingly this [rest] is rather owed to the Earth than any motion; and therefore no sane Philosopher or Theologian would dare ascribe to God the circular motion of whirling in Himself, or in His own immensity—because local motion itself, although not translative, compared with rest and immobility, not only includes a change repugnant to God, but also involves a perfection not simply simple; and it is absolutely better not to be moved, or better to rest, than to be moved and not rest. Again, the straight motion, as being in fact enclosed within two distinct termini and shutting in a finite interval, is finite; but the circular is rather like the infinite, because it always begins to be repeated from the same point where it seemed about to cease, since there is no greater reason, from the nature of the circle, why it should terminate at one point rather [than another]. Besides, if straight motion is not natural to the elements placed outside their place—because it is unequal and disuniform in velocity, and therefore not simple—much less is the motion compounded of straight and circular natural to those same [elements], such as Copernicus attributes to them in [their] descent to their natural place; because, besides the inequality which it has in the space acquired in equal times, it has also an inequality of figure, which it is compelled perpetually to change, approaching the circular or receding from it, always by a diverse drawing[-course]: for a straight line is far simpler than a parabolic, or a hyperbolic, or any curvilinear [line] which is not circular—to say nothing of the prolixity of this curvilinear way. Besides, when the circular motion is called equal [uniform], that is now supposed gratuitously, for of itself it can be as unequal as the rectilinear is. But Galileo too feigns for himself many such [things], of which kind are: that circular motion, or its determinate velocity, cannot be acquired naturally—or without a miracle—except by a preceding disuniform straight motion; but, once acquired, [that] it is perpetual and uniform; [and this he asserts] not only gratuitously but with little coherence; for the means ought to agree with the end, and the end with the means, but certainly the straight does not agree with the circular, nor the disuniform with the uniform motion. Nor, when we spin a top, do we impress on it the circular motion by means of a straight [motion], but by means of a circular whirling made through a cord; nor, on the contrary, when with a sling we impress a straight motion on a stone, do we beg that straightness from a circular motion, but we whirl the sling in a circle for this reason: that we may impress on the stone one impetus after another, which afterward we convert into the straight by means of a straight projection. Now indeed the circular motion is said to be finite, and yet perpetual; but by the very fact that it is perpetual, it is of itself infinite in duration; nor is it on that account terminated [merely] because any point can be taken for a beginning or end, but by the very fact that none of them is determinately an end rather than a beginning, it has a certain indetermination, on account of which the circle is wont to be rather the symbol of infinity. But the same Galileo carps at Aristotle for attributing to the elements per se the straight motion, which they never had as wholes, and for saying that the circular—which fire and air always have—is theirs per accidens. Let Aristotle, then, reprehend Galileo for [maintaining] that he attributes to the Earth and to Water per se the circular motion, which they never had; but that the straight—which, on Plato's opinion received by Galileo, [the earth] had from the beginning—was (so [Galileo] said) intended by nature [only] per accidens or secondarily. For [Galileo] ought not to suppose that which he is certain will be denied him by Aristotle, namely that the Earth is moved, or was at some time moved, circularly. But now it is irksome to pursue these flies, troublesome though they be; and it is better to dissolve the argument which they contrive, [once it has been] forced into form. It can, then, be formed thus.


[Margin: The kernel or form of the Third Argument.]



[XV.] "If Aristotle attributes to Fire and Air a circular diurnal motion, and that motion is more natural to them than the straight, then he ought also to concede to Earth and Water a circular diurnal motion, as more natural to them than the straight. But Aristotle attributes to Fire and Air a circular diurnal motion, and that motion is more natural to them than the straight; therefore Aristotle ought to concede to the Earth and Water a circular diurnal motion, as natural to them, more than the straight." The Major is plain from the parity of the elements, which Aristotle too acknowledges in this, that they agree in sharing a simple motion of the same kind, namely the rectilinear. The prior part of the Minor is known from Aristotle; but the posterior part is proved: namely, that that motion is more natural which is perpetual and uniform and simple, than [one] which either never was nor will be, or is not perpetual nor uniform nor simple; but the circular and diurnal motion of Fire and Air is perpetual, uniform, and simple, whereas the straight either never was nor will be (if the talk be of the whole element), or is not perpetual nor uniform, since at the end it is swifter and swifter: therefore, etc.


[Margin: First Response, and the chief one.]



It is answered, primarily—the Major of the prior syllogism being conceded, and the prior part of the Minor—by denying the posterior part of the Minor. To the confirmation of which it is answered: by conceding its major [premise] if that [circular] motion be perpetual from an intrinsic principle, but the straight from an extrinsic; [but] by denying [it] if [the circular be] perpetual from an extrinsic [principle], and the straight not perpetual, yet from an intrinsic principle.


[Margin: Second Response.]



It is answered, secondarily, by denying the Major and its proof made from the parity [of the elements]: because, even if it were natural to Fire to be moved circularly from within toward the West, that it might imitate the motion of the prime mobile, nevertheless to the Earth, and to the Water enclosed in the Earth, this ought not to be natural, but rather natural rest—so that thus the living things dwelling in them might experience successively the vicissitudes of risings and settings, which in fact they do experience; otherwise, if they were moved by the same motion toward the West, they would not experience them, nor would the Phenomena be saved. But it would suffice, in such a case, that the four elements should agree in this: that if they were removed outside their place, they would have the power of tending toward it by a straight motion. Truly it is strange that Galileo, from the circular motion of Fire and Air asserted by Aristotle, should wish to elicit a circular motion of the Earth—and yet a contrary one, namely toward the East; for it ought rather [to be] toward the West.

Fourth Argument, from the immense Magnitude of the Eighth sphere, and from the ratio of the Whole compared with the slightness of the Earth as a particle of the Universe

[XVI.] In the second argument we saw this fourth [argument] included; but we judged that it should be drawn out separately, and contended with one by one—especially since the Copernicans try to arm it with certain specious similitudes. For Galileo (Dialogue 2, On the System of the World, Latin p. 81), having said, in the person of Salviati: "If we consider only the immense mass of the Starry sphere in respect of the smallness of the terrestrial globe—smaller by so many thousands of myriads—and besides look upon the velocity of the motion which an entire conversion must accomplish in the space of one day and night; I cannot persuade myself that anyone can be found to whom it would seem more reasonable and credible that this whirling-round should fall upon the celestial sphere, and the terrestrial globe stand unmoved." At once he brings in Sagredo conceding that, if all else were equal in either hypothesis, it would be more improbable to deny the diurnal motion to the Earth and ascribe [it] to the heaven—


[…continues on p. 315 (PDF 350) with the catchword "adscri-": "…to ascribe [it to the heaven]"—Sagredo's concession completed, then the watch-tower, kitchen-spit (Kepler), and ship/orator (Gassendi) similitudes, and Lansberge's "ratio of the Whole."]
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—to ascribe [it] to the heaven; and one so doing [would be] not a little more absurd than that man who, ascending the summit of his watch-tower for no other cause than to contemplate the city or the surrounding country, should ask that the whole region be driven round for him in a circle—namely, that he himself might not have to undergo the labor of turning his head about.


[Margin: Galileo's similitude for this argument.]



But from the watch-tower Kepler preferred to descend to the kitchen, that he might thence draw a similitude conformable to his own palate; for (bk. 1 of the Epitome of Copernican Astronomy, p. 127) he has thus:


[Margin: Kepler's similitude.]



"But it is utterly absurd that so great a mass"—he is speaking of the whole machine of the heaven, which the Philosophers contend is also more perfect than the globe of the Earth—"on account of the figure of this most cramped little pill (whereby it comes about that [the Earth] cannot enjoy the whole fire of the Sun at one time), should traverse so great a journey by going around, when the Earth could relieve [the heaven] of this burden by the most compendious rolling of its own little body: for it would be just as if an unskilled cook, disdaining to turn the meat fixed on the spit, should rather drive the fire in a circle around the meat." For elsewhere he had said that the Earth roasts itself about its own axis, as on a spit, by turning itself to the Sun. Far more elegantly and wittily [does] Pierre Gassendi [argue] (Epistle 2, On impressed motion)—not himself absolutely a Copernican, but yet putting on their person, and inclining toward that Sect, if the decrees of the sacred congregation did not stand in the way—who (p. 108) discourses thus:


[Margin: Gassendi's similitudes.]



"Since, reason persuading, it is more likely that a ship moves toward the harbor than that the harbor and the ships and the houses and the adjoining lands move toward the ship itself; and [since], when someone looks out from a raised tower upon the whole surrounding city, it is more probable that the man emerges onto the summit of the tower and turns himself round toward every part, than that the whole city is lowered and turned about him; and [since], when an orator perorates from the pulpit, it is more consonant that his face be directed in order toward all the parts of the audience round about, than that the whole audience [be turned] about his immobile face—and like things of that kind: why should it not, the same reason persuading, become more likely, more probable, more consonant, that the Earth move toward the East and salute in order the whole machine of the world and all the stars, than that so great a machine and so many and so great stars go around it and salute it? Surely the ship is some sensible portion, or rather is of some magnitude in respect of the harbor and of the whole opposite shore; the man, in respect of the city; the face, in respect of the audience: but the Earth, compared to the amplitude of that so great machine, is not only a point, but even—if anything more imperceptible can be feigned—is less than a point." And thus indeed do these men play the rhetorician. To whom Lansberge adds, in the Progymnasmata of restored Astronomy, the ratio of the Whole, saying that it is absurd that the Whole—namely the world or heaven—should move, and the part—namely the Earth—should rest.


[Margin: The argument reduced into form.]



[XVII.] Hence, therefore, there rises up such an argument: "If, of two mobiles—or of two [things] to be moved—the one is to be moved with relation to the other, it is absurd that that one should rather be moved which is incomparably greater, and has the ratio of a whole, than that which is incomparably less, and has the ratio of a particle. But the whole heaven is incomparably greater than the Earth, and has the ratio of a whole, while [the Earth] is as it were a particle. Therefore it is absurd that the Heaven, the whole [of it], should rather be moved than the Earth."


[Margin: First Response.]



It is answered, first, by conceding the Major if that which is greater in quantity of mass be also greater than the other in quantity of power, or in perfection of substance and of other properties; [but] by denying [it] if it be not greater in this second mode, but less; and therefore the Minor proposition is conceded in the prior sense, [but] denied in the posterior. For incomparably greater is—I do not say the whole Earth with its inhabitants, but [even] a single man—than the whole machine of the heaven, [the] Intelligences being set apart, which are not parts of the heaven, nor forms of the celestial bodies. Nor indeed ought we here to take the bare globe of the Earth without living things, and without a creature [that is] a contemplator of the divine works; for thus perhaps neither heaven nor earth would be moved: for to what good or end? We, therefore—unless we begrudge ourselves our own felicity granted by the bounty of the Creator—we, I say, are those spectators for whom, as we sit in the theater, that vast scene, kindled with so many lights and turning about with its [stage-]machinery, exhibits those Dances and Catastrophes [denouements], to be contemplated in their turns; we [are] those kings and princes, to whom the whole soldiery of the heaven—and, that I may borrow the words of the divine codex, that "vessel of the camps on high"—repeating its circuit and coursing around as it were for a census, runs back to the number. Unless perchance we deem it unworthy that God should have wrought so great [things] for the sake of men—for whom even Angels, and (what is inestimably greater) His Only-begotten Son, He expended, for [their] instructing and redeeming. But as to what regards the ratio of the Whole and the part, it is denied that the heaven, in respect of the Earth, has the ratio of a whole; for it is a co-part, and indeed greater in mass, but less in power than the other co-part. But because someone might take, together with the heaven, the Intelligences—by which, as movers, this motion [is accomplished] (as we conceded, sect. 2, ch. 1, num. 4 and 9, that they go round together [with it])—and the aforesaid argument would seem to have greater force (for thus the heaven is greater than the Earth not only in mass, but also in power): although in reality the Intelligences are not an intrinsic part of the heaven as the soul of animals [is], therefore it is answered in another way.


[Margin: Second Response.]



It is answered, secondly, by conceding the Major if that which is greater be moved for the sake of the lesser, as for an ultimate end, and precisely that it may serve the lesser; but by denying [it] if it does not stop there, but orders its motion (or has it ordered) to a nobler end of its own, and that it may serve a worthier [being]—of which kind is GOD the Best and Greatest: namely, that for the manifesting of His perfections and glory the Intelligences move themselves while [God] moves the celestial bodies. This is not to be shown in this place, but is to be supposed as certain from sound Philosophy, much more [from] Christian Theology.


[Margin: Third Response, and a retortion of the argument.]



It is answered, thirdly, by retorting the argument in two ways. For if it is absurd that the heaven be moved for the sake of the Earth because it is of greater mass than the Earth, it would be absurd also that it be moved by any motion at all, much less the diurnal; and thus neither would the superior Planets be moved by their [own] motions: for it cannot be said that [a planet] is moved per se about the Sun [and] per accidens about the Earth, since they complete [their circuit about] the Earth, not the Sun—or else uncertain and controverted [claims] are thrust upon us. Equally would it be absurd that the Earth be moved by a diurnal motion for the sake of men, that it might furnish them the spectacles of the heaven to be enjoyed in succession—since the whole earth is of far greater mass than all men taken together.

Fifth Argument, from the Ease of motion, arising from the Magnitude of the Mobile

[XVIII.] This is an offshoot no more fortunate than the preceding argument, from which it sprouted. "Let it be [granted]," say the Copernicans, "that it is not absurd that the greater be moved for the sake of the lesser; nevertheless Nature is wont to do that which is easier, or less laborious and of lesser expense. But by the very fact that the Earth is of the least mass compared to the eighth sphere—much more to the whole heaven—it is also easier to impart motion to it; and if motion is not exercised without some impressed quality, it is assuredly of less expense to impress the impetus of whirling on this [small] sphere than on the vastest sphere of the Firmament."


[Margin: The syllogistic form of the argument, and the First Response.]



Let this argument too now be constructed to the norm of a syllogism: "GOD and nature do[es] what is easier and of less expense; but it is easier and of less expense to move the globe of the Earth by a diurnal whirling than the Machine of the Heaven; therefore, etc."

It is answered, first, by conceding the Major if all else be equal, and the same end which GOD and Nature intend can be obtained equally well [the other way]; but otherwise by denying [it]. For GOD's purpose was to show the magnitude of His Wisdom and Omnipotence—on the one hand, by balancing the immobile Earth upon nothing (that is, upon its [own] center) and upon the air, [a thing] so fluid; on the other, by conjoining so many motions—though in appearance contrary—in the single motion of the heaven or of the Planets, and thus to provide for living things and especially for man; nor can it be demonstrated naturally that this was not His end: but this could not be obtained by moving the Earth. But granted that, by conjoining several motions in the single motion of the Earth, He would have shown great wisdom too—nevertheless, so long as it is not certain or more probable that this rather than that was purposed by Him, we cannot conclude with certainty or [greater] probability that He had regard to the greater ease or to the lesser expense. And truly, if we should follow our own estimation, [which] weighs nothing beyond number or mass, it would have been of less expense to conserve the same light which was once produced in the air and aether, than to produce a new light continually at each moment; and [it would be] less laborious [to move] the Planets by a single and most simple motion, comprehensible in round numbers, at once—


[…continues on p. 316 (PDF 351) with the catchword "motu": "…by a single…most simple motion"—the rest of Riccioli's First Response to the Fifth Argument (our human estimate of "ease" and "expense" does not bind God), and the remaining responses.]
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—to stir [them], and to illuminate the night with fewer fixed stars, and to direct sailors and farmers by fewer constellations, and to construct heaven and Earth with less mass, and to found fewer species of plants, of crops, and of living things. But GOD does not always have regard to that which seems easier to us, but to that which is better according to the end prescribed by Himself to Himself and to inferior Nature.


[Margin: Second Response.]



It could be answered, secondly, by denying the Minor proposition. For mass does not render its own motion more difficult [precisely] as it is mass, or precisely on account of its greater magnitude, but only by reason of weight, or of some similar quality: I add, indeed, that [it does so] not even absolutely, but comparatively to the motive power, as to the medium through which [a thing] must be moved. But the machine of the heaven cannot, on any of these heads, be more difficult to move, either for GOD or for the Intelligences, than the Earth [is].

Sixth Argument, from the Infinity of the World and of the supreme Heaven; where, in passing, [are treated] certain [things] concerning the Infinity of the World


[Margin: Copernicus's discourse upon the Infinity of the heaven.]



[XIX.] Before we turn our arms elsewhere from the arguments hunted up from Magnitude—[arguments] led in triumph, or at least invincibly repelled—the argument drawn from the Infinitude of the World must be dispatched, which Copernicus already touched (bk. 1, ch. 8), discoursing thus: "But according to that Physical axiom, 'That which is infinite cannot be traversed, nor moved in any way': the heaven will necessarily stand still. But they say that outside the heaven there is no body, no place, no void, and absolutely nothing, and therefore there is nowhere whither the heaven could escape: then surely it is strange if something can be confined by nothing. But if the heaven were infinite, and finite only by its inner concavity, perhaps it will the more be verified that outside the heaven there is nothing—since each thing, whatever magnitude it shall have occupied, will be within it—but the heaven will remain immobile. For the chief [thing] by which they strive to establish that the world is finite, is motion." To these [words] he at once subjoins that conclusion which we recited above, but [which is] to be repeated here: "Whether, therefore, the world be finite or infinite, let us leave [it] to the disputation of the Natural Philosophers: holding this for certain, that the earth, enclosed by its poles, is bounded by a globose surface. Why, then, do we still hesitate to grant to it the mobility congruent by its own form from nature, rather than that the whole world should glide, whose end is unknown and cannot be known? And [why do we not] confess that the appearance of its daily revolution is in the heaven, and the truth [of it] in the Earth?" To this argument, in the part where it leans on the spherical figure of the earth, response has been made (unless I am mistaken) at number 5; but in the part where it touches the uncertainty of infinity in the heaven, and the certainty of finitude in the Earth, it must be beaten back in this place—but [only] after first hearing what the Physico-Mathematicians, and not only the mere Physicists, teach concerning the infinity of the world or of the supreme heaven.


[Margin: The opinion of Democritus, Epicurus, [and] Metrodorus.]



[XX.] If we believe Plutarch (bk. 2 On the Opinions of the Philosophers, ch. 1), Democritus, Epicurus, and their disciple Metrodorus posited innumerable worlds in the infinite, [the infinite] spreading out into the immense through its whole compass. Seleucus [posited] a boundless world; Diogenes, an infinite Universe but a finite World: for he distinguished the world from the Universe—as did also the Stoics, who (as Plutarch there adds) said that the Universe consists of the World and of the void, and that this complex of both is infinite, but that the World is distinguished from the void, and is one, and bounded by a globose figure. But Aristotle (Physics 3) endeavors to overturn every actual infinite, and (Physics 7, text 78) denies that a finite [body] can move in an infinite time; and (bk. 1 On the Heaven, from text 33) contends that the World is not infinite—as very many of the ancient philosophers (he himself says) thought—by this argument above all: that it is impossible for an infinite body to be moved circularly, much less in a finite time; otherwise there would be a proportion between a finite line and an infinite [one], [both] comprehended by similar arcs and under an equal angle; and in a finite time—namely of 24 hours—an infinite space could be traversed (besides other more obscure arguments, which can be seen up to text 75). He supposes there, then, for certain, that which is now in question, namely that the heaven is turned circularly. But before him too, Plato and Pythagoras (as Laërtius relates in their Lives) asserted the World [to be] finite and of spherical figure. Cleomedes too (bk. 1 of the Cyclic Theory [τῆς κυκλικῆς θεωρίας]), insisting on Aristotle's reasons, establishes the World to be both globose and finite.


[Margin: Pliny.]



But Pliny (bk. 2, chh. 1, 2, and 7) speaks of the World in such a way that he makes it [out to be] God and Nature, or makes God Himself the soul and nature of this World; and therefore he does not sufficiently express whether it be finite or infinite. For (ch. 1) he says: "The World, and that which it pleased [men] to call by another name 'the heaven,' by whose circumflex all things are covered—it is fitting to believe it a deity, eternal, immense, neither begotten nor ever to perish. To search out its outer [parts] is of no concern to men, nor does it fall within the conjecture of the human mind. It is sacred, eternal, immense, the whole in the whole—nay, rather itself the whole; finite, yet like the infinite; of all things the certain, and like the uncertain." And a little after, against those who had posited infinite and innumerable Worlds, he adds: "Or if this infinity may be assigned to the artificer of all things, why may not that same [infinity] be more easily understood in one [world], so great a work especially [being in question]?" And soon [after]: "It is madness, surely madness, to go out of it [the world]; and to scrutinize the outer [things] as though all its inner [things] were plainly known: as if forsooth one could take the measure of any thing who is ignorant of his own [measure]; or the mind of man could see things which the world itself cannot contain." For it is the bent of Pliny, that he may forge some subtle and lofty opinion, to speak impiously and audaciously even of God Himself; so in this place he makes this God of his [to be] uncertain and half-corporeal, ignorant and incapable of His own immensity—concerning whom, however (ch. 7), he says: "Whoever the God is (if indeed He is another)," that is, distinct from the world, "and in whatever part, He is all sense, all sight, all hearing, all soul, all mind, all His own." But because he asserts a spherical figure of the world, and acknowledges that it is turned in the space of 24 hours, he seems to acknowledge it terminated and finite: for he says (ch. 2): "Its form is rounded into the appearance of a perfect orb."


[Margin: The excellence of the spherical figure.]



"The name, in the first place, and the consensus of mortals calling it an 'orb,' but the arguments of things [themselves] also teach [this]: not only because such a figure in all its parts bends toward itself, and must support itself, and includes and contains itself, needing no joinings, feeling no end or beginning in any of its parts; nor only because it is most apt for the motion by which it must again and again be turned (as will presently appear): but also by the proof of the eyes, because it is discerned as convex and middlemost on every side—which could not happen in another figure." [Riccioli interjects:] He had better said "concave," for the convexity of the heaven cannot be beheld by us. Finally (ch. 3), [Pliny speaks] of its motion thus: "This form of it, then, by an eternal and unresting circuit, with unspeakable swiftness, in the space of four-and-twenty hours, the risings and settings of the Sun have left beyond doubt [to be] whirled round. Whether it be immense, and therefore exceeding the sense of the ears [in] the sound of so great a mass turned by an assiduous whirling, I should not indeed easily say." And so again he recalls into doubt the immensity and infinity of the World.


[Margin: The opinions of the more recent [thinkers] on the Infinity of the World.]



[XXI.] Hitherto, let it be enough to have tasted these few but choicer [points] concerning the infinity of the world, from the opinions of the Ancients. But what the more recent Scholastics and Physicists thought, I have related more fully in the Physical questions; nor is it of this place to repeat that controversy with all its arguments pro and con: only this must be recalled, that there are four opinions on this matter. For some deny that the World is actually infinite—either because they think every actual infinite (a "categorematic" [infinite], as they call it) impossible, or because no sufficient evidence is at hand for this infinity, and beings must not be multiplied or extended without necessity. But some concede that the World is Infinite, yet deny that it is terminated by any figure, or that it is mobile—the whole [of it] within itself, much less outside itself. Others, however, admit that it is Infinite and yet terminated by a spherical figure; but they deny that it can be moved in a finite time. For with them it is not the same to be finite and to be terminated or figured: for the Infinite, they say, is spoken of analogically, and its first analogate is that which has all the perfections signified by the name of "infinite"—namely, that it embraces within itself all things possible in its [own] genus, and lacks a terminus on every side, [the term being] taken negatively rather than privatively—that is, so that nothing can be designated in it to which the negation of further extension would immediately belong, even if that further extension were said to be impossible; and therefore the negation of it, as not connoting an aptitude toward the thing denied, would be a mere negation, not a privation: for from these perfections it follows that it is untraversable. But among the second analogates, [there is] the infinity [of a] part—


[…continues on p. 317 (PDF 352) with the catchword "parti-": "…[the infinity of a] part[ial thing]"—the rest of the third and the fourth opinion on the world's infinity, then the more recent astronomers (Copernicus, Gilbert, Ficino, Descartes, Bruno, Galileo, Kepler), and the Sixth Argument cast in syllogistic form.]





(printed p. 317 — within Chapter V. Finishes the four Scholastic opinions on the world's infinity, then surveys recent astronomers and physico-mathematicians on the question — Copernicus, Gilbert, Ficino, Descartes, Bruno, Galileo, and Kepler. The Sixth Argument is cast in form (the diurnal motion belongs rather to the certainly mobile Earth than to a heaven not certainly mobile) and met with two Responses; the Seventh Argument begins.)




[Header: ON THE SYSTEM OF THE MOVED EARTH — 317]



—participating [in infinity] receive this too: that, although it be terminated by some figure, and does not comprehend in itself the whole possible in that genus, yet it is so great as to be untraversable, and not measurable by any finite and determinate measure among the least [measures] that can be taken and repeated—so that, however many measures of this kind be repeated, there always still remains in it something to be reckoned. Some, finally, agree that the World can be called infinite, and configured by a spherical surface on the outside, and nevertheless mobile and convertible in the finite time of 24 hours—but by an infinite power producing an infinite impetus; nor does it follow necessarily, from the infinity of the space traversed, [that there is] an infinity of time in the motion. Or, at any rate, if the World above the Planetary heaven be fluid, or not wholly nor continuously solid, [they hold] that that part which contains the stars and Planets visible to us could—being finite—be moved within 24 hours, while the remaining part stands immobile: which opinion, among those admitting the infinity of the World, seems less absurd, and less difficult to understand.

[XXII.] It remains, therefore, that—as I promised a little before—we indicate what certain Astronomers, or Physico-Mathematicians, thought concerning the infinity of the World and of the heaven. And indeed concerning Copernicus's ambiguous opinion we have learned enough from himself: how much, in his view, the infinity of the World (if it were admitted), or even an infinite distance of the Fixed stars, would not stand in the way—nay, would greatly profit—his hypothesis of the annual translation of the Earth.


[Margin: William Gilbert's opinion on the Infinity of the World.]



But William Gilbert too (bk. 6 On the Magnet, ch. 3) calls the sphere of the Fixed stars immobile; and [holds] that, if the prime mobile were in it or above it, that [prime mobile] would be infinite, and therefore he subjoins: "But there can be no motion of an infinity and of an infinite body; nor, on that account, [can there be] a diurnal [motion] of that vastest prime Mobile." Wherefore, on account of this argument among others, he concludes that the diurnal revolution is rather the Earth's than the supreme heaven's.


[Margin: Marsilio Ficino's opinion.]



On the contrary, Marsilio Ficino (on Plotinus's book On the Heaven, ch. 3) teaches that the World is not infinite: either because it would lack order and figure; or because, if it were imagined to be moved circularly, its slowness toward the center would [be one thing], but from the center upward [there would be] an infinite velocity—for the parts nearer the center, [being] finitely-designable-toward-infinity, would be slower and slower, but from the center upward swifter and swifter; and thus, on the one side, its motion would be none on account of the infinite slowness, [while] on the other it would happen in a moment on account of the infinite velocity; or infinite slowness and velocity would concur into a [state of] standing-still, or rest. Or because, between any lines whatever drawn out from the center, there would be an immense space, [so that] the effort of the mover would be in vain, and accordingly there would be no motion.


[Margin: René Descartes's opinion.]



But René Descartes, in the Principles of Philosophy (part 1, from num. 25 to 27), pronounces that we ought not to be wearied with disputations about the infinite—because, since we are finite, it seems absurd to him that we should try to determine anything about it, and thus as it were to finish and comprehend it. But all those [things] to which no certain terminus can be assigned, beyond which God could not make more or greater or better [things], he calls not Infinite but Indefinite, and adds: "And these we shall call 'indefinite' rather than 'infinite': both that we may reserve the name of 'infinite' for God alone, because in Him alone, on every side, we not only acknowledge no limits, but also understand positively that there are none; and also because we do not in the same way positively understand other things to lack limits in some respect, but only negatively confess that their limits, if they have any, cannot be found by us."


[Margin: Giordano Bruno's opinion. And Galileo's.]



On the contrary, Giordano Bruno of Nola, in the book On the Greatest and the Immense, and in the book On the Infinite and the Innumerable, does not hesitate to affirm that this World is infinite upward. But Galileo (Dialogue 3, On the System of the World, Latin p. 239) recalls into doubt whether the World be finite, figured, and having a center; or rather infinite, unterminated, and lacking a center and a circumference; and [holds] that Aristotle's reasons, which in the end rest upon the mobility of the diurnal motion, are as uncertain as is the motion assumed by him and attributed to the heaven rather than to the earth. Granted [that] Simplicio—with whom he brings in Salviati disputing—may concede, meanwhile, for the sake of argument, that the World is finite and spherical and has a center: so that, even this being liberally granted, [Salviati] may teach that it does not follow that the Earth is in the center of the universe, or that heavy bodies tending toward the center of the earth tend toward the center of the Universe.


[Margin: Kepler's [opinion].]



Among the Copernicans, however, Kepler—both in the book On the new star seen in Serpentarius (ch. 17), and in the Epitome of Copernican Astronomy (bk. 1, p. 39)—denies that any of the visible stars is distant from us by an actually infinite interval. For (he himself says) it is mutually repugnant to be infinite and [yet] terminated; and likewise to be infinite and [yet] to have a finite proportion to another infinite; but both these incongruities would follow if some visible star were distant from us by an infinite interval. For the apparent diameter of the star would be increased by an infinite increment, as also the distance of the lines under whose angle it would be seen; and yet, [even] thus increased, it would still be enclosed within the termini or points bounding the diameter, and under a certain visual angle. Besides, in the same place, he denies that—even if, on account of the immense distance, some stars were not visible—the space upward is nevertheless infinite; because their number would be finite, and from a finite magnitude and number an infinite cannot be put together. In which discourse certain [things] would need the file [polishing], if it were of this place to expatiate in this controversy—concerning which I have wished to indicate the bare opinions, so that it might be established that, although among the Copernicans and some others there has been some suspicion of the infinity of the World, yet [it was] not among all of those, much less among all [men]; and by what arguments especially its infinity is wont to be assailed—to which add the conjecture of finitude drawn from the Refractions of the Fixed stars, which I set down (bk. 6, ch. 7, in the last Scholium). Now to the argument enclosed in Copernicus's words, which we form thus.


[Margin: The Sixth Argument recalled into form.]



[XXIII.] "If the motion of the diurnal revolution must be attributed to one of the two bodies—namely either to the supreme heaven or to the Earth—it is rather to be attributed to that which certainly is established to be mobile, than to that which is not mobile, or [of which] it is not certainly established whether it be mobile or not. But it is certainly established that the Earth is mobile, whereas the supreme heaven either is not mobile, or it is not certainly established whether it be mobile. Therefore, etc."


[Margin: Proof of the Major.]



The Major seems most certain; for, although it is allowed to God, who imparted this motion to one of the two, [that] that which we say cannot be uncertain—nevertheless to us, to whom it is not certain, prudence dictates that we not expose ourselves to the danger of erring, [and] that we ascribe the motion to that body of which we are certain that it [the motion] is not repugnant to it, rather than to that of whose repugnance it is permitted to suspect.


[Margin: Proof of the Minor.]



The Minor also, as regards the Earth, is now certain, from its figure and finite measure found out by the Geometric method (according to what was said, bk. 2, ch. 7); but as regards the supreme heaven, it has not yet been demonstrated by anyone that it is not infinite; and if it be infinite, it is not certain that it is mobile; or, if it has been demonstrated [to be mobile], [it is] by no other argument than from the diurnal motion, which is here called into controversy.


[Margin: Response to the Sixth Argument.]



It can be answered by denying the Minor, if by the name of "supreme heaven" be understood either the Firmament, or at least the aggregate of the visible Fixed stars; for to us it is Physically evident that they are moved by the diurnal revolution, and so we are certain of [their] mobility from the motion itself—since Copernicus himself and the Copernicans confess that in the heaven there is the appearance of this motion, if we wish to stand by sense—just as it is evident, dependently on sensible experiments, that the Earth is of a finite measure. Granted that, for the evidence of the former, a simple experiment may suffice, by which we see the Fixed stars ascend above the Horizon, and roll down toward the West, and after 24 hours return to the East, and traverse arcs similar and proportional to the arcs of the terrestrial circumference in a finite time; whereas, to measure the Earth and to determine its figure, more is needed. But if the Copernicans say that it is evident to us [only] that one of these two [moves] disjunctively—namely, either that the Fixed stars or that the Earth moves—I say that this disjunctive is evident Mathematically, or even Metaphysically, [it] being supposed (which the adversaries assuredly do suppose) that the apparent local variation between the stars and us comes about by local motion, and not by deceptions of the eyes, or by a reproduction of bodies, etc.; but from this it does not follow that the other part [namely, that the Earth moves] is not Physically evident, and the burden of proof lies on the one who denies. To say nothing meanwhile of Sacred authority; for now we are examining the bare reasons. But what happens about the part of the heaven above the Fixed stars—whether it move and be finite, or be infinite and immobile—pertains nothing to this argument.

It is answered, secondly, by conceding the Major if all else be equal; [but] by denying [it] if [things be] unequal, as in reality they are. For many other [considerations] are given, which prevail over this comparison of certitude concerning the finite circumference of the Fixed stars and of the Earth—on account of which the diurnal motion is rather to be attributed to the Earth.


[…continues on p. 318 (PDF 353) with the catchword "VII. Ar-": the Seventh Argument ("Ar[gumentum]…") and its proposal and dissolution.]





(printed p. 318 — within Chapter V. Three arguments are proposed and dissolved: the Seventh, from the nature of place (motion befits the located Earth rather than the containing heaven), answered by a Peripatetic distinction and a retortion; the Eighth, from the heaven's incorruptibility (Copernicus and Kepler), answered on both fronts; and the Ninth, from the heaven's fluidity and the fixed stars' constant mutual distance (Longomontanus and Gilbert), which opens.)
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Seventh Argument, deduced from the nature of Place and of the Container

[XXIV.] Copernicus has not yet ceased to press the rest of the Earth toward [its] motion; for he says (bk. 1, ch. 5): "Since the heaven is that which contains and conceals all things—the common place of all things—it does not at once appear why motion is not attributed rather to the contained than to the container, to the located than to the locating." And again (ch. 8): "I add also, that it would seem rather absurd that motion be ascribed to the container, or to the locating, and not rather to the contained and the located, which is the earth." Which reasoning seems to have greater force against the Peripatetics, together with their Aristotle (bk. 4 Physics, ch. 5, text 42), defining place to be "the first immobile terminus of the containing body," and conceding to the heaven the nature of universal place. Thus, therefore, it is allowed to argue: "Local motion is to be ascribed rather to the located than to the place, as [to that] which requires immobility: but the Heaven is the place in respect of the Earth, and the Earth is located. Therefore motion is to be ascribed to the Earth rather than to the heaven."


[Margin: The form of the Seventh Argument.]

[Margin: First Response.]



The Peripatetics would answer, from the same text 42 of the fourth [book] of the Physics, [and] from the doctrine handed down by Aristotle at text 35, by distinguishing the Major, and conceding it either of the motion by which the whole place, together with the located, is transferred to another place (for thus the place would lose the nature of place and put on the nature of a vessel), or [of the motion] by which at least, deserting the located, it ceased to surround [it]—and of the immediate place; but by denying [it] if the proposition be understood of any local motion whatever, or of a remote place. Now the supreme Heaven is neither wholly transferred to another place, but remains, as to its whole self, in the same place; or, if it is not precisely in a place (because it has no other body outside by which it may be contained), much less is it transferred to another place, and much less does it desert the Earth outside itself, as the parts of a river desert the fishes—although [the fishes be] at rest; but it stands as the air agitated about a Tower, which does not on that account cease to be the place of the Tower. Nor is the supreme heaven the immediate or first surface containing the earth.


[Margin: Second Response.]



But someone might answer, secondly, by retorting the argument against the motion of the earth asserted by Copernicus: because the Earth too, with the neighboring air, is the place of plants and animals; therefore either it ought not to be moved, or, if it suffices for its mobility that it not desert the located, that suffices much more for the heaven, which neither deserts the located, nor carries it elsewhere with itself like a vessel—as [it does] in Copernicus's hypothesis of the annual motion of translation, the earth adding [that motion] too: wherefore the Earth becomes for it [the located] a vessel rather than a place.

Eighth Argument, drawn from the Incorruptibility of the Heaven

[XXV.] Copernicus uses this argument in one way, Kepler (from Origanus) in another.


[Margin: Copernicus's Argument.]



For [Copernicus] (bk. 1 of the Revolutions, ch. 8) discourses thus: "To these is added also, that the condition of immobility is esteemed nobler and more divine than [that] of change and instability, which [latter] therefore befits the earth more than the world."


[Margin: Kepler's argument from Origanus.]



But in the Epitome of Copernican Astronomy (bk. 1, p. 128) Kepler says that motion is of the genus of those things which are not [yet], but come to be; and therefore that it does not pertain to those things which have the degree of their perfection perennial in themselves, but to those which, unless they be moved, grow torpid with sloth and are corrupted: of which kind, in these very Lands, are Water and Air, and many bodies dwelling in these elements.


[Margin: Response to Copernicus.]



But to Copernicus it is answered that the heaven is not incorruptible from within, as we said (sect. 1, ch. 6, num. 6)—nay, Kepler admits that it is in reality capable of corruption; next, if it be contended to be incorruptible, [we say] that only that motion is repugnant or unsuitable to it which tends to corruption—of which kind is surely not the diurnal revolution; otherwise the Earth, to which he ascribes it, ought long ago to have been wholly corrupted; and that this motion is not unsuitable even to the Intelligences themselves, much less to the heaven or the stars; and lastly, that by this argument all motion ought to have been banished from the heavens: wherefore, since it proves too much, it proves nothing.


[Margin: Response to Kepler.]



But for Kepler it will be abundantly satisfied if the Air be blown through by winds now and then, and the Waters, by the course of rivers and by the flux and reflux of the Seas (besides the remedy of saltness), be preserved from putrefaction; and since [the Earth] does not fear corruption for the Earth, [we say] that there is no reason why he should ascribe motion to it on that account: for if he concedes that motion can befit it from elsewhere, let him concede also that it can befit the heaven, even if [the heaven] does not need it for its own conservation. Finally, let him acknowledge, from this or from the motion of the Planets, that local motion is not per se primarily, or universally, instituted, so that by agitation and ventilation [a thing] may be preserved from corruption.

Ninth Argument, from the Fluidity of the Heaven, and the Constant Distance of the Fixed stars among themselves

[XXVI.] Perhaps the Copernicans seem to have deserved excellently of the heaven, since they were so solicitous about the integrity and health of the heaven—especially those who, dreading its fluid substance (or at least simulating fear), thought that all motion must be driven away from the bounds at least of the supreme heaven, lest either its substance, or the stars themselves, should be dissipated and flow apart by so great a swiftness of whirling.


[Margin: Longomontanus's argument, supposing the heaven fluid.]



And so Longomontanus—an asserter, not indeed of the annual, but yet of the diurnal motion of the Earth (bk. 1 of the Theorics, toward the end of ch. 1)—confesses himself confirmed, by this argument too, in transferring this motion onto the Earth, when he says: "I add also, that since it would have been agreeable that the fixed stars—which it is reasonable are removed at unequal distance from the center or earth, and that they hang in a most limpid heaven, and like the globe of the earth are balanced upon their own centers by equal weights—should have suffered no distraction in their distances toward one another from the founding of the world: who, therefore, with such assertions, will attribute real motions to them, except one who bites at Sacred Scripture (accommodated in few places, and not—as they seem—accommodated except apparently to the human grasp)?" And in the same place (ch. 4), he repeats, among other things, that the motion (both the diurnal and that of the precession of the Equinoxes) must be recalled from the heaven [and] brought onto the earth: "Lest the stars cohering in the most limpid heaven should be distracted from one another, if you should presume that the individual [stars] are stirred separately by some motion of lation—although perhaps this too could in some way be conceded in the celestial expansive firmament [stereoma]"; that is, even if one should admit that heaven [to be] solid; for στερέωμα signifies a solid-foundation, or a solid body.


[Margin: Gilbert's argumentation, supposing the heaven fluid.]



[XXVII.] In a different manner William Gilbert (bk. 6 On the Magnet, ch. 3) discourses from the liquid thinness of the Firmament; for thus he philosophizes: "Moreover, what craftsman ever found out by reason that the stars which we call fixed [are] in one and the same fluid sphere, or confirmed [by reason] that there are any real and as-it-were adamantine spheres? No one ever demonstrated this very thing. Nor is there any doubt but that, just as the planets are distant from the earth at dissimilar intervals, so those huge and most frequent lights are disjoined by various and most remote altitudes from the earth, and do not inhere (as they feign) in any spherical framework or firmament and vaulted body: thus the intervals of some [stars] have been conceived rather by a certain opinion than in reality, on account of the inscrutable distance; others far surpass those, and are by far the most remote—which, since they are placed in the heaven at various distances, either in the most thin aether, or in that fifth most subtle substance, or in a void: how shall they remain [whole] amid so great a whirling of the vast orb, a most uncertain body?" Therefore, because he reckons the non-wandering stars [to be] in a fluid aether, and indeed scattered among themselves at various distances into the immense, upward and downward, he thinks it to be feared lest, if they were turned to the motion of so vast a heaven, they should fluctuate hither and thither by a turbulent and wide-wandering agitation, like planks in a shipwreck. And below he again establishes thus: "Therefore they are not borne or moved by the firmament, nor have [their] position [from it]; much less is that confused crowd of stars torn loose and perturbed by the prime mobile, by a contrary and most rapid impulse. Ptolemy of Alexandria seems to me too timid and pusillanimous, who shudders at the dissolution of this lower world, if the earth were moved circularly: why does he not fear the ruin, dissolution, perturbation, conflagration of the universe, and the celestial and supercelestial calamities, from a motion insuperable, ineffable, and incomprehensible beyond all thoughts, dreams, fables, and poetic licenses? Wherefore we are borne by the diurnal rotation of the earth, by a motion namely more fitting; and as a skiff is moved upon the waters, so we, together with the earth—


[…continues on p. 319 (PDF 354) with the catchword "lure": "…[together with the earth] are whirled round, and yet seem to ourselves to stand and rest"—the close of Gilbert's quotation, then Galileo's and Gassendi's versions of the Ninth Argument, its syllogistic form, and Riccioli's reply.]
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—are whirled round, and yet seem to ourselves to stand and rest." The argument from the incredible swiftness also urges, of which more must be said separately in the following chapter.


[Margin: Galileo's reasoning, supposing the heaven fluid.]



[XXVIII.] And this, of course, is the sixth confirmation for the diurnal rotation of the Earth which Galileo reckons up (Dialogue 2, On the System of the World, Latin p. 85), when he says: "There is added an absurdity (and this is the sixth inconvenience), for those discussing the matter [on the hypothesis of] a solid [heaven]: that it cannot be comprehended by any thought what the solidity of that vastest sphere must be, in whose depth so many stars are so tenaciously founded, which—without any variation of position among themselves—are snatched round in an orb with so great a disparity of motions. Or, if indeed the heaven is fluid (as it is more reasonable to believe), so that each star wanders through it by itself: by what law are their motions governed, and to what end does it come about that the same [stars], beheld from the earth, appear made [to move] by one single sphere? It seems to me, for obtaining this, that there is a reason so much the easier and more accommodated, to establish those [stars] immobile, not wandering, by how much it is readier to keep a courtyard paved with stones [in order] at one's nod, than a crowd of boys running about in it."


[Margin: Gassendi's opinion on this.]



Although in truth Gassendi does not sufficiently express whether he supposes the sphere of the Fixed stars solid or fluid, nor makes mention of a Crystalline [heaven] above it and below the prime mobile except from the opinion of others—nevertheless he insinuates that a dissipation of the stars, from the diurnal rapidity, is to be feared (Epistle 2 On impressed motion, etc., p. 111): "How great, do you think," says he, "will the absurdity to be increased present itself, when a point [the earth] shall have been taken [reckoned] in the compass of the prime mobile—especially with one or another crystalline heaven interposed? And [when] they object, besides, that the parts of the earth would be torn apart by that so great whirling: how much more is the tearing-apart to be feared for the parts of the prime mobile, as being snatched by an incomparably swifter whirling?" But before we take away from the minds of these [men] this panic terror, let us call the whole force of this argumentation to the norm of a syllogism, which finally is such.


[Margin: The Ninth Argument in form.]



[XXIX.] "If the non-wandering Stars were moved to the motion of the Firmament by the diurnal whirling, they would not keep perpetually the same distance among themselves. But the non-wandering stars do keep perpetually the same distance among themselves. Therefore the non-wandering stars are not moved by the diurnal whirling to the motion of the Firmament: it remains, therefore, that the Earth itself is rather moved by such a motion." The Minor is certain from what was said (bk. 6, ch. 10). The Major is proved, on the one hand, from the incredible velocity of that whirling; on the other, from the fluidity of the Firmament, unfit to contain any fixed stars whatever always in the same distance from all the other stars; or also from [its] solidity—unless that solidity itself were posited so great as human belief and estimation cannot attain.


[Margin: Response.]



It is answered by denying the Major of the proposed syllogism, and its proof. For if the Firmament be supposed fluid, it is neither necessary, nor congruent with the more probable reasoning, that the non-wandering stars be moved to the motion of the Firmament; but they would more likely be posited as moved by the Intelligences, whether severally, or [as] enclosed together by some other bond, as it were a net, as we said (sect. 1, ch. 7). But if—the chief reason for asserting the Firmament solid being, after the authority of many Fathers and Doctors, that very perpetuity of equal distance of the Fixed stars preserved from those same stars, and observed from the most ancient times of Astronomy—if, I say, the Firmament be so solid that it is neither worn down by another body apt, through the extrusion of warmer spirits or latent sparks, to concur toward ignition, nor dashes itself against another body, nor is forced by a sudden concussion to halt or recede, but is carried round, by an even tenor of motion, always within the same space: in vain is it feared lest it be broken, or burst asunder, and thus, the framework being dissolved, perturb the intervals of the Fixed stars. Nor can Gassendi in particular spurn this response, who similarly answers concerning the Earth, saying in the same place: "Although for the parts of the Earth itself there is no danger—because they all cohere among themselves, and are borne by an ever natural and even motion—it is just the same as if they were at rest; and the only mischance to be feared would be if the earth were dashed against a resisting body, or otherwise halted by a sudden rest." And [I ask], could not GOD infuse into the Firmament a coherence and solidity as great, and much greater, than He implanted in the Earth—even if that solidity were to be reckoned so great as to exhibit an admirable work of God?


[Margin: God's glory shines forth most in the Firmament and its motion.]



[XXX.] Wherefore, if the Copernicans do this, that they may [build up] a marvelousness in the divine works—or [rather] detract either the admiration or the belief of it from human minds, [then] they do not act consequently, who, from the vast immensity of the interval between Saturn and the Fixed stars, and from the immensity of that supreme heaven, [should rather] inculcate to us the divine Omnipotence and Majesty of the Creator (as we shall afterward see); nor do [these notions] cohere with [the views] of most of the Wise, and especially with the eloquence of the divine letters. For what else do those most-celebrated songs of Psalm 18 sound forth: "The heavens declare the glory of God, and the Firmament announces the work of [His] hands"? For how does it announce, except chiefly by the harmony of the diurnal revolution, by which the alternating turns of days and nights, repeated by a law so constant from the very founding of the world, by a certain hidden sound excite mortals to the knowledge of God and the acknowledgment of His power? For there is subjoined: "Day unto day uttereth speech, and night unto night sheweth knowledge; and Into all the earth their sound hath gone forth, and their words unto the ends of the world." What likewise do those words insinuate to us in Ecclesiasticus, ch. 43: "the Vessel of the camps on high, in the firmament of heaven shining forth gloriously"? Or what else does the Prophet Baruch signify, ch. 3, when, from the light of the rising stars [coming] successively over the orb of the earth, by the sublimity of [his] eloquence he commends GOD, saying: "He that sendeth forth light, and it goeth; and He called it, and it obeyeth Him with trembling. And the stars gave light in their watches, and rejoiced; they were called, and they said, Here we are; and they shined forth with cheerfulness to Him that made them. This is our GOD, and no other shall be accounted of against Him." What, I say, do these [things] hint to us, but that it was, and is, equally easy for our GOD to direct the array of the stars in order, by the Intelligences, at His nod, without any confusion of the place once assigned to them as it were for a watch-post; and that it is done [as] for a most expert Field-marshal, or a most skilled Emperor [General] of an army, [who] so moves his troops, however great, by great and most swift marches, in companies—and governs [them] by their centurions and tribunes—as if the camps were transferred, with the rampart itself, as it were enclosed in a certain vessel? Finally, let us hear GOD Himself, asking (Job 38): "Canst thou join together the glittering stars, the Pleiades, or canst thou dissipate the gyre of Arcturus?" Just as if He should say: canst thou, or any little man like thee, in so small a space of heaven—however small is that which the asterism of the Pleiades occupies—bind together such a multitude of stars, in an order so perpetual and constant and with an immutable constancy of intervals? (For not seven only, but far very many [stars] in that tract has the Telescope brought to light); or wilt thou be able to bring it about that Arcturus, though it repeats its gyre daily with so ample a circuit and so great a velocity, be dissipated and otherwise thrust out, and forced to run out, wandering, by one and another path? By no means, surely by no means.

Tenth Argument, from the Neediness of the Earth, and the Independence of the Stars from the Earth—which [Earth] is not the end for which the stars are ordained

[XXXI.] This is the last of the arguments pertaining to this head. "It is ridiculous," says Gilbert (bk. 6 On the Magnet, ch. 3), "that the Heaven, and for the sake of the earth—so small a globe—should be moved." For it seems unworthy of the majesty of the Heavens that they should be moved by the diurnal motion for the sake of the Earth, since they themselves do not need that motion; whereas the Earth itself remains unmoved—[the Earth] which alone, or most of all, needs the good consequent upon that motion. For whatever is moved locally is moved to this end: that it may acquire some good which it never had—and thus living things are moved, which on that account are called by the Philosopher "living," because they acquire for themselves something beyond what they have from birth, and perfect themselves chiefly through motion, which plants accomplish without motion; or at least it is moved that it may recover a lost good, or restore itself to a place in which it can best be conserved—by which reason the bodies of the elements, and of inanimate mixed [bodies], are moved. Lansberge urges this argument in the Progymnasmata, adding that the earth is moved with less expense than the stars; just as a mother more easily moves the boys to the fire, that she may warm them, than [she] leads the fire around—
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—to warm them, than to lead the fire around them. Kepler too urges [it] (bk. 4 of the Epitome of Copernican Astronomy, p. 500), saying: "The other argument destroys all motion whatever of the sphere of the Fixed stars—nay, I say, [the motion] of all the Planets; since it does not appear to what good [end], when there is nothing outside, whence or whither that translation should vary both position and appearances; and [since the Earth] obtains by rest whatever it could attain by any motion. For from its rest are understood the motions of all bodies; and unless it provided the place (which it most rightly performs by resting), nothing could be moved." But the same [thing] he had said in the Dissertation with the Sidereal Messenger: "Let man, therefore, acknowledge that he is not the fount and origin of the mundane ornament, but depends on the true fount and origin. Add also this, which I said in the Optics: that for the sake of the contemplation for which man was made, and adorned and furnished with eyes, man could not rest at the center, but it behooved that he be carried about by the annual motion in this ship of the Earth, for the sake of surveying—no otherwise than the measurers of inaccessible things change station for station, that from the intervals of the stations they may contrive a just base for the surveyor's triangle." For what he here says of the annual motion holds also (if it holds at all) of the diurnal. Let the argument now be gathered into a summary.


[Margin: The Form of the Tenth Argument.]



[XXXII.] "Motion is to be attributed to that which needs that motion for its own good, but not to that which does not need it. But it is the Earth that needs the diurnal—nay, even the annual—motion for its own good, not the heaven. Therefore the diurnal (nay, even the annual) motion is to be attributed to the Earth, not to the heaven."

It is answered by denying the Major, if that which is to be moved (or is moved) be [moved] not from within, but from without, by [an agent] ordaining it to the good of another; or [if] the mobile—whether it be moved from within or from without—be by its own nature ordained to the perfecting of other [things] by means of that motion, so that its [own] good is to be perfective of others, while meanwhile it itself takes no detriment—of which kind are the heavens and stars; but by conceding [the Major] if none of these [conditions] militate in such a mobile. But to that which is added—that we are not the end for which the stars and heavens and their motions are ordained—we deny that proposition. For now (sect. 2, ch. 4, num. 10) we have taught the opposite clearly enough, as consonant with sacred Scripture, much more with the Fathers.


Chapter VI, Seven Arguments are proposed and dissolved, [drawn] from the conditions of the Diurnal Motion itself, for the diurnal motion of the Earth rather than of the Heaven

[I.] The first and chief argument of the Copernican sect—and, as is said proverbially, [its] Achilles—is that which is derived from the incredible velocity of the Fixed stars, if they rather than the Earth were moved. Which velocity, that they may exhibit it [as] incredible, various [men] propose according to the various distance of the Fixed stars from the Earth.


[Margin: Maestlin's calculation for the velocity of the Fixed stars.]



For Maestlin, in the preface to the First Narration of Rheticus, first assumes from Reinhold (who computes the Ptolemaic measures of the orbs) a distance of the Fixed stars of 25,000 semidiameters of the earth, from which, he says, it follows that a fixed star placed at the Equator of the heaven is, in one single second of an hour (in which little space of time you would scarcely utter three or four words in hurried speech), snatched more than fifteen hundred German miles. Then, assuming from Alfraganus a distance of the Fixed stars from the earth of 20,110 semidiameters of the earth—and so a diameter of 40,220 terrestrial semidiameters, to each of which he assigns 860 German miles—the diameter of the sphere of the Fixed stars comes out for him [as] 34,589,200 German miles; and, according to the proportion of the diameter to the periphery, or 7 to 22, he gathers the circumference of the sphere of the Fixed stars [to be] 108,708,914 German miles. These being divided by 24 hours, it follows that any Fixed star at the Equator runs through, in each hour, 4,529,538—that is, more than four million five hundred thousand German miles; and in each single minute of an hour 75,492—that is, more than seventy-five thousand; and in each single second, 1258—that is, more than twelve hundred German miles, of which 15 make one degree of the greatest circle on earth. Or, if we believe Cardano (bk. 5 On proportions, props. 58 and 218), and—often confirmed by experiments, says Maestlin—who says that in one hour the artery of a man of temperate nature pulses about four thousand times: it follows, he says, that in one beat of the human artery the aforesaid star runs through 1132—that is, more than eleven hundred German miles—and the prime Mobile yet more, if it be placed higher than the eighth sphere; which "exceeds all belief," concludes Maestlin. Finally, in the Additions, or notes, to the same First Narration of Rheticus, p. 119 (it ought to be 115, but the printers erred), assuming a distance of the Fixed stars not [of] 14,000 [semidiameters, the] Tychonic [figure], but still a little less—namely, 13,500 terrestrial semidiameters—and so a diameter of the sphere of the Fixed stars of 27,000 semidiameters of the earth (that is, 23,220,000 German miles), he gathers the periphery of the celestial Equinoctial [to be] 72,977,143; which divided by 24 he computes, for each hour, 3,040,714 German miles; which again divided by 4000 beats of the human artery, there come out, for each beat, 760 German miles, to be traversed by any one star situated at the Equator of the eighth sphere.


[Margin: Maestlin's rash opinion.]



"But this is far absurd to believe," he there concludes; nay, a little after he does not hesitate to say: "Whether this is to be believed of a natural celestial body, and not to be accepted as absurd and simply impossible, anyone—if only he enjoy some use of reason—will judge. But all these and suchlike absurdities are far exiled from Copernicus's hypotheses." And so, if we listen to this man, we must either be mad and devoid of the use of reason, or surely we must judge that it was impossible for God, as the author of nature, naturally to concede so great a velocity to the Fixed stars, that in each beat of the human artery they should run through 760 German miles.


[Margin: Kepler's calculation for the velocity of the Fixed stars or of the Earth.]



[II.] Let the disciple Kepler succeed Maestlin: who, first (in the Epitome of Copernican Astronomy, bk. 1, p. 107), affirms that it is more likely that nature should express a proportioned and small motion in the small Earth, than, in the vastest heaven, a motion incredibly swift, and which in swiftness should surpass [its] vastness by an immense ratio. For motion, no otherwise than magnitude, is a Geometric thing: "to great [things], therefore, slowness, and to small [things] swiftness, answers, not vice versa, as we learn in the Harmonics," says he; and he goes on [to say] that, if the machine of the World were turned about the Earth, it would accomplish, in one minute of an hour, up to fifty thousand German miles, the Tychonic distance of the Fixed stars being supposed. But if the Earth is turned, those parts which are rotated in the greatest circle of all accomplish, in one minute of an hour, only 3 German miles and three-quarters: which space is not even a thirteen-thousandth, nor a twenty-thousandth, of the space to be run through by the Fixed stars. Again, in the same Epitome (bk. 4, p. 500), from the same swiftness he attempts to establish the diurnal motion of the Earth, saying: "For if the outermost sphere of the Fixed stars has at least 4,000,000 diameters of the Sun in [its] diameter, the long circumference will be 12,566,370 [solar diameters]; which, if the whole be turned within 24 hours, in one [hour], then, 523,600 will be turned; in one minute, 8727; in one second (which nearly equals a man's pulse) there will pass 145 diameters of the Sun—of which each is not less than 13,000 German miles: and so, in the space of time in which the artery is once dilated and again contracted (the pulse [being] doubled), about seven million five hundred thousand miles of the greatest circle would be turned; and Saturn, with an orbit two thousand times narrower, will still cross nearly 4000 miles." But here he uses the distance of the Fixed stars owed to the Copernican hypothesis (the annual motion of the Earth being supposed), which [figures] avail nothing against the hypothesis of a standing Earth, in which the distance and swiftness of the Fixed stars is much less. The same Kepler, moreover, in the book On the New Star seen in Serpentarius (ch. 16), had reasoned thus: if the Earth be moved by the diurnal motion, the parts situated at its Equator will accomplish, in one hour, 240 German miles; but because its center, by the annual motion, accomplishes 740 German miles each hour, if these be added to those, there come about 980—or nearly a thousand—German miles, which some city placed under the Equator would have to complete in one hour of midnight; and, a few [things] which do not concern our matter being interpo-
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—posed, there follows: "Nor let this passage of a thousand miles in one hour seem to you even now incredible: I bid you consider the proportion of the density of air to the density of aether, which I demonstrated in the Optics, from which it comes about that the passage of a thousand miles in one hour through the aether is, by many parts—by an incredible number—more tranquil than is the passage of one mile in one hour through our air." These things posited, he passes to the Ptolemaic hypothesis, and affirms that all [things] are found more incredible in it; for he says: "In it the semidiameter of the sphere of the fixed stars possesses twenty thousand semidiameters of the earth: the circuit, therefore, will be sixty-three thousand."


[Margin: Kepler's slip.]



This slip is manifest, but pardonable; for he ought to have taken the diameter [as] 40,000 semidiameters of the earth, and, as 7 to 22, so to have made it to a circuit of nearly 126,000. Yet from his own calculation he gathers that in one hour a Fixed star must traverse 2625 terrestrial semidiameters, of which each contains 860 German miles. After these [things] he repeats that [saying] of his: "It is more credible that a great subject be without motion, than [that there be] a great motion in a small subject"; and below: "It is more difficult to intend [stretch] an accident beyond the measure of the subject, than [to have] the subject without the accident" (now velocity is an accident): "Copernicus, therefore, does the more probable [thing], who increases the orb of the fixed stars without motion, than Ptolemy, who increases the motion of the fixed [stars] by an immense velocity." Yet in that whole discourse he uses the proper motions of the Planets toward the East, showing that they are proportionally slower the more they are distant from the Earth; but, on the contrary, [he argues] that if the diurnal motion were attributed to the Fixed stars, there would be made a passage from the slowest Saturn to the swiftest Fixed stars: in which matter there is a foul—not to say crafty—equivocation; for the Fixed stars and Planets ought to be compared in the same genus of motion, not in a diverse [one], as we shall teach below.


[Margin: Galileo's defense for Kepler.]



[III.] Galileo, however, cleaving to Kepler (Dialogue 2 On the System of the World, p. 198 of the Latin version), adduces—in order to dissolve Chiaramonti's objection against Kepler—[an objection] which is of this kind: "Kepler is deceived when he says that in the sphere of the Fixed stars the accident—that is, the velocity—is increased beyond the measure of the subject; for since the circumference of the sphere is increased in [a certain] proportion, by the same [proportion] is increased also the motion, or the space to be traversed by the mobile." Which Galileo tries to dissolve by saying that Kepler was not so dull of wit as not to see that, but understood, by "the measure of the subject," the norm and example of the other celestial bodies, which, the more they are removed from the center, the slower they are, as appears in the Planets and in the Medicean stars. But this solution is frivolous, since the comparison is not made in the same species of motions, as will be said in the solution of the second argument.


[Margin: Lansberge's calculation for the velocity of the Earth and of the Fixed stars.]



[IV.] Longomontanus too (bk. 1 of the Theorics, ch. 1) calls the swiftness of the Fixed stars incredible. But Lansberge, in his 6th argument for the diurnal revolution of the Earth, says that any terrestrial point at the Equator accomplishes 225 German miles in one hour, and in one minute (that is, second) a sixteenth part of a mile; which has a fitting proportion with the motions we experience in nature. For a cannonball traverses, in one minute, a sixteenth part of a German mile.


[Margin: The velocity of a cannonball.]



But if the Eighth sphere were moved, it would have to run, in one minute, 643,848 miles; and Saturn, if it were turned by the diurnal revolution, would complete in one minute 930 miles—which he thinks utterly absurd. Yet Lansberge confesses, from an experiment of the Landgrave of Hesse, that a cannonball traverses half a German mile in one minute of an hour before it strikes the ground; for Kepler affirms (p. 108 of the Epitome) that the Landgrave and Tycho experienced this.


[Margin: Mulerius's calculation for the velocity of the Fixed stars.]



On the contrary, Nicolaus Mulerius (p. 322 of the Frisian Tables), the Tychonic distance of 14,000 terrestrial semidiameters being supposed (or 12,040,000 miles), says that the great circle in the Firmament is extended over 88,000 terrestrial semidiameters (or 75,680,000 miles), and so that the hourly motion of a Fixed star at the Equator is 3,153,333 miles; but from this velocity he deservedly rises up to the praise of God's power, exclaiming with the Psalmist, "The heavens declare the glory of God," etc., and [of God's] benignity, which for our sake moves the Firmament with so great a velocity—repeating that [verse] from Psalm 8, "What is man, that thou art mindful of him?"—so far is he from gathering thence any absurdity.


[Margin: Gassendi's calculation for the velocity of the Earth and of the Fixed stars.]



[V.] Lastly, Pierre Gassendi (Epistle 2 On motion impressed by a translated mover, p. 111) rightly indeed admonishes that there is no reason why it should be objected to the Copernicans as absurd, that we, in some part of the earth—namely under the Equator—are moved with so great a velocity that scarcely a cannonball attains so great a velocity: but he adds that there can be retorted by the Copernicans an incomparably more absurd velocity of the Fixed stars. For a point of the Earth, in one second of an hour (or in the interval from one pulsation of the human artery to another), under the Equator, where the motion is swiftest, would run through about two hundred Orgyas, or toises. But since the circuit of the Firmament is (according to the common opinion, says Gassendi) greater than the circuit of the Earth by more than fifty thousand times, it is necessary that, in one second of an hour, a point of the circuit of the Firmament should run through fifty thousand times as many fathoms.


[Margin: Our calculation for the velocity of the Fixed stars.]



[VI.] Thus far the measures of the Copernicans, if you except Mulerius—for [the figures], however, the Reader can consult our Table on the swiftness of the Fixed stars, which we set forth (bk. 6, ch. 7, num. 18), where, from others' distances of the Fixed stars from the earth, we gathered that velocity; but from our own hypothesis [a velocity] much greater. For in one second of an hour, or in the interval of a human artery's pulse, any Fixed star at the celestial Equator traverses, on the Ptolemaic [reckoning], at most three semidiameters of the Earth; but on our hypothesis, 152⅔ terrestrial semidiameters—that is, 629,128 Italian Bolognese miles, which are 157,282 German [miles] (according to what was said, bk. 2, ch. 7, on our measures of the terrestrial globe). And so, far from wishing that velocity diminished, we rather, by our hypotheses, make it and confess it about seventy times greater than it is in Tycho's hypothesis, and fifty times [greater] than in the Ptolemaic. And yet, this notwithstanding, we shall presently show that the Achilles of the Copernicans has feet of clay, and feeble. But first let the argument [be] in form.


[Margin: The syllogistic form of the argument.]



[VII.] "The diurnal motion is to be attributed rather to that [body] whose velocity becomes the more credible, and the more proportioned to the mobile subject. But if the diurnal motion be attributed to the Earth, its velocity becomes more credible and more proportioned to the terrestrial mass, than if it be attributed to the sphere of the Fixed stars. Therefore the diurnal motion is to be attributed to the Earth rather than to the sphere of the Fixed stars." The Major is plain of itself, and is established even from this, that Nature and God do that which is easier in itself, and more intelligible, and more credible to an intellectual creature. The Minor is proved from this, that the velocity of the Earth comes out many times less than the velocity of the Fixed stars (as was shown from numbers 1 to 6), and is more congruous to the measure of the subject (or to the mass of the Earth), than is the velocity of the Fixed stars [congruous] to the immensity of their sphere (as was shown at numbers 2 and 3).


[Margin: First Response.]



It is answered, first—the Major being granted but not yet conceded (for God and Nature do not always do what is on that account more credible to us, because it is easier)—by denying the Minor as to each of its parts. Just as the consequence of the argument adduced for the first part of the Minor is denied: for it does not follow that a velocity is more credible from this precisely, that it is less, and more incredible from this, that it is in reality greater—unless the excess of the latter over the former be also against sense, or disproportionate to the capacity of the subject and to the motive power, and the deficiency of the lesser be conformable to sense. Which does not happen in our case: for the motion of the Fixed stars is indeed evident to sense, and their velocity is very slight to sense—so much so that in one second of an hour, nay in one minute of an hour, they scarcely seem to be moved. But the motion of the Earth is plainly none to sense; wherefore its velocity is not less, but the utmost slowness—nay, no motion at all—if we stand by the physical evidence which we have from sense; wherefore all its velocity is contrary to sense. But if the comparison were made between two mobiles, of whose motion we had physical evidence, then assuredly that velocity would seem the more credible which was less, or at least so [moderate] as not to offend sense, than that which would offend sense by excessive rapidity, if the eye wished to follow it. For to the intellect it cannot be excessive, since it comprehends a much greater [one].


[Margin: The velocity of the Fixed stars is proportioned to the subject.]



As to the other part of the Minor, concerning the velocity proportioned to the subject, this too is denied (as I said), and its proof. For if the comparison be made (as it ought) in the same genus or in the same species of motion—namely, in the diurnal motion—by as much as the semidiameter of any sphere grows, by so much also [grows] the circumference, which is the space traversable by the diurnal motion. Wherefore, just as the velocity of the parts [nearer the axis] would not be incongruous—
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—of the parts of the terrestrial surface, even if it be four thousand times greater than the velocity of the parts which are distant by one single pace from the center of the earth: so neither is the velocity of the parts of the sphere of the Fixed stars incongruous, even if it be many thousands of times greater than the velocity of the parts of the terrestrial surface. For this happens in [our] case just as if the single pace of some giant were compared with the single pace of an ant; for each [pace] is proportional to the legs of its [own] subject—granted that in one single pace of the giant a thousand paces of the ant be contained, and on account of this number that pace, which to the giant is single and very easy, should seem (by the multiplicity of the little parts) too swift for the ant. But how sophistically the comparison of the diurnal motion of the Fixed stars is transferred to the [proper] motion of the Planets toward the East will be plain from the solution of the second argument, presently to be proposed. And thus far concerning the comparison of the spheres as to surfaces; for if [we compare] as to masses, the excess of the mass or solidity of the greater sphere over the lesser is greater than [the excess] of surface over surface, since that [ratio] is the tripled [ratio] of the diameters. But this will appear more evidently from what will be said (ch. 30, num. 8), where [I treat] of this expressly.


[Margin: Second Response.]



It is answered, secondly, by conceding the Major if that velocity be more credible to the intellect with the evidence of the senses safe, and [with] an authority that constrains us; [but] by denying [it] if it be more credible to the intellect [taken] precisely, but credible not only to [an intellect] abstracting from sense and from constraining authority, but even to [one] judging against both. This distinction being supposed, the Minor is then denied: for the Copernicans, against the evidence of sense, deny motion to the Fixed stars and concede it to the Earth, and are wholly bent on this, that we should follow mere intelligible reasons, sense being neglected or corrected, and the sacred authority being dragged, without necessity, from the literal sense to a tropical and alien [one]. But we are not yet disputing about Authority; nevertheless we ought not always to forget it amid the responses to their arguments.


[Margin: Kircher's witty saying.]



And not unskillfully did Athanasius Kircher say (in the Magnet, p. 539): "God commends Himself by the velocity of the Sun; canst thou not believe [it]?"—namely by those words [Ps. 18]: "He hath rejoiced as a giant to run the way."


[Margin: Third Response.]



It is answered, thirdly, by retorting the argument—not indeed against the Semi-Copernicans, who admit only the diurnal revolution of the Earth, but against the Copernicans who add the annual [motion] too. For from that [annual motion] follows the immense distance of the Fixed stars, so that the diameter of the great orb [the Earth's orbit] comes out [as] a point in respect of it—and indeed a vastest interval, idle and destined for no stars, between Saturn and the Fixed stars. As, therefore, those [Copernicans], in order to soften its incredibility, have recourse to the admirableness of the Power and Majesty of God the Maker, so from the remarkable velocity of the Fixed stars we [shall] suffer the Omnipotence and Majesty of the same God to be commended. Especially since the divine Power and Wisdom shines forth far more in attributing to a sphere of moderate magnitude a remarkable velocity—but one serving some use—than in extending a mass into the immense without any motion, or [without] an action equivalent to motion, and in such a way that it cannot appear to what use that inert mass, void of sensible bodies, serves. To me, surely, he would seem of greater genius and skill who should so construct a certain great ship full of sailors, soldiers, and merchants, that—whether by the contrivance of sails or of wheels—in the space of one hour it should fly across a thousand miles in the Ocean, than he who should raise a crag up beyond the clouds, but a bare one, and (except for its peak) furnished with no herbs, plants, animals, gems, or minerals.

Second Argument, from the Proportion of the Motions and Intervals, and of the Mobile Subjects

[VIII.] I should indeed be ashamed of this argument—as being sophistical and resting on a manifest equivocation—did they not so seriously urge it, on the occasion of the first argument related in this chapter; in the first place Kepler (ch. 16 On the new star in Serpentarius), where he so plainly draws up the reckonings.


[Margin: Kepler's calculation for the proportion of the celestial motions to the intervals.]



"In Copernicus's hypothesis," he says, "the globe of Saturn traverses in one hour nearly 300 German miles; of Jupiter, 400; of Mars, 600; of the Earth, 740; of Venus, 800; of Mercury, 1000." (But he is speaking of the proper motions toward the East.) And he subjoins: "A fair proportion indeed, where always the swifter is that which is nearer to the resting Sun, and to the dispenser of all motion." Then, having said that in Ptolemy's opinion all [things] are found more incredible, he adds that to the Fixed stars, if they move, must be [assigned] in one hour 2625 semidiameters of the earth, of which each contains 860 miles. "Here behold," he says, "for me an immense difference: Saturn, which with Ptolemy is nearest to the Fixed stars (so that it all but touches them), crosses, with Copernicus, in one hour, 300 miles; with Ptolemy, two million two hundred fifty-seven thousand five hundred miles. He must be believed, then, [to be] swifter with Ptolemy than he is with Copernicus seven thousand five hundred and twenty-five times. Whoever shall attempt to comprehend with the mind this incredible velocity will be equally fatigued—and even more vehemently—than he who [attempts to comprehend] the Copernican immensity. Meanwhile weigh, O Philosopher, that here the proportion of the accident to its subject is far more to be demanded than anyone can rightfully demand, with Copernicus, the proportion of [one] part of the World to [another] part."


[Margin: Galileo's discourse for the same proportion.]



[IX.] By exactly the same reasoning, Galileo (Dialogue 2 On the System of the World, Latin p. 84) judges Ptolemy's hypothesis improbable, because, every proportion being taken away, the manifest order of the motions in nature is disturbed: "The order," says he, "is such, that the greater an orb is, by so much the longer time it finishes its revolution, and the smaller in a shorter [time]. Thus Saturn, etc. Nor less sensibly do we see, in the Medicean stars, that one which is nearer to Jupiter completing its revolution in the shortest time—that is, in about forty-two hours; the next in three and a half days; the third in seven days; and the remotest in seventeen days. And this concordant tenor will not be changed at all, while we assign to the terrestrial globe a motion of 24 hours upon itself. But if we establish the Earth immobile, then it will be necessary to pass from the slowest sphere of Saturn to the incomparably greater sphere of the Fixed stars, and to attribute to it a revolution of 24 hours, etc. But if we assign mobility to the Earth, the order of the periods is in the best agreement with itself, and from the laziest sphere of Saturn there is a passage to the entirely immobile Fixed stars." Like things he repeats in the same Dialogue, p. 199, where, refuting the responses of the Anti-Tycho—that is, of Chiaramonti—for the Ptolemaic system, he says: "But this conflicts with the architectonic rules of nature itself, which observes this in the measure of the lesser spheres (as we see in the Planets, and most sensibly in the Medicean stars): that it turns the smaller orbs in smaller times too. Wherefore the time of Saturn's revolution is longer than all the times of the other lesser spheres, inasmuch as it is completed in 30 years. Now to pass from this to another much greater sphere, and to determine its revolution by only 24 hours—that indeed, not without reason might one say [it is] to wander outside the rules of the measure."


[Margin: Lansberge's similar discourse.]



Where Galileo plainly Keplerizes—as also Lansberge, in his commentaries on the diurnal and annual motion of the earth, who discourses by the same reasoning of the aforesaid order. But presently we shall detect the equivocation, when we shall have constrained the argument to the laws of the syllogism.


[Margin: The Second Argument reduced into form.]



[X.] "The diurnal motion is to be attributed rather to that sphere which is the least of all, than to that which is the greatest of all. But the sphere of the Earth is the least of all the spheres of the world, and the sphere of the Fixed stars [is] the greatest. Therefore the diurnal motion is to be attributed to the sphere of the Earth rather than to the sphere of the Fixed stars." The Minor is called into doubt by no one; the Major is proved by induction from the manifest motions of the spheres: for the greater each sphere is (whether of the Planets or of the satellites of Jupiter), the slower, or of longer time, is its motion; and the smaller the sphere, the swifter, or of shorter time, the motion; but on the other side, the shortest revolution among the manifest revolutions of the stars is [that] of 24 hours, and so the least.


[Margin: First Response.]



I answer, first, by denying the Major, and distinguishing the prior part of its proof. For we grant rather than concede it, if the talk be of the proper motion of the Planets and of the Satellites of Jupiter toward the East—yet in such a way that not Saturn's sphere be admitted to be the laziest of all, but the sphere of the Fixed stars, inasmuch as it cannot naturally complete its revolution toward the East except in about 26,000 years, or, according to Ptolemy, 36,000; nor let that induction be conceded except of the celestial motions, as being manifest to sense, and so [with] the comparison made between the spheres of the world which it is beyond controversy are moved apparently—but not of the sphere of the elements, much less of the terre-


[…continues on p. 323 (PDF 358) with the catchword "terre-": "…[much less of] the terrestrial [sphere]"—the completion of the First Response and a Second Response to Argument 2, then the Third Argument (the repugnance of the proper motion with the Prime Mobile's).]





(printed p. 323 — within Chapter VI. Finishes the reply to the second argument (proportion of motions) with three Responses — the "bigger = slower" rule holds only for the proper eastward motion; the celestial motion may be one helical motion rather than two; and by retortion the diurnal motion should belong to the greatest sphere, with an excursus on the ancient harmony of the spheres. The Third Argument, from the repugnance of the proper motion with the Prime Mobile's in the same subject (Kepler, Galileo, Lansberge, Gassendi), is then proposed and cast in form.)
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—of the terrestrial [sphere], whose immobility, rather than motion, is manifest to sense. But this same prior part of the proof we utterly deny, if the talk be of the apparent and common motion of all the stars—namely, toward the West—which is called the motion of the Prime Mobile, and could be called the common [motion] of the mobile [bodies], if not by snatching, at least by imitation: for the greater the sphere, or the higher the star, that is moved by such a motion, the swifter is its diurnal revolution; and the smaller or lower, the slower—speaking here too of the spheres whose motion appears, and is manifest to sense. Hence it comes about that the sphere of the Fixed stars is revolved in 24 hours to the same Meridian, Saturn a little [more] slowly, and so of the rest—so much so that the Moon, the lowest of all, is revolved [back] to the same Meridian, toward the West, only in 24 hours and about 48 minutes more. But the posterior part of the proof is most true—namely, that the revolution of 24 hours is the shortest of the manifest [ones].


[Margin: Second Response.]



I answer, secondly, by denying the Major, and likewise denying the prior part of its proof, without any distinction. For there are not really two motions in the Fixed stars or in the Planets—one toward the East, the other toward the West—but, as we more probably posited and set forth with many [authors] (sect. 2, ch. 3, nn. 6, 7, 8, and 14), there is a single [motion] along spiral or helical—or quasi-screw-shaped—lines; because [the lower body] does not perfectly attain the idea of the Prime Mobile, but falls short of it in the time of revolution to the same Meridian by so much the more as it is, in place, more distant from it and nearer to the earth. Therefore, by that very slowness of attaining it, there seems [to be] a motion toward the East; nor, for saving this very appearance of this motion and satisfying the senses, is it needful to acknowledge that slowness as a distinct species of motion; but it suffices to imagine a motion toward the West, slower and slower, so much so that, the slownesses of many days being aggregated, the lower spheres or the Planets seem more and more to be left behind by the higher [ones]—but especially by the Fixed stars—and to be left behind backward toward the East. But this common motion toward the West is more manifest than its modification or retardation toward the East—inasmuch as it [the westward motion] is observable daily, whereas that retardation (if you except the Moon) requires several days to be made manifest by observation. Wherefore, in the order and proportion of the motions, the induction must be made either solely or rather according to this motion toward the West; but in it the motion is swifter in the greater spheres or higher stars: therefore with the best right is denied the prior part of that proposition which was adduced for the proof of the Major.


[Margin: Third Response.]



I answer, therefore, thirdly, by retorting the argument thus: "The diurnal motion is to be attributed rather to that sphere which is the greatest of all and the most remote from the center of the World, than to that which is the least and nearest to the center. But the sphere of the Fixed stars—or some [sphere] higher than it—is the greatest and highest; whereas the Earth [is] the least and nearest to the center of the World. Therefore, etc." The Minor is plain; the Major is proved both from the nature of the sphere and circle (in which, if the motion of all the parts be common, those move most swiftly which are most remote from the center), and especially by an induction made from the motions which in the stars are the most manifest of all—these being the daily motions toward the West, and the revolutions to the same Meridian; for it is established that such motions are swifter, and are completed in a shorter time, by the greater spheres, or by the higher stars, as was said in the second response. Therefore, etc.

And truly, unless this be done, the manifest order in the apparent motions of the mundane bodies is disturbed, and that most ancient Harmony of the heavens is taken away—which, with Plato and Hesiod, Cicero, Macrobius, Ficino, Glarean, [and] Zarlino, and very many of the Harmonic [writers], admired and received; inasmuch as they ascribed to the supreme sphere either the Mese or the Nete (that is, the sharpest [highest] of the notes and strings), on account of [its] swiftest motion, but to the Moon the Hypate (the gravest [lowest]), on account of [its] slowest motion. Granted that a few others, regarding that slowness of the apparent revolution toward the East, attributed the Nete to the Moon and the Hypate to Saturn—namely Nicomachus and Boethius, as I said (bk. 7, sect. 1, ch. 1); but these had fewer followers among the Musicians. But if both opinions are to be received, and the single motion is to be distinguished into two, what more admirable order of divine Providence could shine forth in these [things], than that a compensation should be made from the highest to the lowest, and from the lowest to the highest, in traversing this harmonic system upward and downward—and that the motion toward the West of that sphere should be slower whose motion toward the East is swifter? But this most beautiful compensation and antithesis is taken away, if the common motion—which evidently appears to sense in the stars—be attributed to the Earth, whose immobility is evident to sense. Away with that sophism, by which Kepler, Galileo, and Lansberge—regarding only the appearance of the celestial motion toward the East (as if this were the single or chief motion among those manifest to sense), the evidence of the common motion toward the West being meanwhile dissembled—have tried to block [the truth] from the eyes of the unskilled.

Third Argument, from the Repugnance of the Proper Motion with the Motion of the Prime Mobile in the same subject


[Margin: Kepler's ineffective argumentation.]



[XI.] "If the first motion," says Kepler (Epitome of Copernican Astronomy, bk. 1, p. 104), "is in the celestial orbs, then in the same subject there are two motions—one common to all the spheres, the other proper to each sphere. But it is far more likely that the first motion and the second motions are distinct in [their] subjects, so that the second motions, which are several, are each in its own sphere; but the first, which is single, is in the single body of the Earth." An ineffective argumentation, surely—as if the nature of "animal," because it is generic and common to every species of living things, must exist in [a] subject and in reality separately, in a single Idea, or in something else; or—to give an example, as in a sensible accident, of which kind is the apparent motion—as if it were needful that the nature of color be in a single subject, but in the rest whiteness, blackness, and the other differences. But you will say: if they are in the same subject, they will fight one another;


[Margin: Galileo's argumentation.]



and therefore Galileo (Dialogue 2 On the System of the World, Latin p. 83) said: "If that great motion be attributed to the heaven, it must necessarily be made contrary to the particular motions of all the Planets, each of which, without controversy, has its own proper motion from the West toward the East—which then we must make to be snatched into the contrary, that is, from the East into the West, by that most rapid diurnal motion: whereas, on the contrary, the Earth being asserted [to move] by a whirling upon itself, the contrariety of the motions is taken away, and the single motion from the West to the East is accommodated to all the appearances, and exactly satisfies all [of them]."


[Margin: And Lansberge's.]



The same argument Lansberge inculcates, in his commentary on the motion of the Earth, affirming that it is impossible that the eighth sphere be moved by two contrary motions; and therefore he concedes to the Fixed stars [their] proper [motion] toward the East (in which he differs from Copernicus), but attributes the common [motion] to the Earth.


[Margin: Gassendi's opinion.]



[XII.] With much weightier formulas Gassendi labors to prove this (Epistle 2 On motion impressed by a translated mover, p. 109), where he speaks thus of the motion of the prime Mobile: "Although the matter might perhaps seem somehow tolerable, if that whole machine were carried round by a single and simple motion toward the West; yet since, on the other hand, so many Planets are carried round also toward the East—what could be made more absurd than to feign, above the Planets and above all the Fixed stars and even the crystalline spheres, a vastest sphere of the Prime Mobile, which, against the lower [spheres] striving toward the East by their own and slow motions, itself strives in the opposite [direction], and toward the West snatches them all away with an incredible velocity? Can there be anything more violent, and yet be thought to be perpetual in the nature of things? Can there be anything more tortuous, and yet be attributed to nature, which, whither it tends, always proceeds by the shortest and most level way?" And, a few [things] being interposed for the simplicity of the terrestrial motion, he teaches that the snatching of the prime Mobile cannot be communicated to the lower orbs, which are not solid; and even if they were solid, [that] it could not [be communicated], because they lack the little handles by which they might be grasped by the higher orb. But these [things] do not militate against so many others, who—as I taught (sect. 2, ch. 3)—do not posit a Prime Mobile as distinct from the sphere of the Fixed stars and the motions of the Planets, and yet attribute the diurnal motion to them. Let the argument now be, in form, of this kind.


[Margin: The Third Argument in form.]



[XIII.] "It is impossible that the same mobile be moved by two contrary motions; or, if they be not really contrary motions, [they are at least] to be avoid-


[…continues on p. 324 (PDF 359) with the catchword "tanda": "…to be avoided"—the completion of the Third Argument's syllogistic form, and Riccioli's reply.]
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—[are at least] to be avoided, as far as can be, the appearance of contrariety. But if the diurnal motion be attributed to the Fixed stars and Planets rather than to the Earth, the same mobile would be moved by two contrary motions, or at least the appearance of contrariety would not be avoided as far as can be: therefore the diurnal motion is not to be attributed to the Fixed stars and Planets rather than to the Earth. The Major seems sufficiently evident, and to be denied by no one; the Minor has been proved at number 11: for one motion of the same mobile would either be, or appear to be, made toward the East, the other toward the West, which are contrary termini, and accordingly specify contrary motions; and this appearance of contrariety would most easily be avoided by attributing the diurnal motion to the Earth.


[Margin: First Response.]



I answer, first, the Major being conceded, by denying the Minor and both parts of its proof. For there is no apparent contrariety in the aforesaid motions, except in the imagination of those who in reality distinguish this motion into two motions toward contrary regions; but those who conceive it without that fiction—as a single motion toward the West, distinguished only by slowness or velocity from another motion made toward the same region—remove not only the real, but even the apparent contrariety from such a motion. But if you nevertheless urge that, by that very slowness by which they are forsaken by the swifter mobile, they seem to recede toward the East, and the appearance of contrariety cannot be wholly taken away: I answer that not even by the diurnal motion conceded to the Earth is that appearance avoided; for the same [things] would appear which [appear] now. Wherefore, if some cannot correct their fancy, so as not to seem to themselves [to have] two contrary motions, they will not conquer it even in this way, if they wish to cling to the appearances. But what, I pray, is that deception or perversion, that of two mobiles running toward the same part in a circle, the one which is moved more slowly must be said or seem to run in the opposite part? Re-read, I beseech, what was said by us about this apparent contrariety (sect. 2, ch. 3, from num. 6 to 8, and at 14, and in the scholia of the same chapter).


[Margin: Second Response.]



I answer, secondly, by retorting the argument against that contrariety which, in Copernicus's hypothesis, must be posited among the motions of heavy bodies while they are borne downward, if they have been thrown obliquely toward the West—and in many other mobiles of this kind; which [contrariety], if it is not absurd, then neither will that apparent contrariety in the motions of the stars be absurd.

Fourth Argument, from the Simplicity of the Motions


[Margin: Copernicus's opinion for the abridgment of the motions.]



[XIV.] But, they say, it cannot be denied that there is a greater simplicity of the motions if to the Planets, or even to the Fixed stars, a single motion toward the East be attributed, without any admixture of the diurnal motion to be represented (by spirals or in another way) toward the West; and [if] the appearance of the other motion be transferred to the single motion of the Earth. Hence that saying of Copernicus (bk. 1, ch. 10): "But the sagacity of nature is rather to be followed, which, as it most of all took care not to have produced anything superfluous or useless, so it has rather often enriched one thing with many effects." And this indeed is the third reason by which Galileo (Dialogue 2 On the System of the World, p. 84) confirmed the diurnal rolling of the Earth; for he concedes that whether the celestial motions toward East and West be contrary or not is an altercation of words, but he subjoins: "I know that in reality it is much simpler and more agreeable to nature, if we can save all [the appearances] by one single motion, than if we introduce two motions—which, if you will not call contrary, you may call opposite. Nor indeed do I condemn that introduction of opposite motions as impossible; nor do I affirm that a necessary demonstration is made from its negation, but [only] that at least something of weight accrues to the probability."


[Margin: Gassendi's opinion for the same abridgment.]



To which those words of Pierre Gassendi accord (Epistle 2 On motion impressed by a translated mover): "The Earth indeed being turned toward the East (than which nothing is more compendious), their own and slow motions toward the East are left to the Planets themselves; and that which appears to be in them, as in the Fixed stars, toward the West, will appear [to result] from the single conversion of the Earth toward the East—so much so that this single and simple conversion is equivalent to that prime Mobile, and meanwhile frees the lower orbs from that so great rapidity, violence, [and] intrication." But, lest [we say] more of these [things], let the argument be formed in the following manner.


[Margin: The Fourth Argument enclosed in its [own] form.]



[XV.] "Of two motions, that one is to be chosen which is simpler and single, rather than that which is multiple and composite. But the diurnal motion of the Earth is simpler and single, while [that] of the Fixed stars and Planets [is] multiple and composite: therefore the diurnal motion of the Earth is to be chosen rather than the diurnal [motion] of the Fixed stars and Planets." The Major rests on that most-received axiom of the Peripatetics: "It is done in vain through more [things], which can be done through fewer"—to which Galileo (Dialogue 2 On the System of the World, p. 88), with excessive subtlety, denies that the limitation "equally well" is to be understood, because that which is not done well, or not with entire goodness, is not the same [thing]; but the axiom supposes [that] it is the same [thing] which is done by more or by fewer. The Minor is easily proved: for, the diurnal motion of 24 hours being assigned to the Earth, it is not necessary to compound, with the proper motions of the Fixed stars and Planets, another motion toward the West; and so the single and simple motion of the Earth will represent the appearance of all the diurnal [motions].


[Margin: First Response.]



Someone may answer, first, by distinguishing the Major, and conceding it if all else be equal on both sides—that is, if equal satisfaction be given to the evidence had through the senses, or also to the authority which is superior to all reason; but otherwise, if it be not so, by denying [it]. But in the proposed case, [there stand in the way] both the Authority of Sacred Scripture (which attributes the diurnal motion to the stars, and immobility to the Earth), and—what is of this place—the evidence of the senses concerning the diurnal revolution of the stars, and the rest of the Earth.


[Margin: Second Response.]



I answer, however, secondly, the Major being conceded, by denying the Minor: for more motions, both in number and in species, are multiplied in Copernicus's hypothesis—the diurnal motion being attributed to the Earth—than if it be attributed to the heaven and the stars; provided that all the conditions of the motions be considered which the diurnal motion given to the Earth necessarily draws with itself, and provided that, on the other side, that hypothesis of the resting Earth be chosen which, by a single spiral line, represents all the varieties of motion in each of the Planets and in the sphere of the Fixed stars (according to what we have said so often, but especially in sect. 2, ch. 3, from num. 14, of this book). For in this hypothesis there is a single motion of the Eighth sphere toward the West, but gradually falling short of the most perfect Idea of the first motion which shines forth in the mind of the Intelligence (or of the Intelligences) moving that sphere along a spiral line—and which motion, perhaps on the first day, or the first three days, before the founding of the Sun and the stars, was accomplished by a most perfect revolution of the light to the same Meridian. In the seven Planets too there is a single motion, likewise toward the West, but slower in the lower ones, and accomplished obliquely by the Intelligences through spirals now looser, now tighter; and so in all there are eight motions, with the little appendages of motions by which the satellites are turned about Saturn and Jupiter—concerning which there is no dispute in this place.


[Margin: How mixed the motion of heavy and light bodies would be, if the Earth move.]



But in the motion of heavy and light bodies a simple motion through the shortest and simplest straight line suffices. But in Copernicus's hypothesis, besides the motions of the Seven Planets and the eighth (which he attributes to the terrestrial axis, somewhat slowly reclining backward [against the order of the signs]—but the Semi-Copernicans [attribute it] to the Fixed stars), there is need of a ninth motion really distinct, and [need] to attribute it to the earth; which being posited, in order that the innumerable experiments of motions be saved (by which both inanimate and animate [things] are moved in Earth, Water, and the Air nearer to the lands), it is necessary—besides the straight motion of heavy and light bodies, and the peculiar motions of living things, of winds, of clouds, etc.—to posit a circular motion, included in those motions but unknown to us, or not seen [by us]: from which there arises a motion mixed of straight and circular—whether it be parabolic (according to what was said in the scholia of ch. 4), which surely is not the shortest, but must be accomplished by a longer way, or of some other figure (about which matter, below, ch. 17). Nor here [is] the end of the perplexities. For one must feign that a clod of the earth, torn from the earth's surface near the Poles and thrown there straight upward to the perpendicular, is moved with that slowness with which the circles of the earth parallel to the terrestrial Equator, but near its poles, are moved; but if the same clod be carried in a chest by someone into another parallel, or be thrown upward from North toward South by an oblique cast, [one must feign that it] ascends and descends with the ratio of [its] velocity continually changed, so that over the parallels nearer to the Equator it moves more swiftly; and this, although it [the clod] is not conjoined to the Earth in the way the Fixed stars are conjoined to the eighth sphere—and so [one must feign it] to change innumerably the property of [its] velo-


[…continues on p. 325 (PDF 360) with the catchword "velo-": "…[the property of its] velo[city]"—the completion of the Second Response and a Third Response to Argument 4, then the Fifth and Sixth Arguments.]
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—the property of [its] velocity, and that line of motion to turn out manifoldly composite. But if this is not a real composition, but [only] a diverse affection and modification of a single motion, then it is far truer that in each Planet there is no real composition of motions, but only diverse affections of a single motion.


[Margin: Third Response.]



I answer, therefore, thirdly, by retorting the argument thus: "Of two motions, that one is to be chosen which is simpler and single, rather than that which is multiple and composite. But the diurnal motion attributed to the Fixed stars and Planets, together with the rectilinear motion of heavy and light bodies, is simple and single in each of the simple bodies; whereas it is not such if the proper motions be attributed to the Fixed stars and Planets, and the diurnal [motion] to the Earth. Therefore." In the Major we both agree; the Minor has now been set forth in the second response, and proved—since, in place of eight motions in the heaven, and two in the Elements (one upward, the other downward), a ninth [motion], of the Earth, is posited, and to the rectilinear [motion] of the elements is added a mixture of the curvilinear, and the ascent and descent of those [elements] is made by a longer way than if they were borne by a rectilinear and perpendicular path by their own nature. It behooved the Copernicans, therefore, to look round at these [things] more attentively, or not to dissemble the multiplicity of motions and of the accidents in the motions, which lies hidden in their hypothesis.

Fifth Argument, from the Unequal Participation of the Diurnal Motion, or from the Unequal Velocity of those [stars] by which they are moved by the diurnal motion


[Margin: Galileo's discourse, but plainly fallacious.]



[XVI.] Truly, flattering is that Self-love by which each one has long been affected toward his own opinion, and to which he has so accustomed himself, that in his own hypothesis he does not recognize those very spots or blemishes by which he thinks the hypothesis of others deformed. Lo, behold Galileo (Dialogue 2 On the System of the World, p. 85 of the Latin version), thus inveighing against the common hypothesis, which concedes the diurnal revolution to the Fixed stars: "The fourth difficulty is the immense disparity between the motions of those same stars, of which some will be moved most swiftly, in vastest circles, others most slowly, in least circles—according as these or those shall have been nearer to the poles, or less near: which indeed is very inconvenient; both because we see those [stars], of whose motion there is no doubt, all moved in the greatest circles; and also because it seems absurd to set up bodies movable circularly at immense distances from the center, and to attribute to their motions the least circles." These are the very words of Galileo, seriously brought forth, as appears; for which [words], however, some raw recruit, lightly imbued with the elements of the doctrine of the sphere, would (I know well enough) be soundly thrashed by [Galileo] himself.


[Margin: Refutation of the Galilean Argument.]



And so there is no need to form an argument, that we may spit out [reject] its fallacy: for there is no inconvenience that, of the same sphere driven round by a single whirling about its [own] poles, the parts which are in the circumference of the great circles should be moved more swiftly than those in the circumference of the lesser circles and nearer the poles; but it is necessary by Geometric necessity, since in the same time the former traverse greater, the latter lesser arcs—whether then that sphere be great or small. Otherwise, if it were an inconvenience, it would be no less so in the diurnal revolution of the Earth, whose parts placed at the Equator it would assuredly be necessary [should] be moved much more swiftly than the parts situated in the polar circles, or near the poles. It is moreover false that the stars, of whose motion we least doubt, are all moved in the greatest circles; for the Planets, neither do they by their proper motion always dwell in the Ecliptic, but, having gained from it a latitude of several degrees, describe lesser circles—especially if they are then perigee or perihelion; nor is their common motion (which is no less evident to sense in them and in the Fixed stars, inasmuch as it is daily and daily observable) made through the greatest circles, but through ever-different [circles] parallel to the Equator. Lastly, the circles which in the heaven are called least, because nearest to the Poles, are not called least comparatively to the circles of the Earth, but to the greatest circles of the same heaven or sphere; but by the very reason by which they are, and are called, least, they are not the swiftest but the slowest—namely, in comparison of the motion which in the same time is made through the greatest circles. There is, therefore, no absurdity, if at whatever interval they be distant from the earth they nevertheless describe circles which are least comparatively to the greatest [circles] of the same sphere, and which are not least comparatively to the circles of the Earth. Nay, if there were any absurdity [in] this, it would be multiplied the more by moving the Earth; for then there would be an appearance of unequal velocity in the heaven, AND a real inequality in the parts of the Earth, more or less remote from the poles.

Sixth Argument, from the Inconstant Declination and Velocity of the Fixed stars


[Margin: Galileo's other argumentation, but ineffective.]



[XVII.] Galileo sets out, but does not get on; and in the same Dialogue 2 On the System of the World, and on the same page 85, he passes to another (as he himself calls it) inconvenience, which follows from the diurnal motion attributed to the Fixed stars [as heavenly bodies]: "For"—to use his own words—"the stars themselves will vary their circles and their velocity (which is the fifth inconvenience): for those [stars] which, two thousand years ago, were on the Equinoctial [celestial equator], and consequently by their motion described the greatest circles—since in our time they decline many degrees from the Equinoctial, must necessarily have become slower in motion too, and reduced to this, that they describe lesser circles. And it is but little wanting that it could happen that a time should come in which some one of them, always before moved, when it shall have been united with the Pole, should stand devoid of all motion, and after a rest of some time should begin to be moved again: whereas, nevertheless, other stars, which without doubt are moved, all describe (as was said) the greatest circle of their orb, and are turned in it without variation." Are these the inconveniences, O Galileo? And are these [things] said by you in earnest, or feignedly? But let the argument be formed—although there is scarcely need.


[Margin: The Form of the Sixth Argument.]



[XVIII.] "If the Fixed stars be moved by the diurnal motion, it is necessary that the same Fixed stars at some time describe the greatest circles, and be the swiftest; but at some [other] time [describe] lesser and least [circles], or even none, and so turn out less or least swift, or even not move at all. But this is an inconvenience. Therefore the Fixed stars are not moved by the diurnal motion: it remains, therefore, that such a motion be the Earth's."


[Margin: First Response.]



I answer, first, the Major being conceded—if to the diurnal motion of the Fixed stars [there] be conceded a proper [motion] in longitude—but by denying the Minor: for that is no more an inconvenience than [that] the Planets at different times vary either their declinations or their latitudes, and are now swifter, now slower. Or—to draw an example from Copernicus's own store—this is no more an inconvenience than, in Copernicus's hypothesis, [that] men, fishes, [and] birds, who daily, by walking, swimming, [and] flying straight or obliquely from South toward North, or in turn from North toward South, vary [their] declination and the parallels of the Equator, [and] are moved now more slowly, now more swiftly, with the Earth on which they rest, or whose diurnal motion they follow; nay, that those who dwell under the poles of the terrestrial Equator are moved nothing, or almost nothing, by this motion. And yet a variation of this kind is far more frequent, and involved in very many perplexities of animal motions, and—what is the chief [point]—feigned against all the evidence of the senses; whereas, on the contrary, that variation in the Fixed stars as to declination and velocity is confirmed by the evident experiment of observations through many centuries, and from it follow many [things] most worthy to be known, and theorems and problems leading us by the hand to the Glory of God the Creator—some of which, new and hitherto unheard, we brought forth (bk. 6, ch. 11). But especially (ch. 19), where (Problem 5) we taught the conditions required that some star may be able to arrive at the poles of the world; and that [the star] which we now call the Pole star never was, nor will be, exactly at the very Pole of the World. And (Problems 10 and 11) that there are some Fixed stars, of which—the Longitude increasing—nevertheless the Right Ascension in some centuries or times increases, in some decreases, by a certain retrograde motion of declination; and that 94 such stars are found in the heaven out of those which have hitherto been numbered by the naked eye: teaching, besides, the way of discerning geometrically the position of these stars, and of determining the times in which their Right Ascension ought to increase, and in which to decrease. And if Galileo had known this, what a specious inconvenience would he have brought forth against the hypothesis of the diurnal motion of the Fixed stars!


[…continues on p. 326 (PDF 361) with the catchword "Respon-": "Respon[deo]"—Riccioli's Second Response to the Sixth Argument, and the remaining arguments of Chapter VI.]
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[Margin: Second Response.]



I answer, secondly, by retorting the argument—and not absolutely, but ad hominem, as is wont to be said—rejecting the aforesaid inconvenience back upon the Copernican hypothesis in this way: "If the Earth were moved by the diurnal motion, it would be necessary that very many living things, following the common motion of the Earth, should most frequently vary their declination and velocity in this motion. But this, by your own [account], is an inconvenience. Therefore." The Major has now been shown, on account of the change of the parallels through which the living things pass. Moreover, it would be necessary that the axis of the Earth nod and librate hither and thither with so great an inequality and anomaly, that the appearance of the declination of the Fixed stars might be saved through it; but this inconstancy is no less an inconvenience than the variation of declination in the Fixed stars: therefore neither on this account is the diurnal motion to be attributed to the Earth.

Seventh Argument, from the Inequality of the Natural Days, arising from the Inequality of the Diurnal Motions


[Margin: Kepler's acute but weak argument.]



[XIX.] Kepler sharpened a more subtle argument (in the Epitome of Copernican Astronomy, p. 108), which I once indicated (bk. 3, ch. 32, nn. 2 and 3); in which it is supposed—as in reality it appears—that the individual diurnal motions are indeed equal among themselves and in their parts, to sense, but, compared with other diurnal [motions], are unequal, and slower indeed when the Sun is in [its] Apogee, but swifter when in [its] Perigee. These [things] being supposed, Kepler discourses thus: "If, the Sole Earth being excepted, all the rest of the machine of the World sustained its own motion, no cause could be feigned why the laws of this inequality—adjusted to the motion of the single Solar sphere alone—should redound upon the whole machine. But if, the machine of the world resting, the earth is rotated, the cause of this inequality is easily rendered, from the change of the interval between the Sun and the Earth in the same proportion, since the Sun is the minister and helper of all motion." And he indicates the same cause (p. 550 of the same Epitome). But we deny that no cause of the aforesaid effect can be rendered: for the cause is, that the Solar days are the measure commonly used in numbering the motions of the other Planets, and therefore their inequality redounds upon the motions of the others. But if the cause of the aforesaid inequality is the change of the interval or distance between the Sun and the Earth, it makes no difference as to this, whether the Earth itself be moved by approaching and receding toward the Sun (even if it be said to be incited by the Sun—magnetically, or by a force diffused through light—when it is nearer, and not so incited when it is farther); or whether the Sun approach and recede toward the Earth, and in approaching be objectively allured by the Earth, in whose gravity it is moved, so that it is then somewhat swifter, but in receding is not so allured.


Chapter VII, The Three Remaining Arguments for the Diurnal Motion of the Earth are proposed and dissolved

First Argument, from Comets


[Margin: Seneca's ambiguity about the diurnal motion of Comets.]



[I.] Seneca once doubted (bk. 7 of the Natural [Questions], ch. 2) whether the Comets are snatched by the diurnal conversion of the heaven, and yet are not dissolved; or rather whether they are not dissipated so quickly for this reason, that not the heaven but the Earth is revolved by the diurnal whirling. Let us repeat thence his [own] words: "It will be profitable to inquire whether the Comets are of that condition of which the higher [bodies] are: for they seem to have certain [things] in common with them—risings and settings; also [their] very appearance, although they are scattered and go forth farther; for they are equally fiery and shining. And so, if all the heavenly bodies are earthy, then for these [comets] too the same lot will be. But if they are nothing else than pure fire, and remain for six months, and the conversion and velocity of the world does not dissolve them—they too can consist of thin matter, nor on that account be shaken apart by the assiduous wheeling-round of the heaven. To that [purpose] also it will pertain to have examined this, that we may know whether the world goes round, the earth standing still, or whether, the world standing still, the earth turns. For there have been those who said that it is we whom the nature of things carries [along], unknowing; and that the risings and settings come about not by the motion of the heaven, but [that] we ourselves rise and set. The matter is worthy of contemplation, that we may know in what state of things we are: whether we have been allotted the laziest, or the swiftest seat; whether God moves all things around us, or [moves] us." Thus that noble Philosopher.


[Margin: Copernicus's opinion on the diurnal motion of Comets.]



But it was once held by Aristotle and the rest of the Peripatetics that the diurnal motion of Comets is attributed to the conversion of the fire, or of the supreme region of the air, snatched toward the West by the heaven. On the contrary, Copernicus (bk. 1, ch. 8) ascribes the apparent motion of those [comets]—by which they seem after 24 hours to be revolved back to nearly the same place—to the Earth; by whose whirling, however, he denies that that air is snatched in which the Comets are generated: for let us repeat his words too: "In turn, with no unlike wonder, they say that the supreme region of the air follows the celestial motion"—namely the Peripatetics—"which those sudden heavenly bodies (Comets, I say, and [those] called by the Greeks Pogoniae [bearded stars]) indicate: to whose generation they assign this very place, [the comets] which, like the other heavenly bodies too, rise and set." Thus far from the opinion of others; presently he subjoins from his own: "We can say that, on account of the great distance from the earth, that part of the air is destitute of [exempt from] that terrestrial motion. Accordingly the air will appear tranquil which is nearest the earth, and the [things] suspended in it; unless they be agitated to and fro (as happens) by wind or by some other impetus."


[Margin: Gassendi's opinion on the diurnal motion of Comets, before he had hearkened to the sacred decrees.]



[II.] Hence, therefore, Gassendi hammered out an argument for the diurnal whirling of the Earth (Epistle 2 On motion impressed by a translated mover), reckoning it far more probable that Comets have no other motion than their own proper and wandering one; but [that] the diurnal [motion] which appears in them is from the conversion of the earth. For he discourses thus there (p. 110): "I note meanwhile, concerning the Comets, that—since, besides their proper trajectories (which are now toward the north, now toward the south, now elsewhere), they appear also to be borne by the diurnal conversion from east to west—what could be thought more likely than that they are moved by a single motion, that is, by their proper trajectory; but that that circumduction toward the west is merely apparent, [arising] from the diurnal conversion of the Earth toward the east? For this conversion is of such a kind that whatever is, or is born, or passes, upward or beyond the Earth and through the mundane spaces, it [the conversion] feigns to it (as it also appears) a conversion toward the West." The whole argument of Gassendi, therefore, consists in a likelihood—greater, as he himself judges—and so it can be gathered into form.


[Margin: The argument reduced into form.]



[III.] "If the Comets have in reality no other motion than their proper trajectory, the diurnal motion which besides appears in them is to be attributed to the Earth. But it is more likely that the Comets have in reality no other motion than their proper trajectory: therefore the diurnal motion which besides appears in them is to be attributed to the Earth." The Major is proved, because that diurnal motion can no longer be attributed to the conversion of the fire or of the air, since the heavens of the Planets are not solid, and accordingly the sphere of fire, much less of air, cannot be snatched round in an orbit by the concave of the Moon. The Minor is proved, because there is no small difficulty in assigning the cause of so wandering a trajectory; therefore we ought not to increase it by adding another real motion, which would render the agitation of the Comets more entangled, and of more uncertain cause.


[Margin: Response to the First Argument.]



It is answered, however, the Major being granted, by denying the Minor, and the validity of its proof. For that is not more likely which is against the physical evidence acquired through the senses—of which kind is the diurnal motion of the Comets, equally as [that] of the other heavenly bodies; and the cause which moves the Comets by [their] trajectory-motion can at the same time move [them] by the diurnal motion—especially since most probably there is some Intelligence [moving them], as I taught (bk. 8, sect. 1, ch. 6, num. 12). As, therefore, we do not take away the diurnal motion from the Planets—although they have a proper [motion] in longitude, latitude, and altitude so various and anomalous—because the Intelligences lead them round toward the West along a spiral line: so neither ought we to take it away from the Comets; for all [things], as to this, appear in the Comets similarly as in the other stars, as we saw just before rightly asserted by Seneca; nor do I see why a greater argument for the motion of the Earth ought to be taken from the Comets than from the Planets. For the greater difficulty in determining the moving cause of the Comets arises not from the diurnal motion toward the West, but from the admirable variety of their proper trajectory—whatever cause be assigned to it, that [cause]
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—that [cause] itself will be able much more easily to move them [the comets] also by the common, or diurnal, motion.

Second Argument, from the Breeze [blowing] within the Tropics by perpetual gusts toward the West


[Margin: The Torrid Zone — by what causes habitable?]



[IV.] It has been handed down by the ship-masters, as the Dutch and Ramusio relate in the history of the navigations, but far more eloquently our Joseph [José de] Acosta (bk. 2 On the nature of the new world, ch. 10, and from 13 to 16), that the Torrid Zone is very habitable—not only on account of the vast abundance of sea-waters, which do not so reflect the rays of the Sun as does the Earth from its fields, valleys, [and] hills, nor only on account of the shortness of the summer days and winter nights, but also (God so sweetly providing) on account of the frequency of vapors and summer showers, and especially on account of the singular benefit of a most gentle breeze, whose coolness has so great a sweetness that not incongruously some—with Juan Luis Vives (on bk. 13 of The City of God, ch. 21)—have placed the terrestrial Paradise, or the land of Eden, under the Equinoctial. But I shall here note the choicer [points], that the force of the proposed argument and its solution may shine forth more. And so (ch. 13) Father Acosta narrates that, in those regions within the Torrid [Zone] which are blown through by a sea-wind rather than a land-[wind], there is in a manner a perpetual spring, especially in the Peruvian sea: "In which we remember [that] we were cold when first we sailed [it], and that at the time when the Sun lay most directly [overhead]—that is, near the Equinoctial, in the month of March," says the same Author; who nevertheless confesses that in the plains of greater Ethiopia, of Brazil, of Paititi, and of Paraguay the winds are so sultry that you would think [them] kindled furnaces; and that certain seas too within the Tropics are heavy with heat—namely the Ormuz [sea], the Mozambique, the Brazilian, and the Panama [sea]; but that in the same Climate many other seas are of a most temperate breeze.


[Margin: The variety of the winds within the Tropics, and [their] admirable effects.]



Therefore, from the abundance and variety of these winds, he renders the reason of certain admirable effects in that tract of the world: why the summer and midday Sun, though [it shine], is better warded off there by the lightest shade—say a mat or straw—than in Spain by brick roofs; nor are the summer nights there hot; and in the province of Collao there is cold even under a thin shade, although for those dwelling in the nearby Sun there is intolerable heat; but the Peruvian region, although full of sand and gravel, is nevertheless wonderfully temperate; again, the city of La Plata is most temperate and most sweet, and most fruitful; but on the contrary Potosí, although it too is mountainous, and in the same climate, distant by a very short interval, is nevertheless squalid, very cold, and sterile. "Therefore all these varieties the winds chiefly make by nature," says Father Joseph: "for where the supply of the gentler breeze is withdrawn, the Sun's heat is so great that it burns amid the snows; where it is restored, all the heat easily abates; but where this cold wind is familiar and as it were a [household] tenant, it in no way allows the earthy exhalations, as from burnt matter, to be gathered—which one cause in Europe makes the summer nights almost more oppressive than the days themselves, because the earth, scorched by the Sun's force, gives back blasts thick and smoky, and as if proceeding from a furnace." He adds that in Europe the most pleasant time through the summer is the morning, and the most oppressive the afternoon; but on the contrary in the Torrid Zone, especially in the Windward Islands [Barlovento], from early morning until about the tenth hour the chief heat is felt, sometimes to [the point of] sweat; then about midday and afterward, the sea breathing [a breeze], the rest of the day is passed pleasantly; and toward midday the Euroaquilo [NNE wind], there called the Brisa, cools the sailors and inhabitants.


[Margin: José de Acosta's encomium [of his homeland] on the temperateness of the Torrid Zone.]



[V.] Acosta proceeds (ch. 14), concerning the temperateness of the air repeatedly found within the Torrid [Zone], and concludes: "To me, gazing upon this benignity—as it were of a perpetual spring—since neither does winter press with cold, nor summer scorch with heats (so much so that by a small turf [shelter] all injuries are sufficiently warded off, and there is scarcely need of a change of garments)—it has surely often come into my mind that, if men were freed from the bonds of cupidity and of depraved opinions, they would easily have lived here a pleasant and blessed life. For what the Poets [feign or tell] of the Elysian [fields], what of Tempe, what Plato feigns or narrates of his Atlantis—that, surely, they would have found in these regions, if they had resolved to rule by an honest liberty rather than to be slaves to money." Then (ch. 15) he runs out into the causes of the winds, which, although he touches [them] from the teachings of Peripatetic philosophy, yet the chief [cause] he refers to God; who, as [in] Psalm 134 [135], "brings forth the winds out of his treasuries"—so that most truly the Truth [Christ] said (John 3): "Thou hearest its voice"—that is, of the wind and the breath [spirit]—"and knowest not whence it comes, or whither it goes." For it is difficult to explain why, along the whole maritime coast of Peru, through very long spaces, one wind only blows; and [why] the same South wind, which with them is most pleasant on this side of the Equator, presently, the Equator being crossed, becomes heavy and murky; why the North wind there gathers the clouds and presses them out into rains, and is held [to be] drowsy-making; why the Windward Islands are cooled by perpetual North winds, bringing copious rains, and there scarcely an approach lies open to the South or Southwest wind; why the Brazilian region before the promontory of St. Augustine is perpetually infested by land winds, while the Peruvian, in the same climate, is always blown through by sea winds, [and] most pleasant. This he notes at the end of the chapter—what can be the cause of these varieties: namely, that the Torrid Zone is either full of very high mountains, or for the greatest part interfused or surrounded by the Ocean, whence the winds [are] coolish and more subtle.

[VI.] Finally (ch. 16), from the narration of nautical observation, he affirms that within the Tropics, here and there—especially on the high Ocean—the winds blowing from the East and North perpetually prevail, but [those] from the West and South are rare and almost none; from which he rightly, and no less elegantly, concludes [that] this is the cause of so different a navigation:


[Margin: The voyages to the Indies and from the Indies.]



"For not," says Acosta, "as the way from Thebes to Athens, and from Athens to Thebes, is the same, [is it] so from Spain to the Indies, and from the Indies to Spain. But the arrival [outbound voyage] is indeed downhill—and, that I may play poetically, [it is] an easy descent to the Indies; but to recall [one's] step, and to escape back to the old world, is no easy labor." The cause, he says, is that the fleets from Spain to the West Indies use perpetual and nearly always-favorable Euro-Aquilo [NNE] winds; but returning thence they have the same [winds] adverse, which, to flee, they sail out to the degrees of a higher heaven [latitude] beyond the Tropics, that by returning they may obtain favorable South or South-West winds—but by a longer course than before. For the customary route to the West Indies and New Spain from the Fortunate Islands [Canaries] is nearly straight; but the return is from New Carthage [Cartagena], through Havana the port of Cuba, and thence to the sight of Florida, through the misfortunes [hazards] of Bermuda, [to] Terceira, and by [the way past] the holy promontory of St. Vincent. So from New Spain and Peru, through the Pacific sea, to the Solomon Islands the journey is easy, but the return difficult—unless beyond the Equinoctial and the Tropic of Cancer, toward the shores of New Spain, the West wind be sought, or, the Tropic of Capricorn being passed, you bend toward the region of Chile. From Mexico likewise to China and the Philippine Islands the navigation is short and expeditious, but the re-navigation [return] tedious and arduous.


[Margin: Robert Dudley's assertion about the winds within the Tropics.]



He confesses, however, that this general law has its exceptions somewhere; for in the maritime region of the Southern Ocean, although situated within the Tropics, the South wind predominates nearly the whole year. Nor does Robert Dudley, Duke of Northumberland, [hold] otherwise, in his Maritime Secrets [Arcana del Mare], lately published in Italian; for he (bk. 2, ch. 20) [holds] that the winds within the Tropics are fixed—that is, perpetual—from the East, both from Africa toward the Americas, and from the Americas toward the Moluccas and Philippines, as [also] from here toward Africa; and that they are wont to blow with a uniform tenor, and are healthful: so much so that, in the return from the East Indies toward the island of St. Helena, the return is nearly twice shorter than the navigation thence to those Indies was. [And] finally, that it is a sure rule, that those who navigate according to [in the direction of] the diurnal motion mostly enjoy favorable, healthful, and serene winds, etc. Which [things] have perhaps been narrated more at length [than needed], but [so] that, from the very narration of so religious and experienced a man as we know Acosta to have been, the fiction of Galileo and Gassendi may at once fall.


[Margin: Galileo's opinion on the motion of the air apparent toward the West.]



[VII.] For indeed Galileo (Dialogue 4 On the System of the World, Latin p. 327), when he saw it to follow that within the Tropics and on the open plains of the Ocean—where there is a smaller supply of thicker vapors—the air would not so obey the snatching of the terrestrial whirling, and therefore, by resisting it [the earth] revolved toward the East, would make a perpetual wind toward the West, or the appearance of a wind, which would be more perceptible where the whirling of the terrestrial globe is swifter, namely near the Equator: [Galileo] does not hesitate, from the perpetual winds which navigators experience within the Tropics from the Mexican port through the Pacific to the East Indies, etc., to confirm the diurnal motion of the Earth; to which experiment Sagredo there subscribes, affirming that in the Medi-
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—in the Mediterranean too—unless accidental and transverse winds stand in the way—the re-navigation from Syria into Italy is quicker than from here into Syria, and indeed nearly fourfold; which, however, Salviati not undeservedly refers back also to the waters running toward the Strait of Hercules [Gibraltar]—granted that in the Sicilian Strait the water runs along one shore to the East, and along the other to the West.


[Margin: Gassendi's corroboration for the same motion.]



But Gassendi too (Epistle 2 On impressed motion, p. 92), having asserted that the air near the earth is snatched by the diurnal rolling of the Earth, nevertheless added that it [the air], on account of its fluidity, is not so compliant with the earth but that it is somewhat retarded toward the western parts: "They say this is plain," he says in the same place, "—not so much in the valleys, within which the air is on this side and that confined, and is not free, as in the plains and open fields, where the little breezes are observed, whenever calm prevails, to be turned toward the West; but it is plain most of all on the sea, and especially under the Equator itself, where the sails of the ships are with one tenor and uniformly filled from the East; and therefore the sailors experience that they measure out the same journey both far more easily, and in a shorter time, toward the West than toward the East." Hence, therefore, Galileo and Gassendi confirm the whirling of the Earth, because, that being asserted, the cause of that perpetual and even wind within the Tropics is readier: from which [premises] one may thus argue.


[Margin: The Second Argument in Form.]



[VIII.] "If a perpetual and uniform Wind blew toward the West within the Tropics, it would be a very probable indication of the diurnal revolution by which the Earth would be turned toward the East. But it is established by experiment that a Wind of this kind blows within the Tropics: therefore it is an indication of the diurnal revolution by which the Earth is turned toward the East." The Minor now seems proved from the historical credit of the ship-masters; the Major too is sufficiently confirmed by Galileo and Gassendi, for no other more likely cause can be brought [to say] why such a wind is felt perpetually within the Tropics rather [than elsewhere], and toward the West rather [than another direction], except that the air, in that open tract least entangled with watery and earthy vapors, neither moves of itself to the motion of the earth and water (since it is not of their nature), nor is it at all snatched by their whirling toward the East—because, on account of its thinness and flux, it is unfit to conceive so great an impetus, and therefore, by not following—or deserting—that motion, it behaves just as if it were moved toward the West.


[Margin: First Response.]



It is answered, first, by denying the Major: for it would not be a convertible sign of such a motion—granted that, such a motion of the Earth being posited, it could very probably be brought forward as at least a partial cause of such a wind, provided that it were perceptible universally within the Tropics, and in the neighboring Climates too, where the fields and seas are more widely spread out. For it is no more an indication of the Earth going toward the East than of the Sun, by [its] diurnal motion, together with the whole choir of stars, [going] toward the West, and leading round with it the vapors and exhalations [it has] raised—or successively raising others and others toward that region into which it is borne; or also [an indication] of the maritime waters, which it is agreed run toward the West, as of a cause concurring [in] the generation and motion of that breeze: since it is plain that all the waters of rivers, torrents, [and] channels draw with them some breeze and little wind to where they run down. And thus the ship-masters, as we saw from Dudley, refer the benefit of that wind, received, to the diurnal motion of the Sun. And indeed it is confessed among the Meteorologists that the winds are mostly and more strongly excited at the rising, or soon-to-rise, Sun, and these more often from the Eastern region than from the Western; and that on the broad plains of the Ocean they are on that account more even, because there is not there the inequality of mountains, valleys, woods, [and] cities, which is wont to furnish the matter of unequal winds—as Descartes briefly but clearly teaches (in his Meteors, ch. 4, marginal numbers 3, 4, 12, and 13).


[Margin: Second Response.]



I answer, secondly, by denying the Minor taken universally, or with those conditions which are required, that such a wind be the effect and indication of the terrestrial whirling: for neither in all—however widely-open—seas or fields within the Torrid [Zone] does a wind of this kind blow; nor, where it blows, [does it blow] directly from the eastern region, but mostly from a lateral region situated between the East-wind [Solanus] and the North-wind [Aquilo], or even between the East-wind and the South-wind; and the Euroaquilones [NNE winds] are more frequent; nor do they keep the same tenor the whole day, but are sensibly varied at the rising and the afternoon Sun, as we have already seen from the history of Father Acosta.

Third Argument, from the similitude of the Chemical Earth and the Magnetic Terrella. Where, in passing, [are treated] certain notable magnetic experiments made by means of a Terrella


[Margin: The Chemical Earth.]



[IX.] Jacob Lansberge, in the Apology for Philip Lansberge on the motion of the Earth (ch. 5), brings this as the eighth argument for him [Philip], and says: "The Physical Earth of the Chemists (which is not a magnet, as Fromondus thought in his Vesta) is moved from West to East; therefore the whole Earth too, of which it [the chemical earth] is the image." George Polacco answers (in his Anticopernicus, assertion 176) that this Hermetic Earth is to be left to the Paracelsians and the Fludd-ists, and that from its motion the motion of the whole Earth is not sufficiently argued. To me, however, it has not yet been permitted to see this experiment. But, granting it, we deny the consequence—[for] just as from the rectilinear motion of a clay ball, or of a clod of earth let down [downward], it is not permitted to infer the downward motion of the whole Earth: wherefore, this being dismissed, let us come to the argument drawn from the Magnetic Terrella.


[Margin: What the Terrella is.]



[X.] The Terrella—that is, the Magnetic [little-globe]—is nothing else than a little sphere fashioned on a lathe out of Magnet-stone [lodestone], or is a globose Magnet, [which is] thus wont to be formed by art, because this figure of all is the most apt for entering upon various magnetic experiments; as William Gilbert teaches (bk. 1 On the Magnet, ch. 3, and bk. 6, ch. 1), who hands down experiments of this kind (bk. 1, ch. 4; bk. 2, ch. 27; bk. 3, chh. 4, 7, 8, 9, 17; bk. 4, ch. 2; bk. 6, ch. 4); and Father Nicolò Cabeo (Magnetic Philosophy, bk. 1, chh. 5, 17, 18, 22, 24; and bk. 2, chh. 10, 11, 15; bk. 3, chh. 4, 12, 16, 17, 19, 21, 34, 37; and bk. 4, chh. 9, 11, 17, 36, 37, 39, 40, 41, 45). For in all these places experiments made by means of the Terrella are explained; from which we shall select three or four, that the reasoning of this argument may be made more manifest—the following diagram being premised, in which let there be the Meridian AZBN, and in it the South Pole of the World A, and the North [Pole] B; and the Zenith Z, and the Nadir N. Let there then be made, from


[Translator's note — engraved Terrella (magnetic-globe) diagram: an outer circle is the Meridian A·Z·B·N — A the world's South Pole (left), B the North Pole (right), Z the Zenith (top), N the Nadir (bottom). Within it sits the lodestone-globe Terrella, the sphere C (top)–b (right)–D (bottom)–a (left), with center P; its axis a–b is horizontal and C–D vertical (both dotted), crossing at P. Small magnetic needles (drawn as little crosses with arrowheads) are set at points around the Terrella to show their orientation in its field — K, M, I clustered at the left pole a; S at the right pole b; H and one at the foot near D; G at the lower right; E, F above. The Terrella is suspended by a thread along Z–C.]



—a Magnet as good as possible (say an Arabian one), a sphere as round as possible, CbDa, which henceforth shall be named the Terrella.


[Margin: The investigation of the poles of the Terrella.]



But since every Magnet has two faces, one austral [southern], the other boreal [northern], one must first investigate in this Terrella each of these faces, or its poles. But this is not done by suspending it from a thread ZC and noting which part, by its conversion, it turns to the South, and which to the North—as if the points a and b were to be held for the Poles of the Terrella: for, as Cabeo notes (bk. 5, ch. 5), thence it is only concluded that the austral pole of the Terrella is in the hemisphere CaD, and the boreal in CbD; and it can happen that the former be in F, or in G, but the latter in H, or in E—because the point C, from which the Terrella was suspended, is not distant a whole quadrant from its Poles, but less than a quadrant, say by 45 degrees.


[Margin: First Experiment.]



A surer way, therefore, is if little bits of finer iron wire, and scarcely longer than a barley-grain,


[…continues on p. 329 (PDF 364) with the catchword "grano": "…[scarcely longer than a barley-]grain, you bring [them] near to various points of the Terrella"—the rest of the magnetic experiments and Riccioli's reply to the Terrella-argument.]





(printed p. 329 — within Chapter VII, the third argument (magnetic Terrella). Continues the magnetic experiments, gives Gilbert's conclusion that the Earth as a great magnet has a natural power of circular motion, casts the argument in form, and answers it: the Earth is not a perfect magnet, the Terrella has no eastward whirling at all, and by retortion the Terrella's rest in its natural position rather proves the Earth's immobility — confirmed by the magnetic evidence of Cabeo and Zucchi.)
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—grain, you bring [them] near to various points of the Terrella: for where they shall have adhered most directly and to the perpendicular of the Terrella, know that there are its poles; but where they shall have touched the Terrella with equal balance and inclination on both sides, those points will be distant from the poles by a whole quadrant of a circle.


[Margin: Third Experiment.]



Another way, which Cabeo suggests in the same chapter 5, is of this kind. Apply a versorium—that is, a magnetic needle—on a pivot turnable over the Terrella, to different parts of the Terrella's surface, until at some [point] it obtains the most exact equilibrium, as at C—that is, [so that] it inclines to the Terrella no more by its point than by its little cross [tail], but makes equal angles on both sides with its periphery. By the same artifice inquire several other points, say R, P, D; for a circumference being drawn through them, you will have the Equator of the Terrella, which namely is equally distant from either Pole; wherefore, one leg of a compass being fixed in any one point of the circle CRPD, you will be able, with the other curved leg of the compass, to describe some meridian of the Terrella, say aCbD; for in it the points a and b, [being] at a quadrant's distance from the designated Equator, will be the Poles of the Terrella. But then, if from C, a point of the Equator, you suspend the Terrella by a thread least twisted, it will so turn itself to the poles of the World that, with its boreal pole b, it will look toward the Boreal pole B of the World; but with its austral pole a, it will face the Austral Pole A of the World; and the axis of the magnetic direction will be ba—the declination from the Meridian, however, being kept (as to the Meridian's position) which the place in which you dwell requires, and which the magnetic needles otherwise keep. And so, if the experiment be made at Bologna, the axis ba of the Terrella will decline toward the East 3½ degrees; but elsewhere otherwise, according to what was said (bk. 2, ch. 18). But, versoria or needles being applied to other points, say to E, F, G, H, you will see them incline more, by point or by little cross, toward the Terrella, as the magnetic face and poles of the Terrella require; and at I and K the points will converge toward the pole a, but the little crosses, turning away from each other, will diverge.


[Margin: Fourth Experiment.]



But what most makes for our purpose: if you enclose the Terrella in a wooden box or in a cork net[-float], and place the box upon the water of an ample vessel, so that it can float on the surface and freely turn itself; and you close the room or chamber so that no wind can enter, and the iron tools be far off: you will see, not so long after, the Terrella at last settle itself, by its [own] conversion, in a position congruous to itself, so that with its pole b it looks toward the Boreal pole B, and with its pole a toward the Austral pole A, and there rest—the axis ab being elevated toward the pole visible to you, as much as nearly the altitude of your pole requires; but if you dwelt under the Equator, that axis would be equidistant from the horizontal plane AB.


[Margin: The argument in form.]



Hence, therefore, Gilbert (bk. 6 On the Magnet, ch. 4) concludes that, just as the Terrella has a natural faculty for circular motion about its center, by which in the horizontal plane it turns with its poles to the poles of the World: so the whole earth—which in the same book he contends to be a great Magnet—has a natural power for circular motion about its center, so much so that if it were dragged from its position, and its boreal pole twisted elsewhere by some force, it would itself run back to its pristine position, by a natural whirling. He adds (ch. 6) that all terrestrial things, although separated from the earth, are nevertheless drawn by it into a gyre [rotation] through the magnetic effluvia—just as he thinks that the parts of each primary globe (say the Sun, Moon, and the other Planets) would have to be drawn [back] by them, if they were separated from them. These [things] being posited, he seems to argue in this form: "The whole Earth is disposed, as to the motion of whirling about its center, just as the Terrella [is disposed] toward the motion of whirling about its center. But the Terrella is moved circularly about its center; therefore the Earth too about its center; therefore also by a diurnal motion."


[Margin: First Response.]



Someone might answer by denying the Major, on the ground that the Earth is not (as Gilbert contends, bk. 6 and elsewhere) a great magnet, or of the same lowest species as the magnet; for that our Cabeo excellently refuted (bk. 1 of the Magnetic Philosophy, ch. 19) with many arguments indeed, but especially by this: that if the Earth were a perfect magnet, it would snatch iron to itself from a far greater distance, in proportion to its mass, than the tiny magnetic Terrella snatches a needle. But let us grant the Major meanwhile. It is answered, however, first, the Major being granted, by distinguishing the Minor and the first Consequent; and by conceding the Minor and the Consequence if the Terrella and the Earth be moved from their position, [but] denying [it] if they remain in their natural position, which the axis requires; but [also] by denying the second Consequence: for more is inferred than can be inferred from the premised propositions; for neither does the Terrella have any whirling upon its poles toward the East, even if it be suspended upon its poles in the Meridian—whatever Petrus Peregrinus may have feigned, whom Gilbert himself (bk. 6, ch. 4), not to say Cabeo (bk. 3, ch. 4), reject, as we shall presently see. Nor could it be proved to Father Athanasius Kircher, nor to Father Nicolò Zucchi, most learned writers on the Magnet—since rather they confirm the immobility of the Earth from the magnetism of the Earth.


[Margin: Second Response.]



It is answered, therefore, secondly, by retorting the argument: "The whole Earth is disposed, as to motion and rest, just as the Terrella; but the Terrella, so long as it is in its natural position, is not moved; and when it is in an unnatural position, it is not moved toward the East about its axis, but by another, axis-turning, motion toward the poles of the world: therefore the whole Earth too, so long as it is in its natural position, is not moved; and if it were in an unnatural position, it would not be moved toward the East, but by another motion, etc." Now it is established, from the tradition of all the centuries in which observations of the polar altitudes have been had, that the Earth has been in its natural position, and has always, with the axis of its Equator, looked directly toward the poles of the world: therefore the Earth has always rested immobile, as it now rests.


[Margin: The arguments of Nicolò Cabeo and Zucchi for the magnetic power of the Earth.]



The Major is now assumed by Gilbert, and is urged by certain experiments (bk. 1, last chapter)—namely, that the Earth has a magnetic power, by force of which it directs itself toward the poles of the World, or keeps that direction once acquired from the beginning of the world; and it is further proved by Cabeo (bk. 1 of the Magnetic Philosophy, chh. 17 and 18) and by Father Nicolò Zucchi (in the new Philosophy of Machines, part 5, sect. 3): because it has been observed that the veins of the earth and of stones, which after floods are seen in the sides of mountains, run parallel to the axis of the world—which Kepler testifies was observed in Germany too—and to the sense fall upon the horizon at as great an angle as is the altitude of the pole; then, the Earth communicates magnetic power to iron tools, as Gilbert tries to show (bk. 2, ch. 12), but Cabeo shows [it] by firmer experiments (bk. 1, ch. 17). But no one gives what he does not have; therefore the Earth has a magnetic power, which it communicates to iron tools—so much so that the little bars of iron lattices [window-grilles], extracted from very old windows, draw, by their upper part, the Northern point of the versorium, and by their lower part the Southern little-cross [tail], in our regions, where the Northern pole is elevated; and they draw [it] from a distance of four ells and more, which no magnet, however strong, can do. Again, if you bring a dagger or sword, grasped by the hilt, perpendicularly to the horizon, near to a versorium or magnetic needle, the part which overhangs the needle draws the Southern part of the needle; and if you bring the same sword to it from below, beneath the needle, by a perpendicular ascent, the tip of the sword draws the Northern part of the needle. Then (ch. 18) he teaches that this magnetic power has been given to the whole terrestrial globe, so that it conserves itself in its position toward the poles of the world, nor can it, by the force of winds or by a change of the center of gravity, be moved about its center. From which also the immobility of the Earth is confirmed.


[Margin: Petrus Peregrinus's fiction about a Terrella's diurnal whirling.]



[XI.] But since Petrus Peregrinus, as Gilbert relates (bk. 6, ch. 4), constantly affirms that a Terrella suspended upon its poles in the Meridian is moved circularly by a complete revolution of 24 hours, let us hear what those most experienced in magnetic matters judge of this: and first indeed Gilbert, in the same place, subjoins: "Which, however, it has not yet befallen us to see; about which motion we also doubt, on account of the weight of the stone itself; and also because the whole earth, as it is moved by itself, so also is helped along by the other stars—which does not happen proportionally in any part [of it], as in the Terrella. The primary earth is moved by its own form, and by a natural desire, toward the conservation, perfection, and adornment of its parts."


[Margin: Cabeo's doctrine on the motion of the Terrella and Magnet.]



But Cabeo (bk. 3, ch. 4) teaches that the magnet, and accordingly the Terrella, has no power of directing itself toward other regions than the polar [ones], nor has any eastern or western face—either a posteriori or a priori. A posteriori indeed, because if you place a magnetic globe most exquisitely round upon its poles (as found above), so that it can most easily be turned, and set its axis parallel to the axis of the earth; or insert it in two circles in nearly that manner in which the nautical compass [box] is wont to be enclosed in brazen circles, so that at any motion of the ship the compass is equidistant from its plane of the horizon; and [if] you place it, thus inserted, magnetically—that is, by direct-


[…continues on p. 330 (PDF 365) with the catchword "do": "…by direct[ing]"—the rest of Cabeo's refutation of a self-whirling Terrella.]





(printed p. 330 — closes Chapter VII and opens Chapter VIII. Finishes Cabeo's proof that the magnet looks to the Earth's poles, with the magnetic-dip experiments, and adds Kircher's and Zucchi's judgments that no magnetic experiment proves the diurnal rotation; Galileo's tides argument is deferred to a separate chapter. Chapter VIII then opens, setting out the order of examination in four heads, and begins the First Argument, from the greater nobility of the Sun than of the Earth (the Pythagorean central fire).)
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—[by direct]ing its axis to the poles of the Earth, and parallel to the axis of the Earth, it will never be moved toward another region of the heaven, except in so far as the magnetic declination in that place requires—which is a sign that the Terrella does not look to, nor love, anything but the polar points. But a priori [it is shown] because the Magnet, properly speaking, does not look to the heaven or the points of the heaven; nor, as Marsilio Ficino thought, to the Lesser Bear; nor to other stars, as Paracelsus [held]; nor to the rising of the star in the tail of the Greater Bear, as Gauricus and Cardano [held]; nor to the Pole of the Zodiac, as Bessard the Frenchman [held]; nor to a point near the pole of the world, as the Conimbricenses and Martín Cortés [held]; but [it looks] to the poles of the Earth—as Robert Norman, a most experienced sailor and ingenious craftsman, first observed; which Cabeo too (bk. 1, ch. 15), Zucchi (in the place cited above), and Athanasius Kircher (bk. 1 of his Magnet) confirm by experiments.

For if you suspend a most slender strip of steel, very straight, eight or ten fingers in length, and perforated in the middle, by an untwisted silken thread, and you excite it magnetically—that is, [if] with one face of the magnet you touch one head [end] of the strip, and with the other [face] the other [end]—you will see that the part which is turned toward the Northern hemisphere (if you dwell in some Northern Climate) is not raised upward, so as to look to the Boreal pole, or [to raise] any part


[Margin: The Magnet does not look to Heaven, but to the poles of the Earth.]



near to this pole; but [you will see it] depressed downward toward the earth, and the more so the higher the pole is in that climate; and the other head raised, so that it falls crosswise upon the axis of the world. And lest you think this comes from a less-than-exact balance, destroy the magnetic power by a contrary touch—that is, that head of the strip which you had touched with the austral [southern] face, touch [now] with the boreal face, etc.—and you will see that head, which before was depressed, raised, and the other, which was raised, depressed. By another experiment (from bk. 5 of Gilbert, ch. 9, and Cabeo bk. 3, ch. 4) this is confirmed: namely, if you set a straight iron wire, passed equally through a little cork sphere on both sides, upon still water—and [water] safe from every breeze, so that it descends beneath the surface of the water, yet not to the bottom, and can turn itself freely; but before you let the wire into the water, its heads must be rubbed with a magnet: these things done, you will discern the wire declining toward the earth, below the plane of the horizon, by its boreal head, and indeed by nearly as much as is the altitude of the Pole in that place. Again, magnetic needles brought near to a Terrella direct themselves to the poles of the Terrella; therefore they do not regard the poles of the world or the stars. Lastly, behold the instrument which—invented by Gilbert (bk. 5)—Cabeo perfected (bk. 1, ch. 20), and Kircher reported (bk. 1 of the Magnet): for by it is taught a way of so suspending a very long magnetic needle in the most exact equilibrium that, inside a vessel covered with a glass hemisphere, one may observe its motion, and by how many degrees—marked on the semicircle of the little basin or lower hemisphere—it descends below the horizon with its boreal point: granted that the measure of these inclinations, which Gilbert reckoned, does not answer to the observations entered upon by the experienced beyond the Equator, as Kircher testifies (in his Magnet, bk. 1, part 2) and Zucchi (part 5 of the Philosophy of Machines, sect. 8). Since these things are so, and it is sufficiently clear hence that magnetic bodies do not look to nor love the poles of the heaven of themselves and immediately, but rather the poles of the Earth—or [rather] the Earth itself so looks to the poles of the world that, since it is spherical and homogeneous, it has no part of itself which is absolutely eastern or western; since the same part—say the Roman land, which to the Mexicans is eastern, yet to the Goans is western (which cannot be said of the parts situated under the same Meridian, for some are absolutely boreal and on this side of the Equator)—it follows, says Cabeo (bk. 3, ch. 4), that the whole earth has no power of directing itself or moving toward other points of the heaven than toward the poles of the world.


[Margin: Athanasius Kircher's opinion on the Earth's motion impeded by Magnetism.]



[XII.] Moreover, Athanasius Kircher too (bk. 1 of his Magnet, part 2, from p. 53) teaches that circular motion is repugnant to the Earth more than rectilinear [motion is]—since gravity alone impedes the rectilinear motion upward or downward, but by magnetism [the Earth] is directed along the axis of the world, so much so that even if there were given a mountain as high as the diameter of the Earth, it could nevertheless not, by the wind's impelling, be moved from its position; and (bk. 2, part 5) [he says] that there is an intolerable itch of building up the Copernican motion, by force of which occasions for persuading it are begged from everywhere out of uncertain and slippery experiments.


[Margin: Zucchi's opinion on the magnetism of the Earth.]



But Father Nicolò Zucchi (in the new Philosophy of Machines, part 5, sect. 10) indeed disapproves the motion of the Earth, but nevertheless asserts that the magnetic power is not in the globe of the Earth so as to impede the diurnal whirling about its axis, because the direction of the axis to the poles of the world can stand, and yet that motion be carried through. Then he makes mention of a certain new experiment, undertaken by some observer of nature [I know not whom], by which it is proved that a Magnet turns and situates itself, according to its determined plane, in the Meridian of whatever region: if it be set up through its axis in a vertical line, so that one pole of the magnet—which is wont to be turned toward the North—be erected upward; for then certainly those parts of it are turned to the West which, with the same [pole] turned downward, always stood toward the East: of which thing he renders the reason there, and in section 6, from the refraction of the magnetic rays diffused from the poles of the Earth to the mass out of which the Magnet was formed—which refraction was then made in the plane of the stone congruent to the Earth's meridian, precisely along the up-and-down, and not of itself by the magnetic power. But consult the Author yourself. Meanwhile it is sufficiently clear that this motion itself is not made from West to East upon the axis of the Equator, at the very Equator of the Magnet. Wherefore by no magnetic experiments has the diurnal conversion of the earth as yet been proved.

[XIII.] Thus far concerning the arguments which seem able to be devised for the diurnal revolution of the Earth about its axis and center. For what Galileo inquired from the flux and reflux of the sea pertains not to the diurnal [motion] only, but to establishing other motions of the Earth at the same time, and therefore it will have to be examined below in a separate chapter.


Chapter VIII, Ten Arguments are proposed and dissolved for placing the Earth outside the center of the World by the Annual motion, [drawn] from various Conditions of the Earth and of the Planets not involving [its] motion


[Margin: The order of examining the Arguments for the annual motion of the Earth.]



[I.] All the arguments which, by a most subtle inquiry, have been devised by the Philolaic [school] and the Copernicans for removing the Earth—if it can be done—from the center of the universe, and for transferring it about that [center] through an annual orbit, seem able to be recalled to four general heads: namely, either to certain conditions of the Earth compared with the conditions of the Planets (not yet, however, involving motion); or to the motion itself of the Planets; or to other motions observed in the heaven; or finally to motions or changes observed in the sphere of the elements. This order, therefore, we ourselves too shall keep in weighing them.

First Argument, from the greater Nobility of the Sun than of the Earth


[Margin: The argument of Philolaus and Kepler.]



[II.] It seems not to be doubted that the center of the Universe is the most noble place in the world, inasmuch as it is equally distant on every side from the extremes, and holds the middle position. Hence it came about that certain Pythagoreans—as Aristotle relates (bk. 2 On the Heaven, texts 72 and 73)—placed in the middle of the Universe not the Earth but Fire, that they might ascribe to the most honorable of bodies the most honorable seat; which Fire they called the guard or prison of Jupiter [Zeus]. That the chief author of this opinion and argument was Philolaus, we have already learned from Plutarch (bk. 3 On the Opinions [of the Philosophers], chh. 11 and 13), and we have already reported his words in ch. 3 of this section, where also (from num. 3) we treated of Vesta, placed by the ancients in the center of the World as a terrestrial Fire: this Fire, however, the Copernicans assert to be the Sun—especially Kepler (bk. 4 of the Epitome of Copernican Astronomy, p. 444).


[…continues on p. 331 (PDF 366) with the catchword "444": "…[p.] 444. For thus the Pythagoreans were accustomed to conceal their dogmas under other terms, and by Fire to understand the Sun"—the rest of ¶II and Riccioli's reply to the First Argument.]





(printed p. 331 — within Chapter VIII. Completes the first argument (the Sun's nobility) with Aristotle's rebuttal of the Pythagorean central fire and Kepler's reply, casts it in form, and answers it: the Earth with its plants, animals, and especially men is the more excellent body. The Second Argument, from the center of the planetary system (Copernicus, Galileo's telescope, Rheticus, Kepler), is then proposed and cast in form, with Riccioli's First Response begun — the Sun is not the center of the whole system.)
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[p.] 444. For thus the Pythagoreans were accustomed to conceal their dogmas under other terms, and by Fire to understand the Sun, as the most excellent of all bodies, and to which the most fitting place ought [to be given] for guarding and preserving [it]; and this [place to be] the center of the Universe. But since Aristotle had tried to blunt this argument of the Pythagoreans, saying that the center of magnitude and [that] of the nature of a mundane body are not the same—just as in animals the principle of life, which is the heart, is not precisely in the middle of the animate body, if you regard the center of magnitude, but in another, more congruous, place; and that therefore one must seek from elsewhere which is the place fitter for that principle on which the chief operations of the universe depend, than [to seek it] from the center of the mass of the universe itself: Kepler says that there the case [reckoning] of animals is unlike, whose bodies are not round, and [that] of the World, which is spherical and needs no operation outside itself; wherefore there is no cause why its heart should not be in the center of the universe. He adds that Aristotle, while he seeks lowliness for the center, does not do rightly, since it is the principle of the likeness shadowing forth the mystery of the Trinity—for by the center is designated the First Person, the origin of the others. To this argument—poorest [as it is]—how many mysteries [are given] for clothing it! [The argument], constrained to the form of a syllogism, is such:


[Margin: First Argument, in form.]
[Margin: Response.]



[III.] "To the most excellent of mundane bodies the most excellent place is owed: But the Sun, and not the Earth, is the most excellent body of the world, and the most excellent place of the Universe is the center; therefore to the Sun, not to the Earth, is the center of the Universe owed." It is answered by conceding the Major concerning the most excellent place [taken] not from mere Geometrical excellence, but from a physical end and good—[namely] that such a body ought to receive from others, or to communicate to others: but in this sense the latter part of the minor proposition is conceded, with respect to the natural end of which here is the discourse; but the prior part is denied: for the Earth ought not to be taken nakedly as a mere single element out of the four (or three) elements, but together with the living plants and animals, but especially with men, for whose sake all the stars were made and are moved—God attesting this in Deuteronomy; and so taken, it is the most excellent body of all the bodies of the world, if we estimate the magnitude of [its] power and the dignity of [its] end (as is fitting) rather than the magnitude of [its] mass. But I said [this] speaking of the natural order and end; for if [we speak] of the supernatural, the center of the Earth is the lowest and most wretched place, and [the place] of the prison of Hell—which is now no longer the guard of Jupiter, nor of a saving Fire, but of a Fire destined for the eternal burning of the damned; but on the contrary the Empyrean—that is, the earth translated into heaven, or the Earth of the living—is the most excellent place.

Second Argument, from the Center of the Planetary System


[Margin: First reason of Copernicus for [the Sun as] the center of the planetary system.]



[IV.] That the Earth is not the center of the system of the Planets, but the Sun, the Copernicans have affirmed chiefly for two causes. The first Copernicus touched (bk. 1, ch. 5) in those words: "Since, if anyone deny that the earth holds the middle or center of the world, and yet not confess [that] the distance is so great as to be comparable to the sphere of the non-wandering [fixed] stars, but [that it is] notable and evident with respect to the orbs of the Sun and the other stars; and think on that account that the motion of those [planets] appears diverse, as though they were regulated to another center than is the center of the earth: he will perhaps be able to bring forward not an inept reason for the apparent diverse motion. For [the fact] that the wandering stars are seen now nearer the earth, and the same [stars] now farther [off], necessarily argues that the center of the earth is not the center of their circles. [Nor] is it even settled whether the earth nods toward them, or they toward the earth." Hence, therefore, Galileo (Dialogue 3 On the System of the World, Latin p. 241), to Simplicio asking whence it would be established that the Sun is in the center of the conversion [revolution] of the Planets, answers under the person of Salviati that this is made out by most evident and necessary observations, of which the first is that all the Planets are found now nearer the earth, now farther from it, by differences so enormous that Venus, most remote in her apogee, is found six times farther from us than when she is nearest and at perigee; and Mars, in apogee, has eight times a greater distance from the earth than [when] at perigee:


[Margin: Second reason of Copernicus.]



yet this argument does not hold of the Moon, because it is established from elsewhere that [she] cannot be separated from the earth as the center of her motion. [V.] The second reason the same Copernicus brought forward (bk. 1, ch. 10): namely, that the five lesser Planets perform their circuits about the Sun. Let us hear him, that from the fountain of this teaching we may draw more clearly. "Wherefore," he says, "I judge it by no means to be despised, what Martianus Capella—who wrote an Encyclopedia—and certain other Latins thoroughly knew. For they think that Venus and Mercury run around the Sun [as it] exists in the midst, etc." And a little after: "What else, then, do they wish to signify, than that the center of those orbs is around the Sun? So indeed the Mercurial orb, within the Venereal—which it is agreed is more than twice as great—will be enclosed, and will obtain, in that very [Venereal] amplitude, a place sufficient for itself. Hence, occasion being taken, if anyone refer Saturn too, and Jupiter and Mars, to that same center—provided he understand the magnitude of their orbs to be so great that it may contain and surround, together with them, the earth as well [remaining within]—he will not err, [as] the canonical reckoning of their motions declares." And he at once confirms this by saying: "For it is established that they are always nearer the earth around [their] evening rising—that is, when they are opposed to the Sun, with the earth mediating between them and the Sun—but most remote from the earth at the evening setting, when they are hidden around the Sun; namely, while we have the Sun between them and the earth. Which [things] sufficiently indicate that their center pertains rather to the Sun, and is the same as that to which Venus and Mercury also refer their revolutions." The very same reasoning Galileo pursues (Dialogue 3 On the System of the World, p. 241 likewise), and Kepler (bk. 4 of the Epitome of Copernican Astronomy, p. 536); but what Copernicus had assumed concerning Venus and Mercury from the mere authority of Capella and of certain Latins, [Galileo] himself affirms much more certainly by the experiment of the Telescope, by which it is now established that these Planets are thus illuminated by the Sun, like Moons going around it. By these conjectures, therefore, partly, [and] partly by sure observations, both these and the rest of the Copernicans—and most of all Rheticus in his First Narration, and Kepler in the introduction to the Commentaries on Mars, and in the Epitome of Astronomy (p. 450), who nevertheless (p. 449) had rightly warned that Copernicus's hypothesis is not disturbed if the center of the Universe be set [as] the Sun rather than the center of the great orb—try to persuade, and as it were to demonstrate, that the Sun is in the center of the world, and that on that account it was deservedly called by the Ancients the Sun chorēgon [χορηγόν]—that is, the Choragus [chorus-leader] of the Planets, and the moderator of Nature; and [that] those Poetic encomia of the Sun are no more Poetic than Physical. Now, therefore, [let us come] to the argument.


[Margin: Second Argument, in Form.]



[VI.] "That body ought to be in the center of the Universe which is the center of the System of the Planets; But the center of the Planetary System is not the Earth but the Sun: Therefore not the Earth but the Sun ought to be in the center of the Universe." The Major is not indeed proved by the Copernicans, but rather supposed, as [if] it were certain that the other Planets are moved about the center of the world, on the ground that the system of the Planets seems the chief part of the mundane system. The Minor has already been proved (nums. 4 and 5), from the notable variety of the distance of the lesser Planets from the Earth, and from the circuit of Venus and Mercury about the Sun—from which the same becomes very probable concerning the three remaining Planets.


[Margin: First Response.]



I answer by distinguishing the Major, and denying it if that body be not the center of the whole System of the Planets adequately taken, nor of the Fixed stars, nor of the new Phenomena [novae], nor of the elementary motions, and of the animals dwelling in them [the elements]: for all these, just as they are to be considered for the integrity of the Universe, so also for constituting its center—inasmuch as [the center] includes a relation to all, and not only to some great parts of the world. But if it [the body] be such, I concede the Major; yet in this sense I deny the Minor: for granted that, against Ptolemy, it be now certain that the Sun is the center about which Venus and Mercury revolve, and [that], according to Tycho, the Sun be the Choragus of the five lesser Planets describing their orbs about it; it is nevertheless not the center of the Lunar motion, nor of the motion of the Fixed [stars], nor of the new stars, nor of the Comets, nor of the Elementary motions: nay rather, according to our system—which can probably be maintained with the phenomena saved—it is the center of nothing but the circulations of Mercury, Venus, and Mars, as [being] its satellites; for the reasons indi[cated]


[…continues on p. 332 (PDF 367) with the catchword "tas": "…[indica]tas"—the reasons indicated [earlier], and the continuation of the First Response to the Second Argument.]
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[indica]ted in section 3, ch. 9. Nay, if we should wish to pursue all the scruples, not even in the hypothesis of Kepler and Bullialdus is the Sun the center of the Planetary orbit, since they establish that orbit to be not a circle but an Ellipse, and place the Sun not in the center of the Ellipse, but only in one of the navels [umbilici], or foci, of the Ellipse. But on this last subtlety we do not lean, because in every hypothesis of a Planetary orbit, on account of the Eccentricity—required for accounting for the anomaly—the center of it [each orbit] is distant from the center of the Universe, except the orbit of the Earth, whose center, according to the opinion of Copernicus, is in the very center of the Universe, and is distant from the Sun by as much as is the Eccentricity of the Solar orb in the hypothesis of the others.


[Margin: Second Response.]



I answer secondly, by retorting the argument thus: "That body ought to be set in the center of the Universe which is the center of the motion both of the non-wandering [fixed] and of the wandering stars, and both of the old and of the new phenomena, and both of the elementary or sub-celestial and of the celestial bodies. But a body of this kind is not the Sun but the Earth. Therefore not the Sun but the Earth ought to be set in the center of the Universe." The Major at all events contains a far greater probability than if the center of the Universe be referred to the circulations of some Planets only, all the other parts of the World being neglected. The Minor has no difficulty except as regards the Planets; for the Sun, not the Earth, seems to be the center of the Planetary system. But by this very fact, that the Earth is the center of the motion of the great Luminaries—namely the Moon and the Sun—it is also, through their mediation, the center of the other Planets, if they be set to be borne about the Sun, as Tycho holds. But in our system the difficulty is less; for the Sun is the center of nothing but Mercury, Venus, and Mars—for these are satellites of the Sun, and look to the same heaven—but the Earth is the center of the orbs of Jupiter and Saturn, and, through their mediation, of the Jovian and Saturnian satellites.

Third Argument, from the Source of Light and Heat


[Margin: Kepler's opinion on the source and place of light.]



[VII.] This argument seemed indeed splendid to Kepler (in the Optical Astronomy, ch. 1, p. 7), where, when he had brought forth many encomia of light—as of the most excellent thing among the visibles in the world, and the matrix [womb] of all the faculties of animals, and the bond of the corporeal and spiritual world (as he thinks), and therefore created by God on the very first day of the world—he added: "The Sun, therefore, is a certain body: in it [is] this faculty of communicating itself to all things, which we call light:


[Margin: The encomia of the Sun and [its] place, from Kepler.]



to which, even for this cause, the middle place in the whole world is owed, that it might equably and perpetually diffuse itself into the whole globe." But in the same place (ch. 6, from p. 221 to 226) he pours himself wholly out in praises of the Sun, and ascribes to it as great a density and abundance of matter as is in the whole ethereal aura, and yet so great a transparency that our eye may see its depth and center, and [its] soul or vital faculty, and many other things; but to our purpose he says that the office of the Sun in the world is, by the confession of all, what [the office] of the Heart [is] in an animal, and [that] the motions of the Planets are dispensed from the Sun, etc. Then (in the Epitome of Copernican Astronomy, bk. 4, p. 448) he says that if the whole world, which is spherical, needs the light and heat of the Sun equally, the Sun is best placed in the middle, whence, equally situated, it may be distributed into all regions of the world; and [that] this is done more equably and more rightly if it rest in the center of the World than if it go around the center; and—by receding from some and approaching to others—illumine and warm these more, those less: nor is the likeness of a lantern to be derided, in the middle of which we place the light. But quite new are the things which, to this purpose, he there subjoins, saying: "But concerning light a peculiar demonstration is woven, supposing fitness [elegance], not necessity. Imagine the sphere of the Fixed [stars] to be a concave mirror: it is known that an eye placed in the center of such a mirror beholds itself on every side; and if there be a light in the center, it is reflected back from the concave surface on every side at right angles, and the reflected [rays] meet again in the


[Margin: Kepler's symbol of the Most Holy Trinity.]



center. But this can happen in no other concave point except in the center. Therefore, since the Sun is the source of light, the eye of the world, the center will be owed to it, that (it [the Sun] being, in the divine symbolization, the Father) it may contemplate itself in the whole concave surface (which bears the symbol of the Son of God), and in that image of itself may be pleased with


[Margin: The Encomia of the Sun and [its] place, from Copernicus.]



itself, and by illuminating may illustrate itself, by warming may kindle [itself]." [VIII.] But before Kepler, Copernicus (bk. 1, ch. 10), using another likeness, had assigned this very seat to the Sun in those words: "In the middle of all resides the Sun. For who, in this most beautiful temple, would put this lamp in another or a better place than [that] whence it can illuminate the whole at once? Since not ineptly some call [it] the lamp of the world, others the mind, others call [it] the ruler.


[Margin: And of Pliny.]



Trismegistus [calls it] the visible God; the Electra of Sophocles, [calls it] that-which-beholds-all-things. So indeed, as upon a royal throne, the Sun, residing, governs the surrounding family of the stars." To which can be referred the things which Pliny most magnificently utters concerning the Sun (bk. 2, ch. 6), and which were recited by us from him (bk. 3, ch. 1). Hence, therefore, the following argument is built up.


[Margin: Third Argument, in Form.]



[IX.] "That body ought to be set in the center of the Universe which is the cause and source of the light and heat diffused through the whole world. But of this kind is the Sun; Therefore the Sun ought to be set in the center of the universe." The Minor is certain among all. The Major is proved both from the equal communication of heat and light, which ought to be made [but] cannot be unless the source of light and heat be equally distant from all the parts of the world; and from the likeness of a mirror, a lamp, etc., of which [we spoke] in nums. 7 and 8. It is answered by distinguishing the Major, and denying it if [the Sun] be not the universal cause of light, nor those very things which receive light from it receive light equally; but conceding or granting [it] if it be the universal cause, and illumine all things in the same manner: But in this sense the Minor is denied; for the Sun is neither the cause of light in the Fixed stars (as is plain from what was said, bk. 6, ch. 2, even with Kepler himself agreeing), nor does it illuminate the Earth and the Planets equally—both on account of its unequal and ever-variable distance from the Earth, and [that] of the Planets from it, and on account of the manner of illuminating them; for at one time we discern [certain] phases in the Moon, at another in Mercury and Venus, which are sometimes seen sickle-shaped [crescent], at other times in Mars, which sometimes appears gibbous, never sickle-shaped, at other times in Jupiter and Saturn, which to the sense always appear round—granted that they too receive their primary light from the Sun. Feigned, therefore, is that equality, and brought forth with little consideration. But neither is the likeness from a mirror valid, since the sphere of the Fixed [stars] is not a mirror of the Sun—otherwise it would shine all over; nor are the Fixed [stars] images of the Sun—otherwise they would not have light from themselves; and all [stars] which are equally distant from the center of the world would appear of the same magnitude, and [would appear] at any point of the celestial concavity from which the rays could reflectedly reach our eyes. It suffices, therefore, if the Sun be in such a place that it can illuminate round about the Earth and the Planets, but in that manner and measure which the end of divine Providence requires.

Fourth Argument, from the Source of Motion


[Margin: Rheticus's opinion on the source of motion, and the place of this source.]



[X.] Now this argument too we have heard insinuated by Copernicus (bk. 1, ch. 10), when he calls the Sun the ruler and governor of the Planets driven around [it]. But to this Rheticus added force in his First Narration, where indeed he had said: "In the common principles of Astronomy it was indeed [possible] to see that all the celestial appearances direct themselves to the middle [mean] motion of the Sun, and [that] the whole harmony of the celestial motions is constituted and conserved by its [the Sun's] governance. Whence also by the ancients the Sun was called chorēgos [χορηγός], the governor and King of nature. But how it would conduct this administration—whether in the way in which God governs this whole universe (as Aristotle most beautifully depicts [in the book] On the Cosmos); or whether it itself, by traversing the whole heaven and being at rest in no place, would act the part of God's administrator in nature—does not yet seem to be altogether explained and settled." These things, I say, being premised, a little after he subjoins: "The former mode of governance is rejected, the latter received." But the Lord Doctor, my Teacher [Copernicus], he [Rheticus] understands [to have] decided that the condemned manner of governance [should] be recalled into the nature of things of the Sun, yet so that to the received and approved [manner] too its own place be left. For he saw that neither in human affairs is there need that the Emperor himself run through the individual cities, that so he may at last discharge his office, imposed on him by God; nor [is there need] that the heart migrate into the head, or the feet, and the other parts of the body, for the conservation of the living thing, but [that] through other organs [organa] destined by God for this it preside over its office. After these things he says, lest the mean motion of the Sun in the other planets [serve] by
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[the mean motion of the Sun in the other planets] should serve by mere imagination alone, but should have a true efficient cause—[he says] that this was brought about through the annual motion of the Earth in the great orb; for hence the cause is ready at hand why the mean motion of the Sun flows into [influences] the theory of all the planets.


[Margin: Kepler's doctrine on the source of motion, and the place owed to it.]



[XI.] But by other reasons Kepler busies himself to advance this very doctrine (in the introduction to the Commentaries on Mars, p. 4), where, from [the fact] that the Planets are quickened by approach to the Sun, and are checked or retarded by recession—and [that] this same thing happens to the Earth, if the Earth be moved annually—he gathers by a Physical conjecture that the Sun is the source of the motion of the Planets and of the Earth, and says: "It is therefore highly probable that there is the source of the Earth's motion where there is the source of the motion of the other five Planets: namely, likewise in the Sun. It is therefore probable that the Earth is moved, since the probable cause of its motion appears." And so, with no delay interposed, he argues conversely thus: "On the contrary, that the Sun stands still in its place in the center of the world is made probable both by other [considerations] and most of all by this: that in it is the source of the motion of at least five Planets; for whether you follow Copernicus or Brahe, for both [systems] the source of the motion of the five Planets is in the Sun; in Copernicus, of the sixth too, namely the Earth. But [that] the source of all motion remain in its place is more probable than [that it] be moved." But because he saw that the phenomena of the Sun are saved in the Tychonic hypothesis, and [that] the Sun is slow in receding from the Earth, swift in approaching, and that the Sun can be the source of light, and yet be moved about the Earth, a little after he subjoined these words: "Upon this most certain conclusion, therefore, by the Physical conjecture used above, this Physical philosopheme would have to be built up: that the SUN, together with that whole greatest load of five Eccentrics (to speak crudely), is moved by the Earth—or [that] the source of the motion of the Sun and of the five Eccentrics fixed to the Sun is in the Earth. But let both bodies, of the Sun and of the Earth, be inspected, and let judgment be made concerning both, to which the source of the motion of the remaining body more belongs. Whether the Sun should move the earth—[the Sun] which moves the other Planets; or the Earth [should move] the Sun, the mover of the rest, [the Earth being] so many times larger than itself? Lest, therefore, they be forced to concede that the Sun is moved by the Earth—which is absurd: immobility is to be conceded to the Sun, motion to the Earth." But there is another peculiar reason of Kepler for this hypothesis, because, according to his fictions, the Sun moves the Planets by a magnetic force through diffused light, by which it grasps and leads them around, as I have already explained (bk. 3, ch. 2, num. 7). This argumentation, therefore, being gathered into few [words], thus may someone reason for the Copernicans.


[Margin: Fourth Argument, in form.]



[XII.] "That body ought to rest in the center of the Universe which is the source of the motion of the Planets. But the Sun, and not the Earth, is the source of the motion of the Planets. Therefore the Sun, and not the Earth, ought to rest in the center of the Universe." The Major rests on probability, which could be augmented from the analogy of a spring: for the spring is not moved, but the river or brook flowing from the spring [is]; and in mechanics the movers are wont to stand in a determined place, that thence they may the more firmly move other bodies. The Minor is proved both from this, that the motion of the Planets, in its second anomaly, is attempered to the mean—or, as the more recent [astronomers] will have it, to the true—motion of the Sun; and from the magnetic faculty of the Sun, by which it leads the Planets around; and finally, because it is more probable that the Sun is the source of the motion both of the Planets and of the Earth, than that the Earth is the source of the motion of the Sun, and, through the Sun's mediation, of all the Planets.

It is nevertheless answered by distinguishing the Major, and denying it if that body be not the universal source of motions—namely, of all the Planets, the Fixed [stars], the new Phenomena, and the Elements and elementary bodies; or if it be not a source but [only] an objective exemplar or rule of motions; but conceding or granting the Major if it be of this kind—in which sense the Minor is denied: for the Sun is neither the source of the motion of the Elements or of elementary bodies, nor of the Fixed [stars], nor of the satellites of Jupiter and Saturn. But neither is it the source—that is, the efficient cause—of the motion of the Planets (as Kepler gratuitously feigns), but only the exemplar, which by their motion they in part follow or imitate, just as the Standard-bearer moves [leads] the column of soldiers, and the Choragus [leads] the chorus of dancers. Wherefore the burden of carrying the Eccentrics of the Planets does not lie upon the Sun as upon a porter; and too crude is Kepler's likeness, even by his own confession: nor does the Earth move the Sun effectively, or sustainingly, but objectively and finally, in so far as the Sun, around the Earth and for the sake of those dwelling in it, is moved by its [own] Intelligence—in which [sense of] metaphorical motion, and [this] manner of motion, we deny there to be any absurdity. Nay, on the occasion of the question pointed out by Rheticus, it is probable that, among the other ends intended by God, this was one: that it might be established, from the very agitation and unresting course [of the Sun], that the Sun is not God, but God's minister, bidden to rise upon the good and the evil, and to carry the torch before all the inhabitants of the Earth. For I remember that I read, in the history of the East Indies, [of] the King of Peru—called the Inca, and a worshipper of the Sun—[so called] even on this ground, that the Sun runs around with so great diligence that it succours all—[who was] refuted by a Spaniard, [saying] that thence it ought rather to be gathered that [the Sun] is not God, since immobility befits God. But what was added by Kepler concerning the magnitude of the Sun with respect to the Earth will be dissolved [answered] by the following argument.

Fifth Argument, from the Mass of the Sun and of the Earth


[Margin: Kepler's argument for the annual motion of the Earth.]



[XIII.] What for us is the fifth, for Kepler is the sixth argument (bk. 4 of the Epitome of Copernican Astronomy, p. 544), from those words: "For it is more credible that the body is great about which lesser ones go around." But he supposes it certain that Saturn, Jupiter, Mars, Venus, [and] Mercury are smaller than the Sun, and likewise the Moon smaller than the Earth which it goes around, and the Jovian Satellites [smaller] than Jupiter; then he concludes: "But now, if the Sun is moved, the greatest Sun, and the three superior [planets], each larger than the earth, will go around the smaller earth: it is therefore more credible that the Earth, a small body, goes around the great body of the Sun."


[Margin: Response.]



It is answered, however, that this is not true unless the rest be equal [other things being equal]: for if what is less in mass be greater in power and in the excellence of [its] end—of which kind is the Earth, taken not nakedly but with its inhabitants—it is more credible that it rest, and [that] the remaining bodies, [being] about to serve it by their motion, be moved around it. Besides which, the sphere of the elements, around which the Sun is moved, is greater in mass than the Sun: and yet the Copernicans move it, together with the whole Lunar heaven, around the Sun [which is] so much smaller. Wherefore the argument, if it were valid, could be retorted against them.

Sixth Argument, from Need, and from the End of Motion


[Margin: Another Argument of Kepler for the annual motion of the Earth.]



[XIV.] "The Sun in no way needs the Earth, but the Earth [needs] the Sun and the rest of the stars: it is therefore consonant that it [the Earth] be moved, and by motion seek for itself those things which it needs." But this argument has already been sufficiently met (ch. 5, nums. 31 and 32). As for the end of motion, Kepler (in the Epitome of Copernican Astronomy, bk. 4, p. 549) thus philosophizes. "The Earth," says he in nearly these words, "is the dwelling of the contemplative creature; and indeed it was not fitting that man, the inhabitant and observer of this world, should reside in one place of it, as in a closed chamber; for in this way he would never have arrived at the measurement and contemplation of stars so remote: it was needful, therefore, that—just as surveyors are wont to take different stations—so he, using the annual translation [carrying-about] of the Earth, should walk around as if by a navigation, that he might more rightly behold and measure the individual members of this great house."


[Margin: Response to the Argument.]



But Kepler does not see that neither was this necessary, since it abundantly suffices that a man go out into the open and contemplate the stars; or, if there be need of some motion, that he walk about the resting earth; and that the motion of the Earth confers nothing on him for this, since through it he approaches the Planets no more than in the hypothesis of a resting Earth; and toward the fixed [stars] he is brought by no sensible approach through the motion of the Earth, since the whole annual orb is, as it were, a point with respect to the sphere of the Fixed [stars], in the opinion of Copernicus. But on the contrary, if, for measuring the motions, diameters, and intervals of the Planets and Fixed [stars], there had been need of an approach to the stars—as though it were necessary to measure them with ten-foot rods or with ropes—this argument would prove too much: namely, that there would also be need that [a man] approach each of the stars as nearly as possible—which is plainly most false. Let Kepler, therefore, cease to press the rest [quiet] of the Earth with arguments so trivial, or to attempt with these little contrivances to move it from its seat; and let him remember [that] man
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[that] Men need the stars not as Masters, but as servants serving [them] by God's command.

Seventh Argument, from the Analogy of the Microcosm


[Margin: Another, most trivial, argument, and its solution.]



[XV.] Just as in the Microcosm—that is, the small world, namely man—the feet are moved, but not the head, by a progressive motion; so in the Macrocosm, or great world, the Earth has the character of the feet, and accordingly it, rather than the Sun, ought to be moved. But both parities are denied: for neither is the Earth a foot in the world, but rather the immovable footstool of God's feet (from the sacred letters [Scripture]), nor, by the Copernicans themselves, is it the lowest part; nor, if it were, ought it to be moved by that progressive motion by which the feet of an animal [are moved], or to the same end, nor to carry the head around with it—otherwise at its motion the Sun too, or the whole heaven as the head, would be moved: and so this argument too would prove too much, if it had any weight in so great a triviality of reasoning.

Eighth Argument, from the Congruent Thickness of the Heavens


[Margin: Copernicus's reason for placing the Earth between Mars (♂) and Venus (♀).]



[XVI.] Among other things which seem to favor the Copernican system, [there] is first of all the distinction of the heavens—on account of which no Planet enters into the domain of another—and the congruent filling of the space interposed between them. Which Copernicus indicated (bk. 1, ch. 10) when he said: "But indeed, all these [orbs] resting upon one middle [point]—that is, the Sun—it is necessary that the space which is left between the convex orb of Venus and the concave of Mars be discerned also [as] an orb, or sphere, since there is, homocentric to it [the Sun] according to both surfaces, [a space] which receives the Earth with the Moon its attendant, and whatever is contained below the Lunar globe. For we can in no way separate the Moon from the Earth, etc.—especially since in that space we find a sufficiently fitting and abundant place for it."


[Margin: And of Baranzano.]



Hence, occasion being taken, the Lord Redemptus Baranzano (part 1 of the Uranoscopia, quest. 3, doubt 10, member 2) thus argues for Copernicus from the Thickness of the spheres. Since the thickness of the Lunar heaven is twenty-one terrestrial semidiameters, the thickness of the heaven of Mercury 103, of Venus 933, of the Sun 44, of Mars 7640: it would seem unfitting and far from all proportion that the Sun, chief among the stars and of so great power, should have so tiny a heaven, unless it were in the center of the world, but that Venus, which is smaller than it [the Sun], and Mars should have so great a depth in their heavens: which disproportion is certainly removed if the Sun be placed in the center of the World, and the Earth with the Lunar heaven between Mars and Venus; for thus the thicknesses of the spheres are increased by degrees; for the sphere of Mercury turns out greater than the Sun, and the sphere of Venus greater than the Mercurial, and the thickness of the elementary sphere together with the Moon's heaven [is] greater than the sphere of Venus. Someone too could, with Philolaus (published at Paris, ch. 7), reason thus against the old hypotheses. The concave of the Sun and the convex of Venus is distant from the center of the earth 1070 terrestrial semidiameters, according to certain Alphonsines; but the concave of Venus and the convex of Mercury, 162⅓; and the concave of Mercury [is distant by a] semidiameter 503; but the Moon, at the apogee of the Eccentric and Epicycle, is distant 64 semidiameters 10′: there are wanting, therefore, 13 semidiameters of the earth, 46′, in the space assigned below the concave of the Sun, that it might contain the entire orbs of Venus, Mercury, and the Moon; which absurdity, however, on this head, is not found in the Ptolemaic hypothesis—it ascribing to the concave of the Sun a distance of 1146 semidiameters of the earth—as Chiaramonti noted in his Anti-Philolaus (part 1, ch. 7). This, therefore, being dismissed, there remains the former argument of Copernicus and Baranzano, reduced into the following formula.


[Margin: "Seventh Argument, in form." — sic in the 1651 print; this is properly the Eighth Argument (from the Congruent Thickness); the next syllogism (¶XIX) is correctly numbered "9," so the numeral here is a misprint for "8."]



[XVII.] "Unless the Sun be constituted in the center of the Universe, and the Earth with the Elements and the Lunar heaven between the convex of Venus and the concave of Mars, the due proportion between the thickness and [the next] thickness of the spheres ascribed to the Planets is not preserved; But it is absurd that the aforesaid proportion be not preserved; Therefore the Sun is to be constituted in the center of the Universe, and the Earth with the Elements and the Moon's heaven between the convex of Venus and the concave of Mars." The Minor seems certain from the ordered manner of the supreme Maker in determining the thickness of the heavens. The Major is proved, because to the Sun, the greatest of the planets, the smallest—or least thick—heaven would befit, whereas to Venus and Mars, which are far smaller Planets, a far greater heaven would have been given, and the space between the convex of the Sun and the concave of Mars would be excessive and idle.


[Margin: First Response.]



It is answered by denying the Major: first, because [there] would be a greater disproportion and absurdity that the Sun, which is the greatest of the Planets, should have no heaven, than [that it should have] a small [one], and [that] the Earth, with the other elements—which are bodies commonly sub-celestial, and of most diverse properties—should be placed in [a] heaven; but to the Sun, constituted immovably in the center of the universe, there would be no heaven, but the whole space between it and Mercury would belong to Mercury's heaven, since a heaven is ascribed to the mobile Planets, that through it they may go around. Then, if Mercury and Venus be assigned to the Sun as satellites, there is now no reason why a distinct heaven should be ascribed to them—just as none is assigned to the companions of Jupiter and Saturn; wherefore for the Sun's heaven will have to be understood that whole heaven in which Venus too and Mercury are engaged; and thus the heaven will be very thick; but it will be much more ample still, if, according to our system, Mars too looks to the heaven of the Sun as a Satellite; for thus, the greatest of the Planets [the Sun] being thronged with the greatest satellites, a heaven of very great thickness will befit [it]: concerning which thickness, see what was said in section 3, toward the end of chapter 9. The rest of the things which are brought against Ptolemy and Alphonsus—as, namely, [those] always placing Venus and Mercury below the Sun—are not valid against the Tychonic or our system.

Ninth Argument, from the Distinction of the Heavens


[Margin: Kepler's argument against the Tychonic system, as regards the place of the Sun.]



[XVIII.] Now, by the witness of the Telescope, we are compelled to confess that Venus and Mercury are engaged sometimes below, sometimes above, the Sun: the observations too of Mars and the Sun, and of the parallaxes due to them—so that congruent equations of the motions may follow thence—sufficiently prove that Mars at perigee becomes nearer to the Earth than the Sun; on which matter see what we said (bk. 7, sect. 2, ch. 3, schol. 4; and sect. 6, ch. 4, scholia 3 and 4; and ch. 10, scholio 1). Now, if we attribute to the Sun a motion and a place among the aforesaid Planets, it follows that those Planets, or at least Mars, penetrate the heaven of the Sun—which was objected as absurd to the Tychonic system by Rothmann, Hérigone, Tanner, Malapert, Amico, and Argoli, as we said (sect. 3, ch. 4, num. 5; and ch. 8, num. 5). Nay, Kepler himself (in the Epitome of Copernican Astronomy, bk. 4, p. 544) has thus: "If Brahe's reckoning holds, so that the orbit of Mars be one-and-a-half-fold the orbit of the Sun, the body of Mars at certain times will succeed into that point of the mundane space in which at other times the Sun was"—which, concerning the primary Planets, is highly incredible, that their regions, which they traverse, should thus be confounded: whereas in Copernicus['s system] they are not only distinct, but intercepted by the amplest empty intervals. Of which difference, if anyone desires a specimen, let him consult the figures of the systems set forth by us—the Tychonic indeed and ours (section 3, chh. 8 and 9), but the Copernican (in this section 4, ch. 4, num. 15): for in the Tychonic and ours the circle of Mars intersects the circle of the Sun's orbit when it approaches perigee; but in the Copernican the whole circle of Mars remains apart from the Sun, among the orbits of the other planets, nor does it intersect the great orb of the Earth; and the great orb [itself] performs that which otherwise the Epicycle of Mars would perform in Ptolemy, and the orb of the Sun in Tycho; and it is the Earth which approaches Mars [when] opposite to the Sun, and therefore [Mars] then appears so much larger than when it is far from perigee, and from the same [cause] it is that it undergoes a greater parallax than the Sun. But this objection has greater force among those who retain solid orbs; for, for two causes, they will not admit this penetration of Mars into the heaven of the Sun—namely, on account of solidity, and on account of the distinction of the heavens.


[Margin: Galileo's words on the same argument.]



And so Galileo too (Dialogue 3 On the system of the world, p. 253) says: "Would you not, to Simplicio, call it a very great absurdity, if in the system of Ptolemy Mars should so let itself down that, the orb of the Sun being broken through, it should descend below it, and approach the Earth nearer than the solar body itself: and a little after be exalted above that same [Sun] by an enormous interval?" Now to the form of the argument.


[Margin: Ninth Argument, in form.]



[XIX.] "It is absurd that the distinction of the heavens be not preserved, and [that] one primary Planet traverse the heaven of another primary [Planet]:


[…continues on p. 335 (PDF 370) with the catchword "meare": "…[per]meare: But unless the Sun rest in the center of the world…"—the rest of syllogism XIX and the five Responses to the Ninth Argument.]





(printed p. 335 — within Chapter VIII. Completes the ninth argument's syllogism and gives five Responses, Riccioli preferring his own: the Copernican remedy incurs worse absurdities, the Sun is no planet and Mars its outermost satellite, and the fluid heavens make one heaven suffice for all the planets. The Tenth Argument, from the intervals and number of the planets — Kepler's Cosmographic Mystery with its five nested Platonic solids — then begins.)
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to traverse:] But unless the Sun rest in the center of the world, and in its stead the Earth perform an annual motion through the great orb, Mars—which is a primary Planet—sometimes penetrates the heaven of the Sun, which is itself also a primary Planet; Therefore, unless the Sun rest, etc., and the Earth be moved, etc., an absurdity follows." The Major seems evident from the order due to the nobler parts of the world—of which kind are the elements, which God separated, and the heavens—especially since they are a certain image of that hierarchical order which is found in the intelligible world, or among the nine choirs of Angels. The Minor is proved, because Mars, when opposite to the Sun, in either of its perigees [perihelia] appears, as to [its] disk, sixtyfold larger than itself at apogee, and as to [its] diameter sevenfold or eightfold, if it be inspected with the Telescope; nay, by our observations, its diameter near apogee ought to appear of only 10″ and 6‴, but in either perigee of 92″—that is, of a diameter ninefold greater—concerning which we said more (bk. 7, sect. 6, ch. 10, scholio 1). Besides, if the apparent place of Mars, often observed in the acronychal position—that is, when it rises in the evening and is opposed to the Sun—ought to be reconciled, by just prosthaphaereses [equations], with the mean place of the tables, it is necessary to apply greater parallaxes of Mars than of the Sun, or [to assume] a smaller distance of Mars from the earth in that position than [that] of the Sun, as was said (bk. 7, sect. 2, ch. 3, scholio 4; and sect. 6, ch. 4, scholia 3 and 4; and ch. 7, num. 3). But these appearances cannot be saved, and composed with the due measure of the orbs, unless Mars approach very near to the Earth, and pass from a greater distance—greater than is the distance of the Sun—to a lesser, through a middle or equal distance; and sometimes, devoid of latitude (just when it is equally distant as the Sun), pass through that point of the Ecliptic through which the Sun has passed in that year, or is about to pass, if the Sun be supposed to be moved through its annual orb. Thus it comes about that the Sun pervades the heaven of Mars, and Mars [the heaven] of the Sun, by turns, with their rights and domains confounded.


[Margin: A response—but [that] of the unskilled.]



Someone might perhaps answer, first, by denying the Minor and its proofs, recalling into the suspicion of fallacy the observations of Tycho and of others—as I grieve was done by some, whom I named (bk. 7, sect. 6, ch. 4, scholio 4). But in this matter Kepler, Magini, Bullialdus, Lansberge, and all the most skilled [astronomers] of the more recent Astronomy received them as ratified [reliable]; and that appearance of Mars, sometimes greater than Jupiter appears—of which Copernicus [speaks] (bk. 1, ch. 10), and others like it reported by us (bk. 7, sect. 6, ch. 10, scholio 1)—cannot, with the due commensuration of the orbs of Mars and the Sun (deduced from the motions of both) preserved, be reconciled, unless Mars can sometimes approach the Earth more [nearly] than the Sun. Wherefore the proof of the Minor, as regards this part, can be denied only by [those] less skilled in Astronomical subtleties.


[Margin: A response—but a forced one.]



Others might perhaps answer, secondly, by likewise denying the Minor and its proof, [by] saying that the heaven of the Sun is not an entire sphere, but only a segment, round in the manner of a wheel, and occupies only as much ethereal space as is the body of the Sun carried by its center along the Ecliptic; [and] that thus the heaven of Mars is likewise a round segment, in the manner of a certain wheel, occupying only as much space as is the corpulence [bulk] of Mars itself, and besides as much as its greatest elevation upward and declination in latitude demands: and that it can come about that the smaller wheel of the Sun be so obliquely inserted into the wheel of Mars that Mars at perigee is nearer to the earth than the Sun, and yet never passes through the Sun's wheel—the latitude of Mars so requiring. But these [things] are arduous, and would be said with little consistency, [when] all the cases are considered which the Theory of the Sun and of Mars by its [own] nature admits, if the small duration of the world does not by accident [fail to] extend to these cases. Nor, for the solution of the proposed argument, is there need of fictions of this kind, forcibly imported into the hypothesis of these Planets.


[Margin: Third Response.]



It is answered, therefore, thirdly, by distinguishing the Major, and denying it if this absurdity cannot be avoided without a greater absurdity; conceding [it] if it can—but in this sense I deny the Minor: that is, [I deny] that, the Sun being placed in the center of the World and the Earth moved through the annual orb, the distinction of the heavens is so preserved that a greater absurdity be avoided: for two far greater incongruities are incurred—one is that the Sun [be] thrust down from [its] heaven into the center of the world, so that it really has no heaven of its own—which is worse than sometimes to admit, within its own heaven, the passage of another Planet; the other is that the Earth, with the whole elementary sphere, [be] transferred into [the] heaven—against the common perception, and against the order due to the World, which demands rather that the Heavens be distinguished from the Elements by separated regions, than the Heavens among themselves, or the Elements among themselves. But if the Copernicans have despised this common opinion of most of the wise, it will not be unfairly borne by them if someone, against their opinion, say that it is not absurd that the heaven of one Planet be intermingled or interwoven with the heaven of another.


[Margin: Fourth Response.]



I answer, fourthly: the Major being granted, and that part of the Minor conceded by which Mars is said to penetrate the heaven of the Sun, I deny that part by which Mars and the Sun are said to be a primary Planet; for the Sun, among the Copernicans, is not even a Planet, since it is in no way moved by a motion of translation, much less by an erratic and wandering motion; but among the others it is indeed a Primary Planet—but Mars, in our system, is not primary if it be compared with the Sun, for it is the greatest satellite of it [the Sun], and is related to the Sun as the outermost Satellite of Jupiter to Jupiter; and accordingly it is no wonder if, together with Venus and Mercury, it has been admitted within the same heaven of the Sun, as into the most ample hall [court] of its King. But if this likewise seem absurd to the Copernicans—namely, that Mars, one of the three superior Planets, [should] from a primary be made, by us, a secondary and satellite of Jupiter—we say [that it] is much more absurd to make the Sun, from a Planet, a non-Planet, and to make the Earth with the sphere of the elements, from a non-Planet, a Planet; and to make the Moon—which is one of the great luminaries—a secondary Planet and companion of the Earth: nor will this altercation be ended unless the one party gratuitously grant to the other what is [itself] supposed by it, although it is [the very thing] in question.


[Margin: Fifth Response.]



It could be answered, fifthly, by denying the Major: for, since it is established that the heaven of the Planets is fluid, and [that] the Planets freely accomplish their passages in the liquid ether, there is no greater necessity of assigning to them distinct regions individually than [of assigning] distinct regions to the birds of the air and the fishes of the ocean; and a single Heaven suffices for all the Planets. If, however, anyone is still tenacious of the distinction of the heavens—at least by [way of] designation—let him use the third or fourth response.

Tenth Argument, from the Intervals and Number of the Planets, taken from the dimension of the Five Regular Bodies, or from Kepler's Cosmographic Mystery


[Margin: Kepler's invention and the Cosmographic Mystery.]



[XX.] This is that offspring of the Keplerian genius, conceived by him not long after the year 1589, and first published in the year 1596, and finally polished and reprinted in the year 1621—in which he so pleased himself that, to preserve its structure, he applied almost all the machines [devices] of Astronomy, and from it dispensed almost the whole economy of this Art: this [offspring], in fine, for love of which especially he clung to the sect of the Copernicans, and never ceased to establish it with all his effort. In this place, therefore, those [things] must be gathered into few [words] which are necessary for perceiving the force of the argument, reserving more for another place. He, therefore, while he inquired more deeply into the proportion of the celestial orbs, and into the causes of the number of the heavens, recognized that, if the Earth were received into the heaven between Mars and Venus, and the Sun rested in the center of the Universe, and [if] the Copernican intervals of the Planets—and indeed of the earth—were somewhat corrected, those [intervals] could be distributed according to that proportion which the five Regular bodies (otherwise called Platonic) have, inscribed in order one within another, with orbs mediating [between them].


[Margin: What [are] the Regular bodies?]



Which bodies, since they are only five, and cannot be more or fewer, [it follows] that, for the five intervals of them to be filled, six Planets are required. Hence he judged that a necessary cause of the senary [six-fold] number of the primary Planets could be rendered; for in place of the Sun he counts the Earth, together with the Moon as a secondary Planet. Now the Regular bodies are Solid figures which are contained by plane equilateral and equiangular [figures] equal among themselves: of which kind are the Cube, or Hexahedron—that is, [a body] terminated by six equal square faces; with 12 sides [edges], and [8] soli[d angles]


[…continues on p. 336 (PDF 371) with the catchword "soli": "…[soli]dis"—the rest of the definition of the regular solids and Kepler's nesting of them for the planetary intervals.]





(printed p. 336 — within Chapter VIII, the tenth argument (Kepler's Cosmographic Mystery). Completes the definition of the five regular Platonic solids, surveys their ancient assignment to the elements, and expounds Kepler's improvement — the five solids generate the five intervals of the six planetary orbs, with his nesting formula — introducing the engraved nested-solids diagram and its key.)
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[8] solid [angles]; and the Tetrahedron, or equilateral Pyramid, terminated by four equal equilateral triangles, and six sides [edges], and 4 [solid] angles; and the Octahedron, terminated by eight equal equilateral triangles, and 12 sides, and 6 angles; and the Dodecahedron, terminated by twelve equal Pentagons, and 30 sides, and 20 angles; and finally the Icosahedron, terminated by twenty equilateral and equal triangles, and 30 sides, and 12 angles. But that there cannot be, besides these five, other bodies which are contained or terminated by plane [faces] equal among themselves, and equilateral, the interpreters of Euclid demonstrate—especially Clavius (bk. 13 of the Elements, in the scholia of proposition 18) and Kepler himself (bk. 4 of the Epitome of Copernican Astronomy, p. 467). And (bk. 2 of the Harmonics, proposition 25) he rightly notes that the Cube, Tetrahedron, and Dodecahedron are simple and therefore primary, but the rest secondary, as being composite—the Octahedron and the Icosahedron—because the three former have the simplest angle, that is, a three-lined [trilinear] one, and a proper and distinct plane; but the rest [have] an angle comprehended by more lines than three, and in the plane communicate with the Tetrahedron.

[XXI.] Moreover, this whole doctrine of Kepler is handed down by him, as it were restricted into a compendium, in the preface of the Cosmographic Mystery, and chh. 2 and 14; and in the preface of the Harmonics, and book 2, from proposition 25; and bk. 5, ch. 9; and bk. 4 of the Epitome of Copernican Astronomy, from p. 455. First, therefore, it must be noted, from Aristotle and Plutarch, that of old the five Regular bodies were accommodated by the Platonists and Pythagoreans to the mundane bodies [the elements]; which Proclus also did (on bk. 13 of Euclid), affirming that Euclid proposed to himself the five Regular bodies as [his] ultimate end, and that for their sake he wrote all the things which he handed down in the Elements, except those which lead to the perfect Number; whereas, on the contrary, Petrus Ramus (in the Mathematical Schools) contends that these five bodies are to be removed from the end of Euclid's elements; and Lazarus Schoner thought them of no use—against whom see Kepler in the preface of the Harmonics. Indeed I read these [things] in Plutarch (bk. 2 On the Opinions, ch. 6): "Pythagoras, since there are five solid figures which are called mathematical, said that the Earth was made from the cubic [one], Fire from the meta or Pyramid, Air from the Octahedron—that is, the body of eight seats [faces]; but Water from the Icosahedron—that is, the body of twenty seats; and from the Dodecahedron—that is, the body of twelve seats—the globe of the universe." Plato Pythagorizes in all these [matters]; the congruences of which distribution—no mention of Plutarch being made—Kepler investigates (bk. 2 of the Harmonics, prop. 25, and in the Mystery, ch. 2); but there, and in that preface, he suspects that the Pythagoreans concealed symbolically, under the names of the Elements, the names of the Planets: and under the name of Earth, Saturn—nearest to immobility by its slowness; under the name of Water, Venus—who is feigned to have arisen from the foam of the Sea on account of the humors subject to her, and therefore called Aphroditē [Ἀφροδίτη]; under the name of Air, Mercury—on account of the mobility of its swiftness; under the name of Fire, Mars—who accordingly was called from Fire Pyrois. But Proclus too said that this is, among others, the end of Geometry: that it may teach how the heaven received figures congruent to its [own] certain parts—namely from that great Demiurge, who disposed all things in number, weight, and measure. More truly, therefore, Kepler judged that from those five figures arose the five intervals of the celestial orbs mutually including one another; wherefore, if they are five, it was necessary that the primary Planets be six—just as, for terminating four intervals on one hand, five fingers are required. Now the order and distribution of these bodies into the heavens of the Planets is handed down by Kepler, first conceived in this formula (in the preface of the Mystery): "The Earth is the circle, the measurer of all: about it circumscribe a Dodecahedron; the circle comprehending this will be Mars: about Mars circumscribe a Tetrahedron; the circle comprehending this will be Jupiter: about Jupiter circumscribe a Cube; the circle comprehending this will be Saturn: now within the Earth inscribe an Icosahedron; the circle inscribed in it will be Venus: within Venus inscribe an Octahedron; the circle inscribed in it will be Mercury. You have the reason of the number of the Planets." And so the Moon, as a secondary Planet and companion of the Earth, he counts [it]; but the Sun he does not reckon among the Planets, but places [it] in the center of the planetary system, as the source of light, heat, and motion. But, the intervals having been examined—the intervals by which the Planets are distant from the Sun, according to the Copernican measures (but somewhat emended by himself and by Mästlin)—he gathers that those intervals are capable [receptive] of the aforesaid order and distribution, as he teaches (from ch. 2 of the Cosmographic Mystery to ch. 20, and in the Epitome from p. 468). Yet Kepler concedes that the Copernican intervals approach so nearly to the proportions of the aforesaid figures that they fall short in some very small [amount]; but he says that this comes about because the archetype of this mobile world consists not only of the beauty of the regular bodies, but also of Harmonic proportions, and of the concord of six voices, to whose Idea the swiftest and slowest motions of the Planets had to be attempered—which attempering could not be done unless the Harmost [Tuner] varied somewhat those figural intervals.

[XXII.] Someone might perhaps wish that in this place we should represent this order and symmetry by some diagram; but we cannot [do] it exactly, since those solid figures cannot be so described in a plane that they preserve the number of all the sides, planes, and angles with their quantity; and if in their place we used plane figures, we would furnish the Reader an occasion of manifold error: let, therefore, the diagram written below suffice for him—in which, from A, the center of the annual orb (next to the Sun, according to Copernicus, but the Sun itself [at center], according to Kepler), let there be described, between two circles, the orb of Saturn (♄) with its thickness, and of Jupiter (♃) with its [own]; and of Mars (♂) with its [own]; and the great Orb of the Earth, with the sphere of the Elements and the space of the Lunar excursion—all which we have also marked off above and below by a little black globe; then, between two circles likewise, let there be described from the same center A the orb of Venus (♀) with its thickness, and the orb of Mercury (☿) with its [own]. These [things] done, between the orb of Saturn and [that] of Jupiter let the letter C, C be inscribed on either side, which signifies that a Cube is to be inscribed in the Orb of Saturn, but circumscribed about the orb of Jupiter; but between the orb of Jupiter and [that] of Mars, let the letters T, T be inscribed, indicating that a Tetrahedron is to be inscribed in the orb of Jupiter, but circumscribed about the orb of Mars. Thirdly, in the space, that is, between the orb of Mars and the annual orb of the Earth, let D, D be noted, to signify that in that space a Dodecahedron is to be inscribed in the orb of Mars, but circumscribed about the annual orb of the Earth. In the fourth interval, namely between the annual orb and the orb of Venus, let the letter I be inserted twice, which indicates that an Icosahedron is to be inscribed in the annual orb, but circumscribed about the orb of Venus. Fifthly, at last, in the space which [is] between the orb of Venus and [that] of Mercury, let the letter O be inscribed twice, indicating that an Octahedron is to be inscribed in the orb of Venus, but circumscribed about the orb of Mercury. Or else, with the words written out, let the names be expressed: in the first interval, of the Cube; in the second, of the Tetrahedron; in the 3rd, of the Dodecahedron; in the 4th, of the Icosahedron; in the 5th, of the Octahedron. But also, for the sake of aiding the memory, the following distich [couplet] will not be useless:


Kappa surrounds Jupiter; Tau, Mars; Delta, the Elements [Earth];
Iota surrounds Venus; and Omicron, Mercury.

[Translator's note — engraved nested-solids diagram (Kepler's Cosmographic Mystery figure): concentric circles centered on A, the Sun (drawn as a radiant sun-face). Outward from the center: the orb of Mercury (☿); the Octahedron ("oct."); the orb of Venus (♀); the Icosahedron ("icos."); the annual orb of the Earth (a small black globe, ●); the Dodecahedron ("Dodec."); the orb of Mars (♂, with an arrow); the Tetrahedron ("Tetraëdr."); the orb of Jupiter (♃); the Cube ("Cubus"); the orb of Saturn (♄, outermost). Across the top arc the inscribed solids are labelled by their initials, symmetric about the center: C · T · D · I · O — [A] — O · I · D · T · C (C = Cube, T = Tetrahedron, D = Dodecahedron, I = Icosahedron, O = Octahedron).]

[…continues on p. 337 (PDF 372) with the catchword "Dum": "…[Dum]modo memineris Cappa idest C, significare Cubum"—the key to the distich's letters, then Kepler's planetary-distance numbers, the comparison table, and Riccioli's reply.]





(printed p. 337 — within Chapter VIII, the tenth argument (Kepler's Cosmographic Mystery). Gives Kepler's Copernican planetary distances with comparison tables of the solids' ideal sphere-ratios against the actual orb-ratios, and his argument that only the Copernican system leaves inter-orb spaces fitting the regular solids, yielding an a-priori cause of the planets' number and spacing. The argument is cast in form, and the First Response begins.)
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provided you remember that Kappa, that is C, signifies the Cube; and Tau, that is T, the Tetrahedron; and Delta, that is D, the Dodecahedron; and Iota, namely I, the Icosahedron; and Omicron, that is O, the Octahedron.


[Margin: Kepler's philosopheme on the intervals of the Planets and the Regular bodies.]



[XXIII.] Now Kepler supposes (in the Epitome, p. 455), from Astronomical observations and the demonstrations of Copernicus, that—relative to the distance of the Earth from the Sun, or to the semidiameter of the great orb—the distance of Saturn is nearly tenfold; of Jupiter fivefold; of Mars one-and-a-half-fold; of Venus sub-sesquitertian [¾]; of Mercury about sub-triple [⅓]. And so the diameter of Saturn's orb has less than double its neighbor the Jovian; but the Jovian has triple the Martian, and the Martian one-and-a-half-fold the terrestrial orb described about the Sun. The terrestrial, in turn, has more than one-and-a-third of the Venereal; and the Venereal, of the Mercurial, five-thirds or eight-fifths; although he adds that the proportions of the distances are not the same in every part of the orbit, but different in different [parts], especially in Mars and in Mercury.

But from p. 468 of the same Epitome, together with ch. 14 of the Cosmographic Mystery, the following numbers are collected—of which the former signify the proportion of the semidiameter of the orb inscribed in some Regular body (the semidiameter of the orb circumscribed about the same Regular body being set at 100000 parts); but the latter signify the proportion of the same semidiameters as arising from the Copernican hypothesis: so that from their parallelism, or comparison, it may appear how nearly the Copernican measures approach to the measures of the required intervals, that the regular bodies may, in the aforesaid order, be inscribed in the concave orb of the upper Planet, or circumscribed about the convex orb of the lower.

Of what kind the semidiameter of the circumscribed Orb is 100000, of that kind the semidiameter of the inscribed Orb:




	Inscribed [in the solid]
	Ought to be





	Cube
	57735



	Tetrahedron
	33333



	Dodecahedron
	79465



	Icosahedron
	79465



	Octahedron
	57735



	Square in the Octahedron
	70711





Of what kind the semidiameter of the Concave [orb] is [100000], of that kind the semidiameter of the Convex [orb] is, by Copernicus — from Copernicus, bk. 5, chapter:




	Concave (= 100000)
	Convex, by Copernicus
	De Rev. bk. 5, ch.





	♄ Saturn
	♃ Jupiter 63500
	9



	♃ Jupiter
	♂ Mars 33333
	14



	♂ Mars
	♁ Earth 75700
	19



	♁ Earth
	♀ Venus 79500
	21, 22



	♀ Venus
	☿ Mercury 72300
	27





I explain the little table. If a circle, or rather an orb, be made whose semidiameter is of 100000 parts, and to it a Cube be inscribed, and in this cube another orb be inscribed, the semidiameter of this [inner] orb will be of 57735 such parts. Again, if the semidiameter of this second orb be divided into 100000 equal parts, and to it a Tetrahedron be inscribed, and to the Tetrahedron a third orb be inscribed, the semidiameter of this orb will be of 33333 such parts. And so of the rest.

[XXIV.] These [things] being premised, Kepler thus philosophizes. In the Ptolemaic hypothesis the distances of the Planets from the center of the Earth and of the universe are so disposed that between the lowest or least [distance] of Saturn and the highest or greatest of Jupiter there is no interval, but the concavity of the Saturnine heaven immediately touches the convex surface of the heaven of Jupiter, and so of the rest—for no other cause, indeed, than lest there be anything empty between the heavens which does not belong to the domain and right of some Planet, occupied at least by its Epicycle, if not by the body of the star itself; but in this no Geometrical beauty shines forth, to which God may be said to have looked. But in the hypothesis of Copernicus, between the concave of the upper and the convex of the lower Planet there intervenes a space which is not necessarily occupied by the body of the Planet, nor by any Epicycle of it or other orb; and these spaces are so interposed that between the heavens of the three upper Planets three simple or primary Regular bodies can be inscribed—namely the Cube in the concave of Saturn, the Tetrahedron in the concave of Jupiter, the Dodecahedron in the concave of Mars; but the two remaining secondary figures can be inscribed—the Icosahedron indeed in the concave of the Annual orb, and the Octahedron in the concave of Venus, circumscriptible about the convex of Mercury. These [things], I say, can be done exactly indeed as regards Mars and Venus, and nearly exactly as regards the Earth—for the due number is 79465, but Copernicus['s is] 79500. Nor does Mercury deviate enormously, if in the middle of the Octahedron you inscribe a square, formed from the four middle edges, to which square the inscribed circle will have a semidiameter of 70711 parts—of which kind the radius of the orb inscribed in the Octahedron is 100000, but the Copernican measures supply 72300 parts. Jupiter alone strongly discrepates from the due [value]: for the radius of the orb inscribed in the cube ought to be 57735, but by Copernicus it is 63500; yet, though it discrepates, it is nearer to no body's measure than to this. This so great analogy and proximity of the numbers, therefore, cannot be said to have been fortuitous in the mind and Idea of God the Creator; and if those numbers, according to these ideal and archetypal ratios (the ratios being nevertheless preserved which the harmonic proportions of the motions, according to the six musical voices, require), be somewhat corrected, the most beautiful analogies arise, and a cause a priori is rendered why six primary Planets were created by God, and why there is only [such] an interval between the concave of the upper and the convex of the lower heaven; and to the three upper Planets three primary Regular bodies correspond in order. But such analogies and causes a priori cannot be rendered in any hypothesis of an Earth resting in the middle of the universe, and much less in the Ptolemaic. Therefore the Copernican hypothesis (although Copernicus was ignorant of his [own] riches, and did not see these analogies) is to be preferred; and accordingly the Sun, in the center of the Universe, is nowhere translated [moved], but the Earth, annually mobile between Mars and Venus, is to be placed [there]. And behold, now the argument coming of its own accord into its [proper] form, which it pleases [us] to repeat distinctly.


[Margin: Tenth Argument, reduced into Form.]



[XXV.] "That Hypothesis is to be preferred to the rest in which alone, or most of all, a reason a priori is rendered—by Geometric and Harmonic proportions, and those most beautiful—both of the number of the Planets and of the interval between the Planetary heavens. But such is the Hypothesis of Copernicus, and this requires the Sun immovable near the center of the world, and the Earth mobile by an annual motion between the orbs of Mars and Venus; Therefore the Hypothesis of Copernicus is to be preferred to the rest, and the Sun is to be established immovable near the center of the world, but the Earth mobile by an annual motion between the orbs of Mars and Venus." The Major does not seem able to be called into doubt except by one who would deny what very many wise men have confessed—that God, in the structure of this visible world, looked to the most excellent Ideas of the intelligible world, which He had from eternity in His divine intellect, and expressed by speaking His Word, according to that [verse] of Boethius:


. . . . the Fairest, Himself bearing the fair
World in [His] mind, and forming [it] from a like image:



or [except by one who] would deny what was said by Plato in the Timaeus, in the Epinomis, and in the books On the Republic—nay, before him, by Pythagoras—and received with so great applause of all the ages: namely, that God, in founding and conserving the World, was a Geometer and a Harmost [Tuner]; or who would dare to gainsay what the sacred letters attest concerning God (Wisdom 11): "Thou hast disposed all things in measure, and number, and weight"; but concerning the concord and harmony of the heavens, [it is plain] from the same divine letters (Job 38), and will be plain from the things to be said below in their places. The Minor seems sufficiently proved by Kepler, from the things said from num. 20 to 25.


[Margin: First Response.]



I answer, however, first, by distinguishing the Major, and denying it, if the number of the Planets—commonly received by the wise, and evident to sense itself—be not retained, and [if] those proportions do not, again and again, agree with the certain observations of the celestial motions, nor be fit for the end and effects which Divine providence proposed to itself in the structure and administration of the World; and finally, [denying it] if not even those proportions be found adequately in such a hypothesis


[…continues on p. 338 (PDF 373) with the catchword "nian": "…[inuenian]tur"—"…be [adequately] found"—the rest of the First Response, and the further refutation of Kepler's Cosmographic Mystery.]





(printed p. 338 — within Chapter VIII, refuting the tenth argument. Continues the First Response through four sub-points: the Copernican system demotes the two Luminaries and destroys the septenary of the planets; its tables do not perpetually match observations; geometric proportions are not of themselves fit for nature's ends; and the proportions are not adequately found even in the Keplerian system. A Second Response then begins — the harmonic proportions hold in the Tychonic system too, as Kepler himself confessed.)
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[adequately] be found. But I concede the Major, if the four aforesaid conditions are found in that hypothesis: but in that sense I deny the Minor. For, first, in the Copernican hypothesis the Sun—which by all the wise (excepting a few followers of the Copernican opinion) was reckoned to obtain the chief place among the Planets, and by its motion to govern the rest—[is] cast down from heaven into the center of the Universe, and has no heaven, nor is it now a Planet, but [is] outside the number of the Planets; and the Moon, which likewise was always held [to be] among the primary Planets, in this hypothesis is not numbered among the primary Planets, but is the attendant of the Earth: but the Earth itself—nay, the whole sphere of the elements—by a monstrous Uranomorphosis [heaven-transformation] is transferred into [the] heaven, and turns out a primary Planet. Thus it comes about that the two great Luminaries are not numbered in the number of the Planets (the cause of which is here inquired into), and so to that number the two Lights of the world are, as it were, twin eyes, torn out; and that most famous septenary [seven] of the Planets and of the Chords [strings], illustrious by so many other analogies and conditions (as I indicated, bk. 7, sect. 1, ch. 1), perishes in our hands. And so, if Kepler was of so robust a stomach that he could digest the striking of the Moon and the Sun from the roll [register] of the seven Planets, let him not take it ill if someone should say that the analogy of a few regular bodies with the intervals of some Planets was neglected from the primary order of the divine Ideas in the structure of the world. For it is far more evident that the Moon and the Sun are primary Planets—both in the measure of Times and in the effects of nature—and that the Earth is not moved, nor is a Planet, nor merits the name of a star or of a celestial body, than that the intervals of the planetary heavens were taken from the regular bodies.


[Margin: Second Response.]



Secondly: Neither the Prutenic tables, built upon the Copernican hypothesis, nor the Rudolphine [tables], [built upon] the Copernico-Tychonic, are such that they perpetually cohere with the celestial observations; nay, again and again they stray from them, and indeed in the chief Phenomena, namely Eclipses, as is plain from what was said (bk. 5), and is now sufficiently ascertained to the Astronomers of this time: but in those [matters] which concern the apparent magnitude of Mars, and the proportions between its mass and its intervals, that Kepler erred, and conflicts with the manifest observations concerning the diameter of Mars, we have sufficiently shown (bk. 7, sect. 6, ch. 10, scholia 1 and 3 joined together).


[Margin: Third Response.]



Thirdly: those purely Geometrical proportions, derived from the five regular bodies, do not seem of themselves fit for the ends and effects which God willed in nature to depend on the intervals and motions of the Planets; and I say the same of the Harmonic [proportions]: for the excellence of the regular bodies does not consist in the proportions of the diameters of the inscribed or circumscribed circle, but in the very ratio [nature] of bodies terminated by such faces; but the heavens of the Planets do not flow into [influence] these lower things by reason of their corpulence thus terminated—especially since, the fluidity of the heavens being posited, there is in reality one single heaven of the Planets; and so that real distinction of the heavens and of the regular bodies perishes. But [it is] through the mediation of the bodies of the Planets, and their light and the qualities flowing from that light, [that] the bodies which are contained within the Zodiac [act]; nor do they affect the celestial spheres (designable by us by reason alone), nor are affected by them, nor from them, in so far as they are bodies, do they receive their power or the governance of [their] virtue; much less from the bodies which can be inscribed among them. And it is far more probable that a much higher and nobler


[Margin: How the Geometry of God is to be understood.]



Geometry and Harmony of Divine wisdom [was] in the structure of the World, than that it should have followed that material beauty of dimensions, and of a harmony accommodated to our ears. But just as we say metaphorically that some Prince "geometrizes" well, or administers the Republic "musically," if he chooses and applies means fit for the end of public happiness, and distributes offices, rewards, penalties, and burdens according to the gifts and merits of each, and so attempers himself to the dispositions and characters of [his] subjects that he conserves peace and concord among them and with himself, and likewise the due subordination of the lower with the higher: so too, and much more worthily, must we think of God in the governance of this world, even as regards [its] natural effects. And thus, in Wisdom 11—when there was discourse concerning the governance by which God had so inflicted punishments on certain impious [men] that by the [very things] through which one had sinned, by those he might be punished, and so they might be corrected; whereas otherwise He could by His Omnipotence at once destroy [them] in many ways, as will be plain to one reading that chapter—therefore, after those words: "But Thou hast disposed all things in measure, and number, and weight," it is at once subjoined: "For to be greatly able is Thine alone always, and who shall resist the strength of Thine arm? Since the whole world before Thee is as the [tiny] weight of a balance, and as a drop of the morning dew that descends upon the earth. But Thou hast mercy on all, O Lord," etc. So when, in ch. 32 of Ecclesiasticus, it is said: "They have set thee [as] a ruler," and after a few [words]: "lest thou hinder the music"—what music is there spoken of is expressed, namely, the prudent and congruent rule of subjects.

But if it nevertheless pleases [anyone] to bind God to the compass and rule of material Geometry, I would gladly ask of Kepler: why, in the distribution of the Fixed [stars], and in the Lunar spots, and in the surfaces of the Seas and great continents, did he not preserve the laws of any regular figures? Why, in organizing the body of an animal—especially of man, in whom we so greatly admire the depth of divine Wisdom—did he not conform the magnitudes, figures, [and] intervals of the brain, the heart, the liver, and the other parts according to the properties of the regular bodies? Is it because they are not spherical bodies, nor destined for circular motion? But neither are the orbits or paths of the Planets spheres, or a great part of spheres, except among those who—without any necessity, nay, with the observers of the heavens crying out against [it]—introduced solid orbs (which Kepler disapproves). More truly, without doubt, it will be answered that figures of this kind are not of themselves fit for the duties and effects which God and nature pre-ordained in these works.


[Margin: Fourth Response.]



Fourthly, at last, the proportions taken from the Regular bodies are not found adequately in the Copernican or Keplerian hypothesis; for neither is the quantity of the interval between Saturn and the Fixed [stars], or between Mercury and the Sun, determined from them, nor the thickness of the heaven of Saturn; and of the remaining five intervals there are only two which most nearly or nearly approach to the proportions due to the bodies to be inscribed—namely the intervals of Mars and Venus; the rest discrepate greatly—not only between Jupiter and Saturn, and between Venus and Mercury (which Kepler confesses in the places cited, granted that he begs a remedy for them from afar), but also [that] of the Earth, if the space of the Lunar heaven carried around with it is to be confined within the orbit of the Earth; and therefore in the Cosmographic Mystery (ch. 16) he concedes that the little orb of the Moon projects above the orb of the Earth, like a gem above a ring, or like the orbs of the Satellites of Jupiter above the orbit of Jupiter, and [that it] is not impeded by the spaces of the regular bodies, because the heavens are not adamantine or solid. But concerning Mercury I have already said above that its interval [is to be determined] not from the Octahedron, but from a square inscribed in the octahedron itself—if [the value] is to approach near to the measures of the Copernican hypothesis. And so, unless, by various windings, corrections of the measures be scraped together by a forced inquiry, the analogy of the planetary intervals with the capacity of the regular bodies does not shine forth except in two, or at most in three, intervals.


[Margin: Second Response.]



[XXVI.] I answer, therefore, secondly: the Major being granted, denying the Minor as to both parts; for that in the Copernican hypothesis the proportions of the aforesaid bodies are not found exactly and adequately, nor a reason of the true number of the Planets rendered, is plain from what was said in the first response, paragraphs First and Fourth; but that the Harmonic [proportions] can be found also in the Tychonic or others similar, Kepler confessed (bk. 5 of the Harmonics, ch. 3); and in the same place [he confessed] that the Tychonic observations conflict with that exact configuration of the regular bodies. For when he had said: "That the Earth is one of the Planets, and is borne among the stars, around the immovable Sun," he nevertheless at once added: "Let those, therefore, who are offended by the unwontedness of this science, know that these harmonic speculations obtain a place even in the hypotheses of Tycho Brahe; because that Author has in common with Copernicus all the rest of the things which pertain to the disposition of the bodies and the contempering of the motions." And on the following page: "As regards the proportion of the planetary orbits, that, indeed, between each two neighboring orbits is always so great that it easily appears


[…continues on p. 339 (PDF 374) with the catchword "mia": "…[Astrono]miam polliceri"—the rest of the Kepler quotation (the solids' fit is not quite exact, the harmonic ratios prevailing), closing the refutation of Argument 10 and the end of Chapter VIII; then Chapter IX opens.]





(printed p. 339 — closes Chapter VIII and opens Chapter IX. Finishes the reply to Kepler's Cosmographic Mystery: the five solids do not exactly fit the planetary intervals, and the harmonic ratios Kepler prefers hold in the Tychonic system too. Chapter IX then opens — five arguments for the annual motion from the planets' motions — beginning the First Argument, from the superfluity of epicyclic and eccentric motions removed by the Earth's single annual motion (Copernicus, Rheticus, Kepler, Lansberge), with Kepler's pre-emptive reply to the "Intelligences" objection.)
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[a perfect Astrono]my to promise. For after the completed demonstration of the intervals from Brahe's observations, this is found, etc." He proceeds, indeed, to explain at greater length the defect or excess of the intervals arising from the Tychonic observations—below or above the measures due to the inscription of the regular bodies—and concludes: "In brief, the Cube and Octahedron, [as] consorts [paired], penetrate their planetary orbs somewhat; the Dodecahedron and Icosahedron, [as] consorts, do not quite attain theirs. The Tetrahedron precisely touches both—there less, here more, here equal—in the intervals of the Planets." From which it is plain that the very proportions of the planetary intervals from the Sun were not taken from the Regular figures alone. Read the rest in him [Kepler]; who, in the same bk. 5 of the Harmonics, ch. 9, proposition 49, bursts out into that exclamation: "It was good that the solid figures should yield, in the generation of the intervals, to the Harmonic ratios." Since, therefore, the intervals of the Planets, in neither hypothesis (namely Copernicus's and Tycho's), were taken from the Regular bodies exactly taken, and since the Harmonic proportions are chiefly to be regarded (as Kepler indeed judges)—but these obtain a place in the Tychonic too (I add: and in ours, which, as regards these [matters], is sufficiently equipollent to the Tychonic)—we are not compelled, on account of these proportions, to prefer the annual motion of the Earth to the annual motion of the Sun, or the rest of the Sun to the immobility of the Earth.


Chapter IX, Five Arguments are proposed and dissolved, for the Annual Motion of the Earth, taken from the Motions of the Planets and from the instruments of the motions

[I.] Although in the preceding Chapter, in certain arguments—especially the 2nd and 4th—mention was made of the motion of the Planets; nevertheless the arguments were not deduced from their motion immediately taken, as will be done in this chapter. Let these [remarks] be said for the sufficient distinction of the titles.

First Argument, from the Superfluity of the motions of the three Superior Planets by Epicycles, and of the two Inferior [Planets] by their own Eccentrics—[a superfluity] removed by the single and simple Annual Motion of the Earth

[II.] Here indeed, if anywhere deservedly, the Copernicans seem to triumph, and with an inevitable battering-ram to shake the Ptolemaic system, or others akin to it, and almost to overthrow [it].


[Margin: Commendation of the Earth's annual orb, from Copernicus.]



And hither likewise look those words of Copernicus (bk. 1, ch. 10): for after he had said, "Whatever appears concerning the motion of the Sun is rather verified in the mobility of the earth," a little after he added: "Which I think is to be more easily conceded than that the intellect be distracted into an almost infinite multitude of orbs—which they were compelled to do who detained the earth in the middle of the world. But rather the sagacity of nature is to be followed, which, just as it has most of all taken care not to have produced anything superfluous or useless, so has rather often endowed one thing with many effects."


[Margin: And from Rheticus.]



Adhering to which, Rheticus, in his First Narration, admonishes the Astronomers that—as Galen inculcates (bk. 10 On the use of the parts), namely that nature does not operate superfluous [things], and that what it can attain by one or two means it does not busy itself to inquire through many—so they too, in framing hypotheses, should avoid superfluous [things]; then he infers: "Wherefore, since by this single motion of the earth we should see, as it were, infinite appearances satisfied, should we not attribute to God, the founder of nature, that industry [economy] which we see common clock-makers to have? who most studiously take care not to insert into the instrument any little wheel which is either superfluous, or whose function some other—its position being a little changed—more conveniently supplies." But explaining in particular the conveniences which arise from the single annual motion of the Earth through its orb, he says: "To these is added, that the motion of the earth in its orb produces the arguments of all the Planets, except the Moon"—that is, the Anomaly of the orb, or second inequality, which the Alphonsines call the "Argument," and which alone, by itself, seems to be the cause of all the diversity of motion; which [diversity], namely, appears in the three superior [planets] from [in relation to] the Sun, but in Venus and Mercury around the Sun. "And again, from this motion of the earth it follows," he says, "that all the diversity of the apparent motion of the Planets—which seems to befall in them parà toùs pròs tòn hēlion schēmatismoús [according to their configurations toward the Sun]—comes about because of the annual motion of the earth in the great orb; and that the Planets in reality proceed by only the one other inequality, which is observed in respect of the parts of the Zodiac." Wherefore, since Ptolemy and almost all the rest, down to Tycho, set forth the first inequality of the motions in the Zodiac, in the five lesser Planets, by Eccentrics, but the second—which arises from the various recession, approach, and configuration toward the Sun—by Epicycles, or orbs equivalent to Epicycles, but multiplied: Copernicus, by the single annual orb of the Earth approaching the Planets and receding from them, sets forth and saves [it], and so performs what in the Ptolemaic system the three Epicycles of the superior, and the two distinct Eccentrics of the Inferior Planets, ought to perform.


[Margin: Commendation of the same orb and motion, from Kepler.]



[III.] This, indeed, is what Kepler so greatly inculcates—both in the Cosmographic Mystery (ch. 1), saying: "This orb, therefore, and motion of the Earth furnishes these conveniences: that we do not need three eccentrics in the usual hypotheses—namely, of the Sun, of Venus, and of Mercury. For because the Earth is carried around about these three Planets, the Earth-dweller thinks that those three, immovable, are carried around about him. But if there were more stars within the orb of the Earth, they too would ascribe this motion to more [stars]. Likewise, this orb being posited, the three great epicycles of Saturn, Jupiter, and Mars, with their motions, fall [away]." But then, more explicitly, in the Epitome of Copernican Astronomy (bk. 4, p. 542), where he confesses indeed that those great Ptolemaic Epicycles were removed by Tycho too, he nevertheless says that [Tycho] left in the world the same thing which was effected by them—namely, that any Planet, besides that motion which is in reality to be conceded to it, is moved even now, over and above, by the very motion of the Sun, mixing both into one; from which measure, since there are no solid orbs, most perplexed spirals are effected in the mundane space. (Of which perplexity I have exhibited a diagram and specimen, from Kepler himself, bk. 7, sect. 1, at the end of the last chapter.) Copernicus, on the contrary, strips the five planets utterly of this extraneous motion of the Sun, by the single simple motion of the center of the earth; and brings it about that the centers of the six primary planets—namely, of the Earth and of the remaining five—each describe a single, simple, and perpetually self-similar orbit in the mundane space, or a line very near to a circle. So he [says] (p. 543), alluding to the Elliptical orbit introduced by him into Astronomy. Moreover Lansberge (tract 4 of the Apology for the motion of the earth), considering the five aforesaid extraneous motions of the Planets removed by the annual motion of the Earth, and the eight diurnal motions of the eight spheres expunged by the diurnal motion of the Earth, says: "By the Earth's motion is done what ought to have been accomplished by thirteen motions of the stars." And he urges those physical axioms: that Nature proceeds in an orderly way, abhors superfluities, [and] does nothing in vain.


[Margin: Anticipation of the response, from Kepler.]



[IV.] But since Kepler knew that the aforesaid motions of the Planets, which seem to us manifold, could be attributed to Intelligences leading the Planets around by a single spiral line, [Kepler], meeting this response (bk. 4 of the Epitome of Copernican Astronomy, p. 546), said that the condition of the moving souls would be very hard, and harder [that] of the Intelligences, while they are bidden to look to very many things, so as to carry a planet in order by two motions, distinct in all respects and mixed among themselves; but [that] if the Sun rest and the earth be moved, the motion of each Planet is single, and can be effected by corporeal magnetic powers, by the single rolling of the body of the Sun about its center, and there is plainly nowhere need of the aid of a mind, says he; and he refers the Reader to the Commentaries on Mars, where he teaches by what means the Sun, by a magnetic power diffused and emitted from itself through [its] light, also


[…continues on p. 340 (PDF 375) with the catchword "quo": "…quo[que]"—the rest of Kepler's magnetic-light account of how the Sun drives the planets, and Riccioli's reply to this First Argument.]





(printed p. 340 — within Chapter IX, completing the first argument (superfluity of motions). Finishes Kepler's magnetic-light account, casts the argument in form, and gives three Responses: the moving-Earth hypothesis destroys what common sense sees without necessity; heliocentrism really multiplies motions rather than economizing; and by retortion, Tycho's own words show his system dispatches the planetary circuits equally well without making the Earth a thrice-moving star.)
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[the Sun, by a magnetic power diffused and emitted from itself through its light, also] in every direction lays hold of the Planets, and twists [them] into a gyre [rotation]. But now let us come to the formula of the argument.


[Margin: The argument in form.]



[V.] "That hypothesis is to be preferred to the others which, by fewer and simpler motions, performs that which the others cannot perform except by more, and more composite, motions: But the Hypothesis in which the Earth is moved through the annual orb is of this kind: Therefore it is to be preferred to the others." The Major is plain from the axioms so often already adduced: for it is most universally received that God and Nature—nay, also Art—are not wont to effect by more [means] what they can [effect] by fewer; nor are means and instruments to be multiplied—nay, generally [no] entities [whatsoever]—without necessity, or greater utility. The Minor has already been proved, since it has now been shown that from the Earth's annual motion follows that apparent second motion in the lesser Planets, which represents the second inequality—the annual [one], or [the one] attempered to the apparent motion of the Sun; and [that] thus, by a single annual orb, [there] comes about what otherwise ought to be effected by distinct Epicycles or Eccentrics.


[Margin: First Response.]



I answer, first: if it [the hypothesis] furnishes phenomena previously evident to sense, and not more absurd than is the composition of motions, I concede the Major; if it does otherwise, I deny the Major, and so I deny the Minor: for the hypothesis in which the Earth is moved through the annual orb does not furnish phenomena evident to sense, but—by destroying and inverting [those] which are evident to common sense (of which kind is the motion of the Sun, and the harmony of the Planets attempered to the Sun), and indeed by destroying [them] without any necessity—it introduces a motion from which the intellect, leaning on sense (as is fitting in Physical matters), shrinks more than from the multiplicity of motions.


[Margin: How far the fallacy of the senses is to be admitted.]



Nor is there [reason] why that so-oft-repeated [saying] should be thrust [at us]: that the senses are fallacious, and that this dispute is not to be decided from their estimation. For it is answered that they are neither always nor for the most part fallacious, and that their fallacy is detected by applying reasoning—but [reasoning] leaning on that very [thing], on surer sensations; otherwise, so long as in some special object they are not thus caught erring, one must stand by them, and their estimation is in possession [holds the prior right], to the [degree of] exigency of our assent. For surely, because some eyes are blind, or ours sometimes are full of bleariness, or an animal is sometimes sick, is it to be said that all eyes are blind? or that ours always labor with bleariness, or that no animal is ever healthy? Besides, does not the intellect itself, in many [things] which do not depend immediately on sense, so err that that error cannot be attributed to the fallacy of the senses? You would say so indeed; for concerning the same sensible [object], and the same experiment had through the senses—say concerning the Rainbow, or the tide of the Sea—different [people] think different and contradictory [things], of which opinions some must be false: Is the intellect, then, not even to be trusted? Let those, therefore, who are of this kind, see [to it] lest they undermine the foundations of all the sciences.

To the proof of the Major I answer that those axioms are not to be taken absolutely, or in a purely arithmetical sense—as though, indeed, God and Nature, or even Art, always aimed at unity, or at that number which most of all approaches unity—but relatively to the pre-established end, taken not only as to the substance of the thing to be made, but also as to the accidents congruent to it for its being well or better in its [own] order. Nature, indeed, could have made and conserved Plants and Animals with fewer fibers, little veins, little nerves, cuticles, little membranes, hairs, leaves, little roots, etc., but not so well and congruently. God too could, with fewer stars, with narrower tracts of Seas and Lands, and with a smaller number of insects, reptiles, fishes, birds, [and] quadrupeds, fill this world: but He would not have attained that end, nor in that manner, which—and in which manner—He thus attains [it]. And since Rheticus chose the likeness of Clocks: if someone were to add to some clock more wheels, so that the same hour should be struck not once but twice, or so that, with two distinct bells, [it should sound] the hours with the larger and more sonorous [bell], but the quarter-hours with the smaller; he would employ wheels not superfluous, his end being regarded, but necessary. So in the proposed case: if God willed to exhibit not a mere appearance of the motions of the Sun and of the Planets regarding it [the Sun] in its motion, but the real motion itself of the Sun and of the Planets, and that [motion] now so quickened that [the planets] always become more eastern; now [so] slow that they seem neither to progress nor to regress; now, finally, [so] retrograde into the preceding [signs]—and [if He willed] that on this real variety should depend the variety of many effects: He is not to be judged to have introduced superfluous motions.

I shall give another example. A musical concert could indeed be so instituted that, with fewer voices and instruments, but a polyphonic Echo being employed, more voices and more instruments would seem [to sound]: but if someone proposes to himself not this mere appearance, but a real multiplicity of voices and organs [instruments], that he may in that way effect the concert, he is by no means to be blamed, even if he could with equal ease have used that Echo.


[Margin: Second Response.]



I answer, secondly: If that hypothesis multiplies, in another kind [of motion], more and more composite motions than the other hypotheses, I deny the Major; if it does not multiply [them], let the Major pass: but in this sense the Minor is denied. For although the hypothesis moving the Earth by an annual motion seems not to multiply motions—in so far as by this single motion it performs the five motions of the lesser Planets—nevertheless, in reality, on deeper inspection, it multiplies other motions no less, nay [even] more composite [ones]. For it multiplies the Moon's motion, since it brings it about that, besides the monthly motion about the Earth, [the Moon] is also moved by an annual motion with the center of the Earth—so that, in this respect, the Moon must perform not only the functions of the Moon, but of the Sun. Then it multiplies that same annual motion in the Earth, and in the Water, and in the whole Elementary sphere; wherefore, if the elements are four, the motions of these and of the Moon are five, and indeed distinct by that [same] distinction by which the mobile bodies themselves [are distinct]. Besides, since not only the animals standing on the Earth, but also the birds flying in the air, and all the meteorological bodies which hang or are moved in the air or fire (if [fire] is given [to exist]), must follow the annual motion of the Earth, or of the center of the Earth: this number of motions is multiplied as many times as there are subjects [things] which are moved by such a motion. Finally, since it is certain that the physical and astronomical phenomena cannot be saved unless to the annual motion of the Earth a diurnal [one] be added—which the Copernicans freely confess—it is necessary to add the diurnal motion not only to the Earth, but to all terrestrial and watery bodies, however much torn away from the water and earth, and—besides the rectilinear motion of the Elementary bodies—to introduce a curvilinear [motion] made through a longer way.


[Margin: Note the economy, or number, of motions in the hypothesis of a resting Earth.]



Wherefore, all [things] considered, that annual motion of the Earth involves with itself far more motions, both in number and in kind, than that hypothesis in which—by a wonderful economy of nature—through the immobility of the Earth and of the Elements (as to their entire bodies), and the simplest rectilinear motion of [their] parts (and that not perpetual, but only in the cases in which the parts of the Elements are outside their natural place); but in the heaven, by a single spiral line in each Planet, always toward the West, but now higher, now lower, now loosened into breadth, now with narrower coils, and led around now more swiftly, now more slowly, by the Intelligences—[by all this] the phenomena and the real effects of these vicissitudes are saved.


[Margin: Third Response.]



It could, therefore, be answered, thirdly, by retorting the argument taken from the multiplicity of motions—which it [will] suffice to have indicated. It pleases [me] to transcribe here the words of Tycho (from tome 1 of the Progymnasmata, p. 661), saying: "I confess, indeed, that the five circuits of the Planets, which the ancients attributed to Epicycles, are thus very neatly dispatched, with less ado, in the single Earth, and that many mathematical absurdities committed by the Ancients, and the enormous incoherence, are guarded against by Copernicus, and the celestial appearances are satisfied a little more accurately: but nevertheless, since this can also be performed by another method—as we have done in our hypothesis—equally well, [if] only not more rightly: to what end is it [needful] to fashion, undeservedly, out of the Earth (an opaque, gross, and sluggish body) a certain Star, revolved even more manifoldly than the rest, as being liable to a triple motion—not only against all Physical truth, but also with the authority of the Sacred letters [Scripture], which ought to be the chief [authority], resisting?"


[…continues on p. 341 (PDF 376) with the catchword "II. Ar": "II. Argumentum ab Imperfectione motuum cælestium"—the Second Argument, from the Imperfection (retrogradations, stations, unequal epicycles) of the celestial motions.]





(printed p. 341 — within Chapter IX, proposing the Second Argument, from the imperfection of the celestial motions: the planets' stations and retrogradations are removed by the Earth's annual motion, which makes them a merely optical, parallactic effect (Copernicus, Kepler, Galileo, Gassendi). Further "imperfections" the annual motion removes are enumerated — the differing progress and regress among the planets, the growth of Ptolemy's epicycles toward the inner orbs, and the superior planets' retrogradation at opposition.)
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Second Argument, from the Imperfection of the celestial motions—[an imperfection] which, if they were in reality such as they appear, [would obtain]—removed, and a mere appearance attributed [to them], and a cause [thereof] rendered a priori through the annual motion of the Earth

[VI.] The greater [is] the variety and inconstancy in the celestial motions, the greater the imperfection by which they seem to labor: but now, in the five lesser Planets, there appears a manifold variety and inconstancy of motions. For, first, it is established that they sometimes so cling under the same place of the sphere of the Fixed [stars] that, their course being checked, they seem to stand [still]; but sometimes, as if led by a repentance of the direct motion, [they] retrocede into the preceding [signs], and, as if unweaving Penelope's web, annul or obliterate that motion by which they before proceeded into the consequent [signs]. But all this imperfection Copernicus removed (bk. 5, chh. 3, 35, and 36): for, the Earth's annual motion being posited, below the orbs of Saturn, Jupiter, and Mars, but above the orbs of Venus and Mercury—and so that, in the periodic motion under the Zodiac, the three superior Planets are slower than the Earth, but Venus and Mercury [are] swifter than the Earth—it is necessary that the Earth so approach to these and recede from them, that they seem sometimes to progress, sometimes to stand [still], and sometimes to retrograde; wherefore the cause of these imperfections is not physically in the motion of those [planets], which always progress, but is a mere appearance, and a merely optical cause, on account of the motion of commutation [parallactic shift], by which the Earth is annually carried around in a gyre. For when the additive [forward] motion of the Planet shall be equal to the subtractive [motion] of the commutation, it will seem to stand [still]; but when the subtractive motion of the Planet shall be greater than the additive motion of the commutation, it will seem to step back; but when, finally, the subtractive [motion] of the Planet shall be less than the motion of commutation, it will seem to progress directly. Which we too explained (bk. 7, sect. 5, ch. 4) with diagrams appended.


[Margin: Kepler's doctrine on the Retrogradation of the Planets.]



Comparing which hypothesis with the Ptolemaic, Kepler (ch. 1 of the Cosmographic Mystery) says: "For of Ptolemy it could be asked, why the five Planets become Retrograde, [but] the Luminaries not likewise? It is answered, first, concerning the Sun, because it rests: whence it comes about that the motion of the Earth, which is always direct, seems to be in the Sun itself merely and undisturbedly, only through the opposite part of the heaven. But concerning the Moon, because the annual motion of the Earth is truly common to its heaven with the Earth: and two [things] which have the same motion in all respects seem to be at rest among themselves. Whence the motion of the Earth in the Moon is not perceived, as in the other Planets. Concerning the Superior [planets]—Saturn, Jupiter, and Mars—it is answered: because they themselves are slower than the Earth, and because that circle and motion of the earth is thought to be in them. Wherefore, just as to those who should look out from the globe of Saturn the Earth would sometimes seem to progress, while it went through the [one] half of the circle above the Sun, sometimes to regress, while it went through the other half, roughly; but to stand [still] at two points, namely the terminal [points] of the Direct and Retrograde course: So it is necessary that, to us looking out from the Earth, Saturn seem to be turned into the opposite directions, and so to regress just when, to one looking from Saturn, the earth would seem to regress; and Saturn to progress when the Earth [seems] to progress," etc. And he proceeds, saying: "The inferior [planets], Venus and Mercury, seem to regress for this [reason], because they are swifter; whence [it follows] just as if the Earth stood unmoved, [that] Venus, running in the more remote part of the circle, describes a way plainly contrary to that which it accomplishes in the part of its circle near the Earth."


[Margin: Galileo's opinion on the cause of the Retrogradations.]



To this is added Salviati, or rather Galileo, who (in Dialogue 3 On the System of the World, p. 252 of the Latin version), when he had said, "In the Ptolemaic system [there] are diseases, and in the Copernican [there] are medicines," a little after added: "But what shall we say of the apparent motions of the Planets, so deformed that not only are they now swift, soon slower, but sometimes even become altogether stationary, and even retrograde through a long space? To save which appearance, Ptolemy introduced the greatest Epicycles, adapted to the individual Planets, with certain rules of the anomalies, or of incongruous motions—all of which are removed from the midst by the single, most simple, motion of the earth." But, some words being interposed, Sagredo answers in the same place that these retrograde and stationary motions had always seemed to him improbable, and that he therefore wished that it be explained by what method the system of Copernicus excuses them; which Salviati does presently, and we [did], as I said (bk. 7, sect. 5, ch. 4, num. 3).


[Margin: Gassendi's concurrence.]



But the same cause why the Luminaries do not seem to retrograde, while the rest of the Planets do seem [to], Gassendi elegantly pursues (Epistle 2 On impressed motion, p. 145).


[Margin: Second Imperfection, removed by the annual motion of the Earth.]



[VII.] The second imperfection or inequality, which seems to be in the motion of the five lesser Planets, and which is removed by referring the true cause of such a phenomenon back to the annual motion of the Earth, is that which Copernicus (bk. 1, ch. 10, toward the end) thus insinuated: "For hence one may note—the contemplator not [being] sluggish—why a greater progress and a smaller regress appears in Jupiter than in Saturn, and a smaller than in Mars; and again, a greater in Venus than in Mercury. And [why] such a reciprocation [back-and-forth] appears more frequent in Saturn than in Jupiter; rarer still in Mars and in Venus than in Mercury." For we have already taught (bk. 7, sect. 5, ch. 2) that the arc of direction of Saturn is smaller than that of Jupiter, and [that] of Jupiter than of Mars, and greater in Venus than in Mercury, a twin table of this diversity being added; and in the same place (num. 5, prop. 2) we added the cause why the Stations and Retrogradations of Saturn recur more often than those of Jupiter, and of this [Jupiter] than of Mars, and of Mercury than of Venus.


[Margin: Third Imperfection, removed by the annual motion.]



But since Ptolemy tried to explain these [things] by attributing a greater Epicycle to Mars than to Jupiter, and to Jupiter than to Saturn, and to Venus than to Mercury, he seemed to multiply motions and instruments, and yet not to have rendered the true cause of these inequalities; since a greater Eccentric of Saturn would seem to demand also a greater Epicycle. Whence a Third imperfection arises in the Ptolemaic hypothesis, but [is] removed by Copernicus. Hence that reproach of Kepler (ch. 1 of the Mystery): "Thus it could be asked (but with Ptolemy answering nothing) why in the great orbs there are such tiny Epicycles, and why in the small orbs such huge [ones]"—that is, inquire parà toùs prosgeíous [in respect of the perigees] of Mars, etc.—that is, why, among the superior [planets], Mars is greater than Jupiter, and this [Jupiter] greater than Saturn? And why does not Mercury too have a greater [epicycle] than Venus, since it is inferior to Venus—since, of the four remaining, the inferior always has the greater?


[Margin: Kepler's second commendation for the annual motion of the Earth.]



Here the answer is easy: namely, in the hypothesis of Copernicus (from which he renders the cause of these vicissitudes), because, namely, as each of the Superior [planets] is nearer to the Earth's annual orb, so the annual orb has a greater proportion to it, and appears greater: Mars, therefore, nearest to the Earth's orb, has in its Radius more such parts (of which the Radius of the annual orb is 100000) than Jupiter, and this [Jupiter] than Saturn; and therefore the prosthaphaeresis [parallactic equation] arising hence is greatest in Mars, middling in Jupiter, least in Saturn. But now, [as for] those which the ancients thought to be Epicycles in Mercury and Venus, those, in reality, in the hypothesis of Copernicus, are Eccentric Orbs; and to Mercury, as the swiftest, the smallest orb belongs, and a smaller than to Venus. Thus he; who presently adds a certain Fourth [imperfection]—or [rather] necessity—in these Retrogradations, of which the true cause the hypothesis of Copernicus alone seems to bring [forward].


[Margin: Fourth Imperfection, removed by the motion of the Earth.]
[Margin: Kepler's third commendation for the annual motion.]



"Likewise," he says, "the ancients wondered, not without reason, why the three superior [planets] are always lowest in their Epicycle (understand: and Retrograde) when in opposition with the Sun, but highest in conjunction: so that, if the Earth and the Sun and Mars are in the same line, why Mars cannot then be in another place of the Epicycle than in the Perigee. In Copernicus the cause is easily rendered. For it is not Mars in [its] Epicycle, but the Earth in [its] orb, that causes this variety," etc. For Mars could be moved in the Epicycle into the preceding [signs], and thus turn out direct in opposition, and retrograde in conjunction with the Sun; nor can the cause be rendered through the Epicycle why this motion was not made in this manner, but one only has recourse to the effect and experiment a posteriori.


[Margin: Gassendi's confirmation of the aforesaid causes.]



But since Gassendi has treated these arguments not inelegantly, and it is expedient to inculcate this argument in various ways, that its force may be more clearly set forth, it pleases [me] to repeat from him, in other words, the things which have been said thus far. [VIII.] And so Gassendi (Epistle 2 On motion impressed by a translated mover, p. 145) thus argues for the annual motion of the Earth. "Then, whether, concerning the three more remote than Mars too—namely Jupiter, Saturn—we should say: what is the [reason] why they never appear retrograde except when they have the Earth interposed between themselves and the Sun? Or why [they are] always retrograde when they have [it] interposed? Why is the Epicycle of Mars greater than the Epicycle of Jupiter,


[…continues on p. 342 (PDF 377) with the catchword "Iouis": "…[Epicycle of] Jupiter"—the rest of Gassendi's questions and Riccioli's reply to the Second Argument.]





(printed p. 342 — within Chapter IX, completing the Second Argument (imperfection of celestial motions): Gassendi's exposition of the planets' stations and retrogradations as merely apparent under heliocentrism is cast in syllogistic form. Riccioli gives four responses, denying that retrogradation is an imperfection, noting that every famous system renders an a-priori cause of these phenomena, and retorting that heliocentrism makes all earthly bodies really stationary and retrograde twice daily — a greater absurdity.)
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[the Epicycle of] Jupiter, and this [of Jupiter] greater than the Epicycle of Saturn? And after a few [words]: Why is Mars, so much swifter through the Eccentric than Jupiter, so much more sluggish through the Epicycle, and in the same proportion Jupiter than Saturn, and so of the rest?" But he answers at once that [these things] necessarily so appear, the Earth advancing between the Sun and them: for, although both they and the Earth always progress toward the East, it is nevertheless brought about that, because the Earth is moved more swiftly than they, while [the Earth], approaching from afar, is about to pass near them, or to interpose itself between them and the Sun, they seem to it [now] to advance more slowly than before; and when it approaches as if in a straight [line], they appear as if to stand [still]; and thereupon also to retrograde—since [the Earth], proceeding more swiftly, gradually leaves them behind, so that the retrogression appears greatest when [the Earth] is nearest [them], and has them directly opposite; and afterward [the retrogression] appears gradually to decrease, until, while [the Earth] departs from them along as it were a straight line, they seem again as if to stand [still]. But after the second station they appear to advance directly and more and more swiftly; because thereafter the Earth, as about to pass beyond the Sun, observes them progressing along the series of the Signs—[they] who, in the opposite situation, seemed to go against the same series. Hence, therefore, it is, why they cannot appear retrograde except in opposition with the Sun, etc. Hence why the Epicycle of Mars seems greater than the Epicycle of Jupiter: namely, because, on account of [Mars's] greater nearness, the retrogradation in it begins to appear nearer [sooner] and ceases later [farther], etc. Hence why Mars is retrograde only once in a biennium [two years]—inasmuch as the Earth, not advancing except twice as swiftly, cannot overtake it except in double the time in which it completes its [own] period. Hence why Jupiter each year runs through [its course] and is made retrograde, and that only one month later [each time]; because, namely, the Earth is twelve times swifter, and always overtakes it—once left behind—in the thirteenth month. Hence why Saturn too each year is made retrograde, and that scarcely later by half a month—because, namely, the Earth is thirty times swifter, and, having departed from it, overtakes it again in the twelfth month, and scarcely by a half [month] besides. With these foundations, therefore, premised, let us build up the following argument.


[Margin: Second Argument, in Form.]
[Margin: Proof of the Major.]



[IX.] "That hypothesis is to be preferred to the others in which alone the imperfections of the Stations and Retrogradations are not real but merely apparent, and through which alone a reason a priori is rendered both of the aforesaid Stations and Retrogradations and of the other diversities annexed to them. But of this kind is the hypothesis of the Earth advancing annually between the three superior and the two inferior Planets: Therefore this hypothesis is to be preferred to the others." The Major is evident to any well-disposed Intellect; for who would not concede that it is better that, if any imperfection occurs in the celestial motion, it be rather apparent than true and real? Who, likewise, would be so álogos [ἄλογος, irrational], as to prefer to stumble in the darkness of that hypothesis along an ever-blind path—[a hypothesis] which cannot bring forward the causes of such appearances—than [to walk] in the light of that [hypothesis] which can demonstrate them?


[Margin: Proof of the Minor.]



The Minor has already been shown above by an induction made both from the Stations and Retrogradations themselves [taken] in themselves, and from the diversities which are connected with them—of which kind are [these]: that these vicissitudes are more frequent in Saturn than in Jupiter, and in Jupiter than in Mars; likewise that the arc of Direction of Saturn is of more degrees than that of Jupiter, and [that] of Jupiter than of Mars; likewise that of Saturn (whose Eccentric is greatest) the Epicycle—or its proportion with the annual orb—is least, and [that] of Mars (whose Eccentric is least among the three superior [planets]) the Epicycle is greatest, but [that] of Jupiter middling; and [that] the Equation of the second inequality is greatest in Mars (the lowest of the superior [planets]), and yet least in Mercury (the lowest or innermost of the inferior [planets]); likewise why they are always retrograde in the situation nearest the Earth, and direct in the most remote, nor could it have happened otherwise. Finally, why the Luminaries are incapable of Station and Retrogradation. For of all these a simple and open reason is rendered through the annual motion of the Earth compared with the proper motion of each Planet under the Zodiac.


[Margin: First Response.]



I answer, first, by distinguishing the Major, and denying and conceding it under exactly that distinction by which I distinguished the Major of the 1st argument of this chapter (proposed in num. 5); and in the same way [I answer] to the Minor—just as if that response were here inserted verbatim.


[Margin: Second Response.]



I answer, secondly, by conceding the prior part of the Major, if the apparent Station and Retrogradation in the Planets be an imperfection; [but] denying [it], if it be not an imperfection, but a great perfection in their motion—the end to which it is ordained being regarded, and the vicissitude of effects in the sublunary nature depending on them. For who would say that in harmonic concords and in rhythmic dances [there] are imperfections—which they call Pauses [rests]—and the retrocessions or recurrences of the little syllables, of the sounds, of the dance-steps, etc.? or, in Dialectical discourse, the progress from causes to effects, and the regress from effects to demonstrate the causes?


[Margin: Third Response.]



I answer, thirdly, the Major being granted meanwhile, by denying the Minor: for it is one thing that a single and simple cause be brought forward at first sight (and thus to repeat the first argument of this chapter, to which sufficient reply has been made); [it is] another that in this hypothesis alone a cause of such appearances be brought forward. But all the hypotheses hitherto famous—whether Ptolemy's, or Magini's, or Tycho's, or Ours—render a cause a priori of these Phenomena, though not in the same way, nor in that [way] which the Copernicans wish. For what these [Copernicans] perform by the motion of the Earth compared with the motion of the five lesser Planets under the Zodiac, the others perform by the motion of the Sun, compared with the motion of the same Planets (the Earth standing still), but by an Epicycle borne by an Eccentric, or by a Spiral, or by another equivalent orb; and in the Ptolemaic [system] indeed the Planets never really stand [still] or retrocede in their orbs, if you place the eye in the center of those Epicycles, but always progress into the consequent [signs] of the Signs: not otherwise than the Copernican Earth, viewed from the Sun as the center of the annual orb—granted that, if it [the Earth] too were viewed from elsewhere, it would seem sometimes to stand [still] under the Fixed [stars], sometimes to retrograde. But in the Tychonic hypothesis, as Kepler confesses (bk. 4 of the Epitome, pp. 535 and 537), the absurdity of the Retrogradations is avoided, if the Sun be established to be the center of the planetary system and to carry with it the centers of the orbs of the five lesser Planets; and [that] in this same way Astronomy is freed from two superfluous Eccentrics of Mercury and Venus, and the three great Epicycles of Mars, Jupiter, [and] Saturn. And so, if the cause of these appearances is the concurrence of motions, or the comparison—on the one hand of the lesser Planets, on the other of the Sun or of the Earth—then the annual motion of the Sun can equally be received among the causes a priori, as [can that] of the Earth; for either is sufficient to represent them—with this difference, however, that the motion of the Sun, as being evident to sense, has already pre-occupied possession among the judgments of most of the Wise. But the Copernican sect seems to be of too dainty a temper, to which neither the motion of the Sun nor any other, except [that] of the Earth, tastes [of] a genuine cause a priori of such phenomena; which taste the simplicity of the annual motion of the Earth sharpens—[a simplicity] greater at first sight, but in depth far less, on account of the many other motions which it involves with itself, as I have already said (num. 5, in the 2nd response). But in reality the motion of the Sun is much simpler, while it overtakes the superior Planets, or recedes from them, or while it carries with it the Epicycles of Venus and Mercury by the same single motion (for in this the hypothesis of Ptolemy must be corrected).


[Margin: Why the Luminaries are not retrograde.]



But the cause why the Luminaries are not retrograde has been sufficiently assigned by us (bk. 7, sect. 5, ch. 3, Theorems 3 and 4).


[Margin: Fourth Response, very notable.]



I answer, fourthly, by retorting the argument: for from the annual motion of the Earth, mixed with the diurnal, it follows that all points of the Terrestrial globe placed outside the center, and all terrestrial, watery, or semi-aerial bodies which follow the motion of the earth—whether fixed to the earth, or torn away, or hanging—turn out really, each day, twice stationary (as to the diurnal motion), once direct, and once retrograde, and yet this is not perceived; but that the Moon, in each month—as to its monthly motion mixed with the annual [motion] of the earth's center—turns out, at the quadratures, Stationary; but between the 1st and 2nd quadrature, Direct; between the 2nd [of one lunation] and the 1st of the following Lunation, Retrograde; and at the Full Moons Swiftest, at the New Moons Slowest (as to this motion indeed); and yet not even this itself appears to us: as I have already said (ch. 6, toward the end of num. 18), and shall say (ch. 19, num. 12); and Galileo himself admits [it], according to what is to be said (ch. 14, num. 4). Now if it is absurd to posit in the celestial bodies a real Retrogradation and Station—since the Earth, with its cognate bodies, is placed in the number of the Planets, and they are said to be engaged in their [own] heaven with respect to the center of the Universe—then surely it is a greater absurdity to posit, in innumerable bodies diverse in number and kind, a retrograda-


[…continues on p. 343 (PDF 378) with the catchword "nem": "…[retrogradatio]nem ac Stationem"—the close of the Fourth Response and the Third and Fourth Arguments.]





(printed p. 343 — within Chapter IX. Closes the Second Argument, then gives the Third Argument, from other astronomical phenomena explained a priori by the Earth's annual motion (the equal eccentric revolutions of Sun, Venus, and Mercury; the telescopic phases of Venus and Mercury; the outer planets' size-variation between opposition and conjunction); Riccioli answers that the reformed-Ptolemaic and Tychonic systems give the same a-priori cause. The Fourth Argument, from the latitude and inclination of the lesser planets, opens with Rheticus's encomium of Copernicus's Great Orb.)
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[a retrograda]tion and Station, and indeed so frequently that it is daily, and yet [one] which can be perceived by no observations, and proved a posteriori; but in the Moon to assert the same [thing] each month—than to posit, in fewer other Planets, a rarer Retrogradation and Station, and indeed [one] founded on observation. Or, if that [former] is not absurd, neither ought this [latter] to be absurd. There is, therefore, no [reason] why the Copernicans should so often inculcate this argument.

Third Argument, from the Cause which is rendered a priori, of certain other Astronomical things, through the Annual motion of the Earth alone


[Margin: Why do the Eccentrics of the Sun, Venus, and Mercury have the same motion as the Sun?]



[X.] "This single motion of the earth being substituted," says Kepler (ch. 1 of the Cosmographic Mystery), "the causes of very many things are rendered, which Ptolemy could not render from so many motions of the heaven. For, first, of Ptolemy it could be asked, how it comes about that the three Eccentrics—of the Sun, of Venus, and of Mercury—have equal revolutions? For it is answered that they themselves do not truly revolve, but, in their stead, the single Earth." Besides, as the same [Kepler] notes (in the Epitome of Astronomy, bk. 4, p. 535), what was guessed by Martianus Capella, Campanus, and others—namely Vitruvius, Macrobius, [and] Bede—Galileo has now demonstrated, in his Sidereal Messenger, from [things] observed through the Telescope in Venus; and Simon Marius in Mercury; and we in both: [namely,] that Venus and Mercury, when they advance direct and become nearer to the morning Conjunction with the Sun, appear small and round; but when they turn out retrograde, and are near to the evening conjunction, appear very large and sickle-shaped, or horned: of which phases we have given the diagrams and proofs (bk. 7, sect. 1, ch. 2). And hence it is evidently gathered that they are thus illuminated by the Sun, so that they go around it. But it seems incongruous that these Planets are borne now above, now below the Sun; which incongruity is removed if the annual motion of the Earth be posited—for then their ascent and descent is merely apparent, according as the Earth becomes more remote from or nearer to them as they go around the Sun.


[Margin: Venus and Mercury appear now below, now above the Sun.]



[XI.] Likewise it seems unfitting to the constancy of the celestial motions that the three superior Planets are sometimes scarcely equaled to little stars of the second magnitude—and that when they come to conjunction with the Sun; sometimes equal or surpass stars of the first magnitude—and that when they come to the Sun's opposition; of which diversity the cause cannot be brought forward by the ancient hypotheses, but is at once brought forward by the single annual motion of the Earth, which, when it interposes itself between them and the Sun, approaches them, and therefore sees them much larger than when it recedes from them, so that the Sun is interposed between it and the Planets.


[Margin: Copernicus's opinion on why Saturn, Jupiter, [and] Mars appear larger at opposition.]



"For hence one may note," says Copernicus (bk. 5, ch. 10), "that Saturn, Jupiter, and Mars, [when] acronychal [rising at sunset], are nearer to the earth than around their occultation and apparition [near the Sun]. But most of all Mars, made [to shine] all night, seems to equal Jupiter in magnitude—distinguished only by [its] ruddy color; but there [near conjunction] it is scarcely found among the stars of the second magnitude," etc. "All which proceed from the same cause, which is in the motion of the earth." The same [point] Gemma Frisius pursues, in a certain Epistle given to Johannes Stadius at Louvain, on the day before the Calends of March of the Year 1555, asserting that the hypotheses of Ptolemy do not have such evident causes tōn Phainoménōn [τῶν φαινομένων, of the phenomena] as the Copernican have. "For that the three superior Planets," so he proceeds, "achrónychoi [ἀχρόνυχοι], or placed diametrically opposite the Sun, are always in the perigee of their Epicycle—Ptolemy assumes [it], and this is the tò hóti [τὸ ὅτι, the 'that']. But the hypotheses of Copernicus necessarily infer it, and demonstrate the dióti [διότι, the 'why']." And so Ptolemy teaches the mere That, but Copernicus [teaches] the Wherefore itself. Finally, Kepler strikes this same chord, in his Cosmographic Mystery (ch. 1), when he says: "Likewise, not without reason did the ancients wonder why the three superior [planets] are always lowest in their Epicycle when in opposition with the Sun, [and] highest in conjunction," etc. "In Copernicus the cause is easily rendered. For it is not Mars in [its] Epicycle, but the Earth in its orb, that causes this variety." Let, therefore, the form of this argument be such:


[Margin: Third Argument, in Form.]



[XII.] "That hypothesis is to be set before the others which, either alone or more evidently, renders a reason a priori why Venus and Mercury have the same motion as the Sun, and appear now round above the Sun, now sickle-shaped below the Sun; but Saturn, Jupiter, and Mars appear, always in opposition with the Sun, nearest to the Earth, and so largest, but in conjunction with the Sun, most remote and smallest. But such is the hypothesis in which the Earth is carried around the Sun by an annual motion: Therefore, etc." The Major is plain of itself. The Minor too remains sufficiently proved from what was said (nums. 10 and 11).


[Margin: First Response.]



I answer, first, by exactly that distinction which I used in the first response to the first argument of this chapter—which re-read from num. 5, and hold [it] just as if it were transcribed hither.


[Margin: Second Response.]



I answer, secondly, the Major being granted, by denying the Minor. For both in the Ptolemaic (but as reformed by us) and in the Tychonic hypothesis, a reason of the aforesaid Phenomena is rendered no less evidently: for it is certain, both in the Copernican and in our [system] and the Tychonic, that Venus and Mercury go around the Sun and follow it as the center of their motions; and from this, as a true cause a priori, it follows that—whether to the Earth resting (but with the Sun moved annually around the Earth), or [to Venus and Mercury] carried around the resting Sun—they appear now round and slender, now large but sickle-shaped, and why they are moved by the same single eccentric motion: nor is the cause of this phenomenon more the Earth by an annual motion than the Sun by an annual motion: nay, if other things were equal, in this the Sun's motion is superior, that it is more evident to our sense—so much so that, as long as we are not convinced of the opposite, we ought rather to assert it. Likewise it is false, what is imputed to Ptolemy—namely, that he assumes the three Superior Planets, in the acronychal position (or in opposition with the Sun), always to be perigee [nearest to the earth], and in conjunction apogee [most remote], and brings forward no cause of this antithesis [opposition]: for he confers a cause, in the motion of them through the Epicycle into the consequent [signs], attempered to the annual motion of the Sun. But Tycho confers the cause [upon] the Eccentric orbs, but [ones] carried around by the Sun.


[Margin: Kepler's confession for the Tychonic hypothesis.]



Which I wish to be confirmed by no other [words] than the very words and confession of Kepler himself: for he, in the Epitome of Copernican Astronomy (bk. 4, p. 537), has thus: "Now, as concerns the three superior [planets], Aristarchus, Copernicus, and Tycho Brahe demonstrate that, if we establish them too [as moving] around the Sun—and the Sun as a kind of common center of the five Planets, so that the motion of the Sun, whether true or apparent, holds [embraces] the whole five orbs of the Planets—we are freed, as before in Venus and Mercury [from] two superfluous Eccentrics, so now in the three superior [planets, from three] Epicycles." But what he adds—that the consent which the aforesaid planets have with the motion of the Sun is "blind and incredible"—is said gratuitously; and it [that consent] is much more credible than the annual motion of the Earth, or that magnetic attraction by which he [Kepler] wishes it [the Earth] to be led around by the Sun. But if Ptolemy perpetually carried Venus and Mercury below the Sun, this has now, after the use of the Telescope, been removed from his hypothesis.

Fourth Argument, from the Latitude and Inclination of the lesser Planets to the Ecliptic


[Margin: Rheticus's encomium for the Great Orb.]



[XIII.] This argument I once indicated (bk. 7, sect. 4, ch. 5, schol. 3). But Rheticus extends it much more at length in his First Narration (nearly the third page before the end), where, bringing forward the reason why the annual orb of the Earth was called by Copernicus the GREAT [orb], he says: "It was called the Great Orb for this [reason], because it has, both to the orbs of the superior Planets and to the magnitude of the inferior, a notable [proportion], which is the occasion of the chief appearances": then he subjoins: "Moreover, in the latitudes of the Planets it is first to be seen how rightly the name of 'Great' is attributed to the [orb] carrying the center," etc. "The motions of the Planets in longitude furnish indeed excellent testimonies that the Earth describes the center [as] the Orb which we call Great: but in the latitudes of the Planets, its uses—as [those] of [something] placed in a certain illustrious place—are more conspicuous; since it [the Great Orb], nowhere departing from the plane of the Ecliptic, is nevertheless the chief cause of all the diversity of the appearances in latitude." He then pursues the doctrine of the latitudes, and, in the whole two last pages, shows how, through the approach of the Earth to the Planets, the angles of the inclinations are optically augmented—which the Ancients thought [to be]


[…continues on p. 344 (PDF 379) with the catchword "tarunt": "…[pu]tarunt"—the rest of Rheticus's latitude-doctrine and Riccioli's reply to the Fourth Argument.]





(printed p. 344 — within Chapter IX, the Fourth Argument (latitude and inclination): Kepler's claim that the planets' latitude-variations and Ptolemy's librations vanish if the Earth moves is cast in form. Riccioli replies that the Tychonic hypothesis with parallel planes saves the constant inclination equally, and that Kepler himself showed both Ptolemy and Copernicus erred, the planes being simply parallel to the Ecliptic — provable in the Tychonic and corrected-Ptolemaic systems too.)
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[the Ancients thought to be] increased on account of the position of the Planet in the perigee of the Epicycle, and many other things connected with these, which it is not necessary to transcribe here.


[Margin: Kepler's opinion for the latitude of the Planets in the hypothesis of a moving Earth.]



[XIV.] This same [point], by a briefer discourse but not once [only], Kepler urges: for in ch. 1 of the Cosmographic Mystery he said: "Likewise, on account of this same approach of the earth to the planets, and recession, in its orb, the very latitudes of the five Planets seem to us to receive some variety; which libration, that Ptolemy might save [it], it was necessary for him to establish five other motions: all of which fall [away], a single motion of the earth being posited." Again, in the Epitome of Copernican Astronomy (bk. 4, p. 537), he affirmed that by the annual motion of the earth very many entanglements in the motion of latitude are removed from the Theoretical doctrine; and (p. 543) he did not hesitate to say: "If, with the earth standing [still], the Epicycles go around—whether according to Ptolemy, or according to Brahe—it will be necessary that those Epicycles, especially of the inferior [planets], variously shake both [their] sides and [their] head and feet—that is, librate doubly; but, with the Earth going [moving], all the orbs are most constantly inclined to the Ecliptic." But in bk. 6 of the same Epitome (p. 771), he inquires whence it is, that Ptolemy made the Epicycles of the Planets librating by a double reciprocation, although nevertheless, from the more recent observations which he had adduced in Mars (ch. 14), the inclination of them is found fixed and constant? And he answers that this came about from the unknown annual motion of the earth: for Ptolemy beheld the limits of the Planetary orbit extended toward certain parts of the Fixed [stars]—which [limits], although in reality they constantly decline from the plane of the Ecliptic, yet, with the Earth going around, the orbit of the Planets seems to extend now its boreal limit, now its austral, now its nodes, toward the Earth. But Ptolemy transcribed the circuit of the Earth to the center of the Epicycles of Venus and Mercury annually running through the Zodiac, and in this Epicycle he called that point which at any time is extended toward the earth the perigee, as though it were unique, although in reality all the parts of this Epicycle in order—(which Copernicus calls the Eccentric)—become perigee successively, by accident. Thus it came about that to Ptolemy the so-named perigee seemed, by a certain libration, to be now in the North, now to be in the Ecliptic itself, now in the South. Which doctrine being handed down, he subjoins this exclamation: "And behold, a most evident argument for the annual motion of the Earth around the Sun. For since the Eccentrics of the Superior [planets] have fixed inclinations to the Ecliptic, why should the Eccentrics of the Inferior alone be established [as] librating, with a double libration—since of itself every libration of orbits is absurd, because it begets a tortuous path of the planet instead of a circular one? As much probability, therefore, as the fixed inclination has, so much does the motion of the earth gain thence; but as much absurdity as the double libration [has], so much also does the immobility of the earth totter." Gathering, therefore, the argument into its formula, it stands thus:


[Margin: Form of the Fourth Argument.]



[XV.] "That hypothesis is to be set before the others through which the latitudes of the five lesser Planets retain a constant angle of inclination to the Ecliptic, without libration of the orbits and tortuosity of the planetary path. But of this kind is the hypothesis of the Earth alone, annually carried through the great orb. Therefore." The Major, at least other things being equal, is evident; for motions are not to be multiplied in vain, much less librations and windings of motions, if the celestial phenomena can be saved otherwise, and without those entanglements. The proof of the Minor has been sufficiently insinuated from what was said (nums. 13 and 14); for by the Earth's approach to the Planets alone, and [its] recession, the variety of the angle occurs by which the orbits of the Planets are inclined to the Plane of the Ecliptic; nor, without this motion of the earth, does it appear how, without other entanglements, that variety can be made and explained.


[Margin: First Response.]



I answer, first, to the Major, by exactly that distinction which I brought forward in the first response to the first argument of this chapter (from num. 5)—which, because it is of great moment, I am neither ashamed nor weary to employ and repeat so often.


[Margin: Second Response.]



I answer, secondly, the Major being granted, by denying the Minor: for both by a single spiral motion toward the sides of the world (made, with looser and tighter coils, by an Intelligence), and in the Tychonic or Danish hypothesis, that constancy of the Inclination can be saved by the aid of the parallelism of the planes, as is plain from the Theory of latitudes of Longomontanus, which we expounded (bk. 7, sect. 4, ch. 4). But that Ptolemy erred in the measure of the inclinations and latitudes, being destitute of suitable observations, this does nothing against the hypothesis of a resting Earth viewed in itself: for the Earth, annually carried through the plane of the Ecliptic—by this very fact, that it is always with its center in the plane of the Ecliptic—cannot vary the latitudes of the Planets, except by optically augmenting the angle of inclination by its approach, and diminishing [it] by its recession; the other [things] which pertain to the latitudes and the regions of latitude, and the motion of the Nodes (deduced from observations), must be saved by some other theory than by the annual motion of the Earth in the Ecliptic. Now if the Planets so attemper their own motion of latitude too to the annual motion of the Sun, that they obtain an equal latitude, and of the same disposition, by this motion as by the motion of the Earth—and so that the inclination of the planetary orbit to the Ecliptic, geometrically derived from such latitude, be perpetually of the same measure (that is, so that the plane of the Epicycle be always parallel to the plane of the Ecliptic)—it will not be necessary that this be performed by the annual motion of the Earth. For Copernicus now confesses that all the Phenomena, in both ways, as to the substance of the truth, can stand saved in either hypothesis. And, that you may see that errors, or the inconstancy of the latitudes and inclinations, do not arise from the hypothesis of a resting Earth in itself, nor [does] the constancy and truth [arise] from the hypothesis of a moving Earth, it pleases [me] to show, from Kepler himself, what, in this matter, not only Ptolemy, but also Copernicus, erred—[and to teach it] through those things which Kepler himself hands down in the Commentaries on Mars (ch. 14), whose title is: "The Planes of the Eccentrics are ATALANTA [ΑΤΑΛΑΝΤΑ]"—that is, Non-librating. First, therefore, he begins thus: "The perplexity of his hypothesis imposed upon Ptolemy [the necessity] that he heaped up many monsters in the doctrine of latitudes. For when he weighed [considered] that the plane of the Epicycle is twisted in all directions, and did not immediately see, through those clouds of his hypothesis, that the plane of the Epicycle is parallel to the plane of the Ecliptic, he feigned a triple latitude, and—that contraries might be propped by contraries—he entirely dislocated his Epicycle from its parallel situation; nor from the credit of observations (which he did not have so frequent), nor from the measure of them where he had [them] (because, distrustful of certainty), he chose the means [middle values], placing the extremes in error." Hence you may see that, in the customary calculation—say, in Magini's Ephemerides—no conjunction of Mars and the Sun occurs at all which is not (as they say) "through the body" [central]. But if this be true, in vain would nature have feigned a tempering of the latitudes, lest, by bodily conjunctions frequently occurring, there should be excessive agitations of the sublunary powers. Thus far concerning Ptolemy—nay, also concerning Magini, who, although he uses Copernican numbers, nevertheless adheres to the Ptolemaic hypothesis. But presently, concerning Copernicus, he proceeds thus: "Copernicus, himself ignorant of his [own] riches, took it upon himself to express Ptolemy entirely, not the nature of things—to which, however, he had approached the nearest of all." On which matter read Rheticus in his narration. For [Copernicus], rejoicing that, by his [posited] approaches of the earth to the stars, the kinds of latitudes are increased, nevertheless did not dare to reject the residual Ptolemaic augmentations of the latitudes (which this approach of the earth would not attain); but, that he might express those too, he feigned librations of the planes of the Eccentrics, by which the angle of inclination (constant and fixed for Ptolemy) would be varied—and that [variation] (which is monstrous-like) not according to the laws of the motions of [the planet's] own Eccentric, but of the earth's orb, plainly alien [to it]; see Copernicus (bk. 6, ch. 1). Behold, then, [that] from the mere hypothesis of a moving Earth the librations of these planes are not avoided, unless, from surer observations, the quantity of the latitudes be first emended. Now let us see whether, in the Tychonic too—and the Ptolemaic, but corrected—hypothesis, that constancy of the inclinations can remain saved. Kepler, therefore, proceeds in the same chapter; and when he had said that he, from the Tychonic observations had about Mars, and in the preceding chapters, had demonstrated—and would prove below (part 5 of the Commentaries) by several arguments—that the declination of the orbit of Mars from the Ecliptic is everywhere constant, and that there is no libration of the inclinations of the Eccentric of Mars, from the observations of Mars almost alone, he thus concludes universally: "And so let us most firmly conclude that the inclination of the planes of the Eccentrics to the Ecliptic—(for why should I not conclude in general what has no cause for being in one single planet [alone]? although I have demonstrated the same, both in Venus and in Mercury, from observations)—varies plainly nothing at all." And let him who follows Ptolemy learn hence that the plane of the Epicycle is perpetually parallel to the plane of the Ecliptic. It suffices, therefore, for removing the entanglements of the librations and conserving the constancy of the inclinations, if [the planes]


[…continues on p. 345 (PDF 380) with the catchword "plano": "…[if the planes be parallel] to the plane of the Ecliptic"—the close of the Fourth Argument, then the Fifth Argument (the Equant), the end of Chapter IX, and the opening of Chapter X.]
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[if the planes of the Ptolemaic Epicycles] (or of the orbs substituted for them) be always parallel to the plane of the Ecliptic, whether this be done with the earth moving or resting; nor is the perigee of the Planet, in which a greater latitude appears, made more by the approach of the Earth to the Planet than [by the approach] of the Planet to the Earth.

Fifth Argument, from the Equant removed by the Annual motion of the Earth


[Margin: Rheticus's opinion against the Ptolemaic Equant.]
[Margin: And Copernicus's.]



[XVI.] This argument is very slight, as will be plain from its solution: and yet Rheticus too called it in [as an advocate], in his First Narration, when, concerning the annual motion of the Earth introduced by Copernicus, he says: "By this single method, the Lord Teacher saw, it could conveniently come about that—what is most proper to circular motion—all the revolutions of the circles in the world should be moved equally and regularly upon their own centers, and not upon alien [ones]." Nay, Copernicus himself (bk. 5, ch. 2), discoursing against the hypotheses of the Ancients, said: "They concede, therefore, here too, that the equality of circular motion can come about around an alien center, and not [its] own," etc. "These and similar [things] furnished us an occasion of thinking, both about the mobility of the earth and in other ways, by which the equality and the principles of the art [astronomy] might remain, and the account of the apparent inequality be rendered more constant." Finally, Galileo (Dialogue 3 On the system of the world) introduces Salviati speaking thus (p. 252 of the Latin version): "Will not all the sect of the Philosophers say that this is a great incongruity—that some body, mobile in a gyre, should be moved irregularly upon its own center, and regularly upon some other point? But such deformed motions exist in the Ptolemaic fabric of the world; whereas in Copernicus all the motions are equable around their own center." Let the argument now be formed in this manner.


[Margin: Fifth Argument, in form.]



[XVII.] "That hypothesis is to be preferred to the others through which alone the absurdity of the Equant circle is removed—that is, of that [circle] in which the Planet is not moved, nor the center of [the orb] carrying the Planet, and yet around its [the equant's] center the Planet is posited to be moved equally; But of this kind is the hypothesis of the Earth alone, annually moved: Therefore, etc." The Major is plain from the Equality due to the celestial motions on their own [circles], but not on alien circles; otherwise, if they are moved equally on alien circles, it is necessary that they be moved unequally around their own center, and so have not only an Optical, but also a Physical or real inequality—which is absurd. The Minor is established at least by the authority of Copernicus, Rheticus, and Galileo, adduced a little before.


[Margin: First Response.]



I answer, first: If the Equant circle—that is, some real inequality in the motion of the Planets—be absurd, I concede the Major; if it be not absurd, I deny the Major: but that it is not absurd, but very congruent to them [the planets] with respect to [their] end, I taught in this book (sect. 2, ch. 4).


[Margin: Second Response.]



I answer, secondly, the Major being granted, I deny the Minor. For the incongruity—if any there be—of the Equant circle, or of the bisected Eccentricity, is removed also in the hypothesis of a resting Earth (as in the Tychonic, Danish, and Our [system]); and conversely it is not removed by the annual motion of the Earth [taken] in itself: which is manifest from this, that Kepler and Bullialdus—who most of all defend the annual motion of the Earth—nevertheless, the Eccentricity of the Planets being bisected, retained the equipollence of the Ptolemaic Equant, and, by moving the Planets in an Ellipse around the two foci, or navels [umbilici], of the Ellipse, conceded that the one inequality is Optical with respect to the one focus, the other Physical with respect to the other—as is clearly established from what was said (bk. 3, chh. 22 and 23; and bk. 7, sect. 2, ch. 5, nums. 12 and 13; where also—and bk. 7, sect. 2, ch. 1, scholio 2—I handed down much for the explanation and use of the Equant). Therefore the imperfection of the Equant, if there be any, is not of itself connected with the hypothesis of a resting Earth, nor of itself torn away from the hypothesis of an Earth going around.


Chapter X, Five Arguments are proposed and dissolved, for the Annual motion of the Earth, taken from the Motions, or Variations, of certain other heavenly things

First Argument, from the diameter, motion, and apparent distance of the Fixed [stars] being varied

[I.] I remember that I read in someone (or at least received from letters sent to me from Germany) that a certain [person] dared to assert that the same Fixed stars seemed to him larger in the Boreal [northern] region when the Earth saw the Sun at the beginning of Capricorn, than when it saw it at the beginning of Cancer: whence he gathered that this happened by the Earth's approach toward the Boreal region, by force of which Arcturus would then seem larger than itself [usual], than when the Earth had receded to the Austral [southern] Region. But also Jean Pena and Johannes Stadius (as I reported, ch. 3, schol. 2) thought that, by the Earth's approach, the motion of the Fixed [stars] seemed swifter, and by [its] recession slower; whom we there refuted.


[Margin: The variety in the magnitude of the Fixed [stars] not demonstrated.]



Rothmann, finally, in Tycho (tome 1, p. 684), said that the distances of the Fixed [stars] among themselves are increased by two minutes by the Earth's approach, and diminished by [its] recession, and that he had observed this. But this is either a plainly arbitrary Fiction—since to us, observing the stars for many years past, nothing of the kind has appeared—or that phenomenon arose from the diverse thickness of vapors in summer and winter nights. Otherwise it is sufficiently plain, from Copernicus himself (bk. 1 of the Revolutions, chh. 5, 6, and 10), that the whole annual orb (through which the Earth is supposed to be moved) has no sensible proportion to the eighth Orb, or the sphere of the Fixed [stars], but is as a point [to it]; and so, whether Arcturus, or any other Fixed [star], be viewed from the Earth [situated] under Cancer, or from the same [Earth situated] under Capricorn, no diversity can of itself appear in either its apparent magnitude or its meridian altitude. Which [diversity], however, if it did appear, the greatest ought to appear in the stars placed in the Ecliptic, but in those distant from the Ecliptic less, and in those which are near the poles of the Ecliptic none—as Galileo demonstrates (Dialogue 3 On the System of the World, from p. 281 of the Latin).

Second Argument, from the Satellites of Jupiter


[Margin: By what method the revolutions of the Jovian Satellites [are] regular.]



[II.] Go to Kepler (in the Epitome of Copernican Astronomy, bk. 4, part 2, p. 537), and you will read in him such an argument: "Marius," says he, "in his Jovian World, found that the restitutions [returns] of the Jovian satellites about Jupiter are by no means regular, which we project [reckon] from the center of the earth toward Jupiter; but that they are regular, if they be compared to lines drawn out from the center of the Sun through Jupiter. Doubtless this is in place of a very great argument, that Jupiter's orbit around the Sun is ordered, and that the distance of the Sun from the center of the Jovian orbit is certain and fixed in a manner: but that the Earth varies its distances from this center through the year." But it can be answered that neither was this demonstrated by Simon Marius, but deduced only from conjectures [that are] not very strong; and, this being granted, [that] it does not follow hence necessarily, or very probably, that the Earth is moved by an annual motion rather than the Sun, but at most that the Sun is the center of the Jovian system; or [that], just as the Sun is the first exemplar of revolving around itself its satellites Mercury, Venus, and Mars, so it belongs to Jupiter to lead around its [own] satellites.


[…continues on p. 346 (PDF 381) with the catchword "III. Ar": "III. Argumentum…"—the Third Argument of Chapter X.]
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Third Argument, from the Lunar Variation and Libration


[Margin: The cause of the Lunar Variation.]



[III.] Tycho observed that, besides the first and second inequality (or anomaly) which the Moon suffers, it has yet a third inequality, more manifest in the Octants [octiles], but ceasing in the Syzygies and quadratures, as we expounded (bk. 4, ch. 18, num. 8, and ch. 26, num. 9). And Tycho and Longomontanus refer the cause of it to a libration of the Lunar Epicycle, as we taught in the same place; but Kepler [refers it] to the illumination of the Sun, and the species [image] of it reflected from the earth onto the Moon, as we expounded in the same [bk. 4, ch. 27, from num. 5, and scholio 6]. But Ismaël Bullialdus (bk. 3 of the Philolaic Astronomy, ch. 11) thinks the truer cause of this Variation to be the Reflection of the line of the Lunar apogee, arising from the annual motion of the Earth, by which the whole Lunar system is carried: for the apogee being advanced, through the reflection, from the Syzygies to the dichotomies [quarters], the Moon hence acquires a new acceleration; but, it being drawn back from the quadratures to the Syzygies, it undergoes a certain slowness in the Zodiac; and this he thinks to be the genuine, proximate, and simple cause of this Variation, the measure of which he investigates afterward (ch. 12). See more on these [things], if you please (our bk. 4, ch. 27, nums. 13 and 14).


[Margin: The cause of the Lunar Libration.]



[IV.] Besides this Variation, there has been observed in the Moon a certain Libration, by force of which the Lunar spots [maculae] appear now nearer, now more remote, to the Eastern and Western limb—so that when the Caspian Spot is most remotely distant from the Western margin of the Moon, then the Spot called by Langren and by us the "Lake of Posidonius" (but Galileo [calls it] the "Corican," Hevelius the "Mareotic") is nearest to the Eastern limb of the Moon, etc.—concerning which libration [I shall say] more below, in the Appendix to book 4, on the Moon. But this libration Galileo, in the Dialogues, said was instituted [established] so that the Moon may keep a certain direction toward the axis of the moving earth: but Bullialdus (bk. 3 of the Philolaic Astronomy, ch. 13) disapproves this, and concludes that the axis of the Moon, upon which that libration is carried out, is either perpendicular to the plane of the Ecliptic, or insensibly inclined to it—perhaps by as great an angle as the planes of the Ecliptic and of the Lunar orbit are inclined to each other, namely about 5⅓ degrees: see the diagram of this matter in us (bk. 4, ch. 9, num. 4). These [things] being premised, let there be the Argument.


[Margin: The argument in form. And the double Response.]



[V.] The Variation of the Lunar motion, and the Libration of the Lunar body, is better explained by supposing the annual motion of the Earth than by supposing [its] rest. Therefore the annual motion of the Earth is to be supposed rather than its rest. It is answered, first, by denying the antecedent, for it is equally well explained by a libration of the Lunar Epicycle, or of the Lunar body itself, according to what is to be said in the Appendix to bk. 4. I answer, secondly, the antecedent being granted, by denying the Consequence—because other things are not equal; nay rather, there are also other greater absurdities in the annual motion of the Earth, the exclusion of which prevails over this very slight convenience by which, through the annual motion of the Earth, a partial cause of the Lunar Variation and Libration could be brought forward; and that Lunar Libration is wholly completed within a month, nor has it any analogy with the annual motion of the earth. Besides which, the [things] which Bullialdus and Hevelius have hitherto divulged about that libration agree neither with themselves nor with our observations; so that, accordingly, one must deliberate on this matter more maturely, and a more uncertain cause is not to be sought from uncertain phenomena.

Fourth Argument, from the New Stars

[VI.] Thomas Digges, an Englishman of Kent, on the occasion of the new star which was seen in the year 1572 in Cassiopeia, thought—that I may use his words, as reported in Tycho (tome 1, p. 658)—that "A handle [opportunity] was offered of trying whether the motion of the Earth, supposed in the theories of Copernicus, will be the sole cause why this star [should be] diminished in apparent magnitude. For if it were so, [the star], always decreasing at the vernal Equinox, would be beheld in its least magnitude. But afterward, if it lasted, gradually increasing, in the following July it would be of nearly the same brilliance as in its first apparition. But at the autumnal Equinox it would seem of unwonted magnitude, and also of splendor." But of such a diversity of the apparent quantities [sizes] no other cause could be assigned than its [the star's] elongations from the Earth. Thus Digges—but with an entirely vain hope: for that star, in the year 1572, around the beginning of November, was seen to exceed Lyra [Vega], Sirius, and Jupiter itself [when] acronychal; but in January of the year 1573, [it was] a little less than Jupiter, but a little greater than Lyra; but in February and March it was seen equal to Lyra; in April and May it matched stars of the second magnitude, and in June, July, August stars of the third rank; but in September, October, and November, more attenuated, it scarcely equaled stars of the fourth class; in December of the year 1573 and January of the year 1574 it was equal to stars of the fifth brilliance, and in February to [those] of the sixth, and at last in March it turned out invisible, as Tycho narrates (tome 1, p. 301). Wherefore it did not change [its] magnitude by that reckoning which the Earth's approach and recession would require: for it ought to have been seen again, in November of the year 1573, equal to Jupiter.


[Margin: Thomas Digges's vain conjecture on the Earth's motion from the new star's magnitude.]



Besides—as Tycho notes against Thomas (p. 660)—it ought to have appeared largest, the Sun being engaged around the beginning of Scorpio and the Earth around the beginning of Taurus; and smallest, the Sun [being] around the beginning of Taurus, but the Earth placed around the beginning of Scorpio, if that diversity had come about from the annual motion of the Earth; for the longitude of the star was around the 7th degree of Taurus. "But let us grant," says Tycho in the same place (from p. 658), "that the star grew and diminished according to the reckoning of its approach to the lands [Earth]; and that it was, as Digges will have it, around the region of Mars, with a parallax of 2 minutes—it would assuredly have suffered the parallax of the annual orb, nor would it have been seen at the autumnal Equinox under the same place of the Fixed [stars], and equally distant from the Fixed [stars] of Cassiopeia, under which it was seen at the vernal Equinox"; and yet Digges confesses, in his treatise on this star, that it, through the whole time of its apparition, stood immovable, and was seen under the same place of the Fixed [stars]. But if he had placed it in the eighth sphere, so great is its distance from the Earth (according to Copernicus) that the diameter of the annual orb is insensible with respect to it, nor could any variation in the apparent magnitude of the star have been detected from the mere approach and recession of the Earth. Since, therefore, that star continually decreased, let Digges acknowledge that it either withdrew itself into the depth of the ether, or gradually perished.

Fifth Argument, from the Trajectory of Comets


[Margin: Kepler's argument for the Annual motion of the Earth from the motion of Comets.]



[VII.] But here Kepler triumphs, in the history of the three Comets which appeared in the year 1618: for there, in the 8th Epicheirema [attempted argument] (which is had on p. 91), he discourses thus: "A rectilinear trajectory of the Comet being posited, and that [trajectory] languishing [slowing] from an even [motion], by decrements gradually ordered [regular]: the Comet of the year 1618 affords a twofold testimony to the motion of the Earth—one by the motion of longitude, the other by the motion of latitude." Concerning the longitude, he contends to prove it thus: that the orbit of the Comet, divided into diurnal motions, appeared divided disorderedly [irregularly]: "But no straight line," says he, "divided into parts by ordered decrements, can appear divided disorderedly, the Earth resting; but it can, if the Earth go around the Sun, and make progressions sensible with respect to the Comet's speed." See his Theorem 30 of the same little work. But concerning the latitude he busies himself to insinuate the same, [namely] that, the latitudes of the Comet being observed, the Comet at two places deflected from the direct path of the great circle toward the Ecliptic—first in Libra and Virgo, and again in Cancer, the Earth deflecting toward the Sun, and [that the comet] declined little from the straight line parallel to the straight line of the trajectory through which he supposes the Comet to have advanced: for by this supposition he concludes (p. 92): "Wherefore the apparent path of the Comet, if indeed the true trajectory keeps its own order of decrements, necessarily becomes tortuous; and conversely, because it was tortuous, [such] was the Comet's path; a rectilinear and ordered trajectory being posited, it follows that the Earth is moved," etc. But on p. 93 he says that he was led to assert the rectilinear motion of the Comets, not from a lust of innovating, but because he found evident causes of many appearances in rectilinear motion, which in a circular motion of the Comet it is not even easy to dream of: and on p. 97, inquiring why the Comets of the years 1607, 1618, and many others, [when] made slow, began to curve their paths, he answers that it was a mere deception of sight, like the stations and regressions of the Planets; and that this arises from the recession of the Earth—for the Comet, much elongated from the Earth, [moving] through a straight line, also much
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[the Comet, much elongated from the Earth, moving through a straight line,] also much diminishes the appearance of latitude, and the progressions in longitude. Lastly (p. 98) he terminates the first booklet with this clause: "Finally, as many as are the Comets in the heaven, so many are the arguments (besides those which are deduced from the motions of the Planets) that the Earth is moved by an annual motion around the Sun. Farewell, Ptolemy; I return to Aristarchus, with Copernicus as [my] leader."


[Margin: The solution of the Fifth Argument.]



But what the appearances of the Comets are, which seem to be better explained by the rectilinear motion of the Comets mixed with the annual motion of the Earth, I have now sufficiently taught from Kepler (bk. 8, sect. 1, ch. 26), where [I treated] of this argument somewhat more fully; and there, from num. 5, [I showed] that this argument—not lacking some probability of itself—is nevertheless dissolved by four instances [counter-examples] adduced against Kepler, to which let the Reader have recourse, lest we be compelled to repeat the same here; and besides, let him remember that the absurdities which are in the annual motion of the Earth (now recounted in ch. 9 of this section, after num. 5) prevail over this little spark of probability [drawn] from the Comets for the annual motion, as [a spark] violently struck out of a flint: especially since Kepler's argument does not proceed absolutely, but from a feigned hypothesis—both of the rectilinear motion of the Comets, and of [their motion] decreasing regularly—but he has demonstrated neither hypothesis. Besides, Tycho would answer with those words which are had in the Epistle written to Magini in the year 1590, on the Calends of December, and is on p. 81 of Magini's Directions of the Prime Mobile, where [he says] thus: "Nay, even the Comets themselves, of which I have spoken—in so far as some of them advanced around the part opposite the Sun—gainsaid the annual motion of the earth asserted by Copernicus: for it [that motion] took nothing away from their appointed course, much less compelled them to be driven backward, or retarded with a slower step, while we looked on."


Chapter XI, Two Arguments are proposed and dissolved, for the Annual Motion of the Earth: one from the Change of the Meridian Line, the other from the Change of the Altitude of the Pole; concerning which many things worthy to be known are reported

[I.] Hitherto we have treated those Arguments which, leaning on true phenomena, have seemed to win some probability for the annual motion of the Earth. Excepting, however, arguments 1 and 5 of the preceding chapter, which—destitute of the truth of the assumed phenomenon—at once collapsed: but in this chapter [we] must fight with mere shadows and dreams; and therefore the victory will be easier, the very falsity of the assumptions being detected. On which occasion, however, two most famous questions—pertaining partly to the doctrine of the Prime Mobile, and partly to Cosmography—will be dispatched: namely, whether the Meridian Line and the Altitude of the Pole are from time to time changed, as some have thought.

First Argument, from the Change of the Meridian Line

[II.] Joseph Scaliger judged that the Meridian Line is changed, not so much from observation as from the Theory of the precessions of the equinoxes: for in that Diatribe of his on the anticipation of the Equinoxes, he seemed to himself to have demonstrated that the poles of the Equinoctial [circle] are diverse from the poles of the World, and that the poles of the Equinoctial circle are mobile, and that hence is the motion of the equinoctial points into the preceding [signs], on account of which the Fixed [stars] seem to be moved into the consequent [signs]: by this argument most of all, that the star which they call the Polar [star], and which is at the extreme tail of the Lesser Bear, was—as it now is—so also of old, in the time of Eratosthenes and Hipparchus (nay, also of Eudoxus), the most northerly of all the stars of this constellation, and yet was distant from the Pole of the celestial Equator of old indeed by 18 degrees, but in the time of Hipparchus by 12 degrees 24′.


[Margin: Scaliger's fiction on the change of the Meridian line.]



But in the year of CHRIST 1600 it would be distant only by 3 degrees 24′. From which fiction, among other corollaries, he likewise deduces this—which for him is the fifth in order, and on p. 70, conceived in these words: "The Meridian Lines designated on a plane change [their] position with the progress of time." For all the Meridian lines, he says there, pass through the poles of the Equator; but the poles of the Equator are mobile; therefore the Meridian lines too are mobile—namely, into the preceding [signs]: and at the end of the Corollary he brings this inference: "As many, therefore, as [there are] equinoctial circles, so many will their poles be; and as often as the poles are changed, so often will the Meridian lines passing through those poles manifestly be changed. For the Meridians do not pass through the poles of the World, but through the poles of the Equinoctial."

[III.] But how false it is that the star at the extreme tail of the Lesser Bear was of old the Polar star, and the most northerly of all, [just] so false it is that the poles of the World are diverse from the poles of the Equator; and accordingly false is what is deduced thence—namely, that both the poles of the Equator, and the Meridian circles, and the Meridian lines their indices, are changed. But whence that false assumption crept into the mind of Scaliger, and the refutation of this fiction, we have already sufficiently indicated (bk. 3, ch. 28, num. 10; and bk. 6, ch. 4, in the Appendix on the polar star, from num. 3); and Scaliger has been abundantly refuted by the most learned men of our Society—Denis Pétau (bk. 3 of the Dissertations of the Uranology) and Paul Guldin (in the Refutation of the Calvisian Elenchus, written against the Gregorian Calendar, bk. 2, chh. 9 and 10). Besides, this change of the Meridian line has been confirmed by no experiment—[a change] such as it ought to be according to the mind of Scaliger, namely, that the northern part of this line should deflect continually toward the West: nor, from this change, if it were granted, can anything be derived for confirming the motion of the Earth; for a change of this kind does not follow from the motion of the Earth, but from the motion of the poles of the Equator: otherwise, if [it followed] from the annual motion of the Earth, it would be necessary that the whole change of the Meridian lines be completed within any [given] year, and the same return as often as the Earth were in the same place of the Ecliptic.


[Margin: Cesare Marsili, an asserter of the change in the Meridian line.]



[IV.] Let us now hear Galileo, at the end of Dialogue 4 On the System of the World (the second page from the end), narrating thus, under the person of Salviati: "There arises at this time a certain fifth novelty, from which the mobility of the terrestrial globe may be argued, through those [things] which the most illustrious Lord Cesare most subtly detects—[Cesare], born of the most noble family of the Marsili of Bologna, and himself enrolled in the College of the Academic Lyncei [Lynxes], who, in a certain most learned writing, hands down that he has observed a certain continuous change—though very slow—in the Meridian line." But how great, and toward what region, that change was observed, and by what methods the observation was carried out, Salviati does not there add. But I could not find this writing, although in the papers of the most excellent Lord Carlo Antonio Manzini I have read certain observations, made in the presence of the aforesaid Lord Cesare Marsili, upon that marble line which Master Egnatio Danti had constructed here at Bologna in the great Temple of St. Petronius, as I reported when [treating] of the Bolognese Gnomon (bk. 3, ch. 6, from num. 3), where I exhibited the diagram of this Gnomon and of the aforesaid marble line: from which line perhaps the occasion was taken of suspecting this change. For some Bolognese think that line, or marble path, laid down by Egnatio Danti in the pavement of St. Petronius, was the Meridian Line—although nevertheless it is not, but deflects from the exact Meridian line toward the East, in its northern part, by 9 degrees 6′ 20″, as I, with Fathers Francesco Maria Grimaldi and Francesco Zeno, detected by a most accurate observation. But the cause why that marble path could not be laid upon the meridian line itself was the obstacle of the wall and of the former column, which is near the steps of the great altar; for that line would have turned out very short, and would not have shown the people evidently the days of the Solstices and Equinoxes, as Egnatio Danti wished at that time, when the question of correcting the Roman Calendar was most agitated, on account of the vernal Equinox having retrograded from the 21st of March to the 11th. But Egnatio Danti himself, in the description of that Gnomon (which is annexed to his Anemography, published in the year 1578), teaches clearly enough that that marble path is not the Meridian Line itself, but declines from the Meridian toward the East in its northern part: since he says that the species [image] of the Sun, or [its] ray,
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[the species or ray of the Sun] descends a little after noon to that marble line. His [Danti's] words are these very [words]: "But since the Sun is not always wont to come at noon (or near [it]) to the points of the Equinoxes, the altitude of the Sun—while it is on the Gnomonic line—will for that cause have to be ascertained, which we shall have from the proportion of the line AB (that is, of the altitude of the Gnomon) to the line from A (the beginning of the Gnomon) and terminated by the Ellipse of the Sun; to which, if there be added that which, after noon, the Sun—by descending to the Gnomon—shall have traversed, and [be compared] with the altitude of the Bolognese Equator, then the Sun will be said," etc.

[V.] But from whatever [source] at last that suspicion arose to Lord Marsili, so long as the change of the Meridian line shall not be demonstrated, it can by no means be persuaded to us; to us, I say, who have long had it explored [proven] by manifold experiment, how fallacious the observation of this line is; and who, on that account, have been forced to flee to new and subtler ways of verifying it—some of which I indicated (bk. 1, ch. 10, in the scholia), and shall hand down more fully in book 10, in the Cosmographic Problems. Meanwhile, refractions are to be guarded against, and the variety of the Solar declinations, and many other [things] impeding the exact perfection of this practical operation. Wherefore I do not wonder that some—as Father Jacobus Vitta once wrote to me from Germany—found a difference between the Meridian line taken from the Fixed stars and [that] taken from the Sun; and again, between [that] taken from the morning Sun and [that] from the afternoon [Sun]: But if it be once exactly acquired, and afterward, by the same method and diligence, after many years, be investigated in the same place of the Earth, I least doubt that the very same will be found.


[Margin: The site of the House of Loreto.]



Of which thing I have an argument from the site of the Most Holy House of Loreto, of the Most Blessed VIRGIN; for the Angels so placed it that, as then, so also now, it exactly faces the four cardinal points of the World, and by one straight line drawn orthogonally [at right angles] from wall to opposite wall it marks the Meridian; but by another [line], cutting this orthogonally, it designates the parallel of the Equator: so that it might be given to understand that this is the safest Asylum, whither mortals could flee from the four parts of the earthly globe.


[Margin: The Meridian line [is] unchangeable.]



Besides, from Copernicus's own hypothesis there rather follows the immutability of the Meridian lines: for, to preserve safe and sound, through the motion of the Earth, all the phenomena which in the usual hypothesis are expounded with the Earth resting, he [Copernicus] established that the axis of the terrestrial Equator should advance always parallel to itself, and into the same parts of the heaven, as we expounded (ch. 4, nums. 16, 22, 23, and 25); and hence it follows that the Meridians are always the same on the terrestrial globe, and perpetually regard the same parts of the world, to the sense; nor could a sensible difference ever be discerned between the meridian lines of the same place, provided they be designed with equal diligence.


[Margin: Galileo's itch in persuading [for] the annual motion of the Earth.]



Wherefore a change of the meridian line would rather stand against [be repugnant to] the Copernican position: which Galileo did not consider, but—from an excessive itch of propping up the annual motion of the Earth from every [source]—as soon as he heard the change of the Meridian line asserted by Marsili, he conceived in [his] mind the hope of hammering out hence too something clever for the annual motion of the Earth. Lastly, the magnetism of the Earth itself—which Galileo did not disapprove—requires that its axis, immovably turned perpetually toward the same points of the heaven, should most constantly keep its position, as William Gilbert teaches clearly (bk. 6 On the Magnet, ch. 2), Cabeo (bk. 2, ch. 4), and


[Margin: The immobility of the terrestrial globe.]



Zucchi (in the new Philosophy of Machines, part 5, sect. 10). Wherefore we do not yet believe what Athanasius Kircher (bk. 2 of the Magnet, p. 489) promises he will demonstrate from statical principles—that the terrestrial globe has changed its position through all the ages; for he has not yet demonstrated it, nor indeed do the changes of heavy [bodies] which occur on the surface of the earth suffice for a motion of trepidation, since they are so slight with respect to the whole terrestrial globe (and to the air to be pushed around it) that they do not equal the slenderest atom added to a huge balance. Although this motion of trepidation would do nothing toward the change of the Meridian line, or toward establishing the annual motion of the Earth.

Second Argument, from the Change of the Altitude of the Pole

[VI.] Two [questions] of not least moment offer themselves here for us to inquire into: first, Whether the altitudes of the Pole in the same places of the earth are changed, by some annual or secular variation; then, Whether from such a variation (if we were certain of it) the annual motion of the Earth follows.


[Margin: Pliny's account of the change of the equinoctial shadow.]



And as to the first, Pliny seems to have furnished a handle to both this question (bk. 36, ch. 10) by this narration: "To the obelisk which is in the Campus Martius, the Divine Augustus added a marvelous use, for ascertaining the shadows of the Sun and the magnitudes of the days and nights—a stone being laid down to the magnitude [length] of the obelisk, to which the shadow at Rome would be made equal on the day completed at the sixth hour, and [which shadow] gradually, by rules [rods] of bronze inset, should decrease day by day, and again increase. A thing worthy to be known, and of fertile genius. Manilius the Mathematician added a gilded ball to the apex, by whose summit the shadow would be gathered into itself, [the shadow] darting forth one increment after another from the apex—the reckoning [being] understood, as they say, from the head of a man. This observation now, for nearly thirty years, does not agree [is no longer consistent]—whether the course of the Sun itself and of the heaven being in some way changed [out of tune]; or the whole earth being somewhat moved from its center, as I gather it has been detected in other places too; or by tremors of the globe, the gnomon there being merely twisted; or by inundations of the Tiber, a settling of the mass being made—although, to [match] the height of the imposed thing [the obelisk], foundations are said to have been cast in the earth too." From which words nothing certain or probable can be gathered for the motion of the whole Earth, but only the signs of Pliny's wavering mind. But it is more credible that that error arose partly from the day of the true Equinox, falsely noted in the Calendar and used as immovable—so that accordingly the equinoctial shadow would not seem as great as it was thought it ought to be; partly from the settling of the laid stone, on account of the trodden-down soil over nearly a whole century, so that on that account that marble path did not, in Pliny's time, make a right angle with the perpendicular line of the Obelisk, as it had made in the time of Augustus. But Scaliger (in the Diatribe of the Equinoxes, p. 72), abusing this passage of Pliny, and asserting that no variation was made in the obelisk or the settling of the stone, refers the whole variety to the change of the meridian line. Dismissing Pliny and Scaliger, therefore, let us descend to more recent Authors.


[Margin: Domenico Maria's opinion on the changed altitudes of the Pole.]



[VII.] Toward the end of the fourteenth [i.e. fifteenth] century, Domenico Maria of Ferrara, a man endowed with the highest genius, and the teacher of Nicolaus Copernicus, was the first—that I know of—who roused this opinion concerning the change of the altitude of the pole, in a certain treatise or prophecy published at Bologna in the year 1489; from which Magini (Canon 8 of the Secondary Mobiles) and William Gilbert (bk. 6 On the Magnet, ch. 2) selected these words: "I," says Domenico Maria, "in former years, contemplating Ptolemy's Geography, found that the elevations of the North pole placed by him, in the individual regions, fall short, by one degree and ten minutes, of those which are of our time: which diversity can by no means be ascribed to a fault of the table. For it is not credible that the whole series of the book was equally corrupted in the numbers of the tables. Therefore it is necessary to concede that the North pole has been carried toward the vertical point [zenith]. And so the observation of a long time has now begun to detect for us [things] which lay hid from our forefathers—not indeed from their sloth, but because they lacked the long-time observation of their predecessors. For very few places, before Ptolemy, were observed in the elevations of the pole; as he himself testifies in the beginning of his Geography: for he says, 'Hipparchus alone has handed down to us the latitudes of a few places; but very many of the distances—especially those which inclined toward the rising or setting of the Sun—were conceived from a certain general tradition, not from the sloth of the authors themselves, but because there was not yet a use of a more diligent Mathematics.' It is no wonder, therefore, if the earlier [astronomers] did not perceive this very slow motion: for it manifests itself, in one thousand and seventy years, as carried by nearly one degree toward the zenith of the inhabitants. This is indicated by the narrowness of the Strait of Gades [Gibraltar], where, in Ptolemy's time, the North pole appeared elevated 36¼ degrees from the horizon, but now [appears elevated] 37 and two-fifths. A like diversity is indicated also by Leucopetra of Calabria, and the individual places of Italy—those, namely, which have not changed up to our times. And so, from this motion, the places which are now inhabited will at last become deserted, and others, which are now baked by the torrid Zone, will (though over a long space of time) be brought to our temperateness of climate.


[Margin: The period of this feigned change.]



So that, in the course of three hundred ninety-five thousand [395,000] years, that slowest motion is completed." Moreover, to this fancy of Domenico Maria there subscribed [agreed] Giordano Bruno of Nola, a zealot of very many novelties, in his books On the Maximum and the Immense, and On the Infinite and In[numerable]
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[On the Infinite] and the Innumerable (p. 306). And—what you may wonder at more—Giovanni Antonio Magini, in the tables of the Secondary Mobiles (Canon 8), where he says that he augmented the latitudes of places in his catalogue, on account of the more recent observations of Pietro Pitati and others, who found them increased and greater than in Ptolemy's time: and he adds, "Nay, [I think] that the latitudes of other places of Ptolemy too ought to be augmented—both for this [reason] and by the authority of Domenico Maria of Ferrara"; whom we judge—[Domenico Maria], endowed with a divine genius, was the teacher of Nicolaus Copernicus, whose opinion on this matter it pleases [me] to communicate to the studious, especially since I know that his writings cannot so easily come to anyone's hands: for he, in a certain old prophecy printed at Bologna in the year 1489, prefixes these words: "I, in former years," etc.—which we reported above.


[Margin: Johannes Stadius's opinion on this change, but a different one.]



[VIII.] A plainly contrary reckoning in this change Johannes Stadius asserted, in the history of Astronomy prefixed to the Bergen tables, following Jean Pena (though with his name suppressed)—(concerning whom enough has been said in ch. 3 of this section, from scholio 2): he affirms that the center of the earth, while the motion of the Fixed [stars] is accelerated, is raised; but while it slows, descends—so that hence it is necessary that the earth be moved up and down, and not be the center of the universe. For the confirmation of which fancy he calls in Pliny (already adduced by us, num. 6), and he says: "It was detected, in Pliny's century, that the whole earth was somewhat moved from its center; and the same [thing], decreasing hitherto in various places since Ptolemy's age, and the latitude of cities and regions manifestly betraying itself. And, that we may confirm the matter by an example, Ptolemy reckons the latitude of Rome, in the Geographics, as 41⅔ degrees; and—lest you allege that some error crept into Ptolemy—in the city of Rome, on the day of the Equinox, a ninth part of the gnomon is wanting to the shadow, as Pliny reports and Vitruvius testifies (in the ninth book). But since, two sides of a right-angled triangle around the earth being given, each of the angles is given, [so] here (because 8 and 9 are given) the other of the acute [angles] is also given [as] 48⅓ degrees, which subtends the altitude of the Sun above the horizon; but the other, of 41⅔ degrees, by which the Equator declined from the vertical point of Rome—or [which] defined the latitude of the city of Rome, as Ptolemy recently [did], as 41 degrees 40 minutes. But the observation of the more recent [astronomers], as Erasmus Reinhold reports, yields the same [latitude], in this our century, [as] 41 degrees with a sextant [41°10′]—so that you may doubt whether you would prove that a half of one degree has decreased in the center of the world, or by the obliquation of the earth." And so Stadius will have it that the altitudes of the pole, from Ptolemy to these times, have been diminished—which Domenico Maria and Magini thought to have been augmented. But as to the part in which he leans on an unequal motion of the fixed [stars], we have already refuted his opinion and Pena's in the scholia of chapter 3; the rest will be refuted presently, when we shall have reviewed the opinions of others.


[Margin: Rothmann's opinion on the changed altitude of the Pole.]
[Margin: Alexandre Caligny's observation on the change of the plumb-line.]



[IX.] After this, Christopher Rothmann, the Mathematician of the Landgrave of Hesse, reported to Tycho—as Tycho himself narrates (tome 1 of the Progymnasmata, p. 684)—that "he had sometimes noticed that the altitude of the Pole exhibits itself otherwise, by one or another minute, in summer than in winter; and that at one time rather than another the intervals of certain Fixed [stars]—especially [ones] separated by a great interval—are given [as differing], which undergo a variation of about two minutes." And hence he judged it [to be] rendered probable that the Earth does not perpetually, immovably, occupy the center of the universe. But at last Pierre Gassendi, at the end of the Judgment on the nine stars seen around Jupiter, narrates a certain observation made by Alexandre de Caligny, which, if it were true, would be an argument that the Earth librates in some meridian, and varies the altitudes of the pole by its libration. For he says that he [Caligny] suspended a plumb-line from a height of thirty feet, and enclosed [it] in a tube, that it might be safe from the agitations of the air; and that he affixed beneath the lead of the plumb-line a point [cusp], and beneath that point inclining downward—when the plumb-line was at rest—he placed another point, perpendicularly erected and fixed in a cube: these [things] being prepared, he observed that the point of the plumb-line, for six hours, was moved from North to South, but bending toward the East; but for six [hours] from South to North, by a bent path toward the West; and that, at noon indeed, it reached the limit of [its] excursion into the South, and again at midnight. From this observation, had through a month, Caligny concluded that there is a certain motion of the Earth from the Southwest [Africus] to the Northeast [Caecias], and from the Northeast to the Southwest; and that to this motion the access and recess of the marine tide is rather to be ascribed than to the Galilean motion of the Earth. To this observation Gassendi, though with suspended assent, nevertheless does not so gainsay [it] but that he doubts whether the observers of celestial things should be admonished that, in taking the altitude of the pole by the meridian altitudes of the Polar star, they should beware of those hours in which the altitude of the culminating star is not the same: for, if the Earth thus nods [librates], the altitude of the stars is not the same at midnight and at the sixth hour; but [that] in this century the greatest altitude of the polar star is to be observed, in Europe, around the sixth hour of evening, but the least around the sixth hour of morning.


[Margin: Epilogue of the three opinions adduced.]



[X.] Three opinions, therefore, have we hitherto obtained concerning the change of the altitudes of the Pole. The first, concerning this change, but [as] secular—that is, not sensible except by the lapse of centuries—whether augmenting these altitudes (as Domenico Maria, Giordano Bruno, and Magini judged), or diminishing [them] (as Johannes Stadius). The second, concerning an annual change, on account of the annual approach and recession of the earth to the Fixed [stars], which was Christopher Rothmann's. The third, concerning a diurnal change, on account of a libration of the Earth from the Southwest to the Northeast and back, recurring twice daily to the same [point], which Alexandre de Caligny affirmed, and Pierre Gassendi did not deny. These, in order, we now undertake to refute, and much more accurately than [they have done]


[Margin: Authors asserting the Immutability of the altitudes of the Pole.]



against Domenico Maria, Stadius, Magini, and Rothmann—[namely] William Gilbert (bk. 6 On the Magnet, ch. 2), Tycho (tome 1 of the Progymnasmata, p. 684, and in the Mechanics of the Restored Astronomy, p. 8 before the end; and also in a certain Epistle to Giovanni Antonio Magini, given on the Calends of December of the old year, in the year 1590, which we have before the tables of the Directions of the Prime Mobile of Magini himself, p. 82), Kepler (in the Optical Astronomy, p. 148), and Willebrord Snell (bk. 1, ch. 8 of the Batavian Eratosthenes), where, concerning Domenico Maria fabricating great [things] from very few little observations, he says: "Here he makes for us an elephant out of a gnat; for if he had examined Ptolemy a little more diligently, he could have discharged this prophecy with no labor."


[Margin: First Argument, for the immutability of the altitudes of the Pole.]
[Margin: Second Argument.]



[XI.] First, therefore, against Domenico Maria and his followers there is, first, the magnetism of the Earth—which (as Gilbert, Cabeo, and Zucchi, already reviewed above, contend) requires that its axis immovably persist in the same position toward the same points of the heaven, and so that the altitudes of the Pole be not varied. Then, that a just comparison could be made between the altitudes of the Pole of the same place taken anciently and recently, it would be necessary that both were most exact; but it is sufficiently established that those taken anciently were not so exquisite [precise], for many causes: first, on account of the neglected parallax and refraction of the Sun—not only in the solstitial altitudes of the Sun, but also and especially in the measurement of the longest and shortest day of the year, from which it is established that Ptolemy, in the Geography, determined very many altitudes of the pole, or latitudes of places; for the horizontal refractions apparently augment the diurnal quantity [length of day], since, by raising the Sun, they make it seem to rise sooner and set later than the obliquity of the horizon and the declination of the Sun would require; and that more in winter than in summer. It could happen, therefore, that a diversity of refractions—prevailing at diverse times on the same horizon—would produce a diversity of the altitude of the pole: which business, indicated by Gilbert (bk. 6, ch. 2), is illustrated by Kepler (in the Optics, p. 148), and is not omitted by Tycho. Besides, when the altitude of the pole was deduced by the ancients from the proportion of the equinoctial shadow to the Gnomon—the terminus of the shadow being given, and the angle of the Gnomon (right) being applied most exactly—nevertheless, neither did the Equinox occur at noon, and the variation of the declination on the equinoctial days was great, nor even was the day due to the Astronomical Equinox certain to the observers; or assuredly, in all these [matters], some suspicion of error lurks, rendering those altitudes uncertain. But what was most of all a fault in those observations [is that], for the altitude of the center of the Sun, the altitude of the upper limb of the Sun was used—inasmuch as it terminates the extremity of the shadow by its ray—whereas it would be necessary to subtract from that altitude the apparent semidiameter of the Sun. Which we have shown by several examples in our Geographic book, and which we shall make manifest [in] certain [examples] a little below: which very fault in those observations Snell noted in his Batavian Eratosthenes (bk. 1). Suppose, then (which could easily have happened), that there was an error of a whole day in the moment of the Equinox, and that the observation of the equinoctial shadow was begun on the 25th of March—on which the civil Calendar marked the day of the Equinox—but [that] the [true] Equi-


[…continues on p. 350 (PDF 385) with the catchword "Aequi": "…[the true] Equinox [was on another day]"—the rest of Riccioli's refutation of the changed-pole-altitude opinions.]





(printed p. 350 — within Chapter XI, continuing the refutation of changed pole-altitudes: equinox-day errors could produce the whole apparent discrepancy, as the spread of modern latitude determinations shows. Domenico Maria's claimed uniform increase is refuted by worked examples of Rome and Alexandria, where correcting for the solar semidiameter reconciles ancient and modern values; a comparison table is announced.)
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[the true] Equinox was at noon of the 24th or 26th day. Behold, hence an error of 24 minutes—since indeed from the Table of the solar declinations it is established that, on the days nearest the Equinox, the declination of the Sun is varied by whole single minutes for each single hour; add to this error an error of about 16 minutes, which are in the apparent semidiameter of the Sun: do you not see that there could thence arise an error of 40 minutes in estimating the altitude of the pole, or of a whole degree and more, if the observation was made two days before or after the true Equinox? What if Ptolemy determined some of these from a conjecture of the position of the regions—which Gilbert suspects (bk. 6 On the Magnet, ch. 2), saying: "Since Ptolemy received only certain latitudes from Hipparchus, nor himself observed them in very many places: it is likely that he, the position of the regions being known, estimated the latitude of cities only by a probable conjecture, which he then commended to the tables. So one may see, in our Britain, that the latitudes of cities err by two or three degrees, as experience teaches. Wherefore by no means from these errors is a new motion to be introduced, nor is the renowned magnetic nature of the Earth to be deformed by an opinion so lightly conceived." And this indeed was the cause why Tycho (in the Mechanics of the Restored Astronomy, p. 8 before the end) vehemently wished, from the Venetian Republic, that it would send to Alexandria of Egypt skilled men who might exactly take the polar altitude of that city—both for other ends, and that, it being compared with the altitude formerly taken by Ptolemy (accurately enough, as it is fair to believe), it might be defined whether the altitudes of the Pole are changed by lapse of time, or not. For other altitudes, not observed by Ptolemy but handed down on the faith of others or by his own conjecture, he judged [we] should by no means trust. But our Clavius too, in the Sphere (p. 284 by my [copy]), professes that the latitudes of places assigned by Ptolemy not rarely stray from the truth by one or another degree. But not even the more recent [astronomers] were always so exact in this business that they incurred the error of no minute, as presently we shall see concerning the altitude of the pole of Rome; and concerning the Parisian [latitude] it is worthy of note—since indeed, by observing it, Oronce [Finé] found it Gr. 48° 40′, Viète Gr. 48° 49′, Gassendi and Hortensius Gr. 48° 42′ or 43′, Hérigone Gr. 48° 55′, Fr. Georg Furner Gr. 48° 50′—whether that arose from the diverse magnitude, placement, and use of the instruments, or from parallax, or from elsewhere.


[Margin: The latitudes of places of Ptolemy variable.]
[Margin: The varying altitude of the Pole at Paris.]



It is no wonder, therefore, if Rothmann could obtain the altitude of the pole of Kassel as differing by two minutes at different times of the year; wherefore deservedly Tycho (tome 1, p. 684) reprehends him, in that, on account of this difference—easily arisen from error—he did not hesitate to build up a motion of the Earth. Especially since, from the Hessian observations which Willebrord Snell published, it is established that, on account of a badly-placed instrument, the Kassel altitude of the pole was found to differ from itself by several minutes. Which very [thing] happened to Tycho in the Prague altitude, as the same Snell reports in the Bohemian observations; for first he found it grad. 50° 6′, and so much did Longomontanus, Kepler, [and] Lansberg put in their Catalogues, but afterward he detected Gr. 50° 4′ 30″.


[Margin: Rothmann reprehended on the altitude of the pole. — The Prague altitude of the Pole.]



[XII.] But be it that neither the observations of the Ancients nor of the Recent [astronomers] were erroneous in observing the altitude of the pole: yet, that the divination of Domenico Maria might be true, it would be necessary that all, or very many, altitudes of the pole observed by the ancients, and compared with the more recent, were increased—and indeed by 70 minutes from Ptolemy up to the Year of the Lord 1490; but this is false. For some were rather diminished, some were found of the same quantity as of old; some indeed were increased, but by much fewer, or by more, minutes than 70′. Which is to be shown by several examples; the beginning, as is fitting, being made from Rome. At Rome, therefore, about the times of Augustus, the equinoctial shadow to the Gnomon was found to have the proportion which 8 has to 9, as Vitruvius (bk. 9, ch. 8) and Pliny (bk. 2, ch. 72) expressly affirm. From these two sides, by the rules of rectilinear and right-angled triangles, the meridian altitude of the upper limb of the Sun is gathered to have been, at the Equinoxes, Gr. 48° 22′; but the semidiameter of the Sun being subtracted, or about 16′, there remains G. 48° 6′. So great, therefore, was then the meridian altitude of the Sun at Rome, if we neglect parallax (which for us does not exceed 30″), and suppose [it] to be selected, in that proportion 8 to 9, from many observations—that one [observation] was employed in which the Equinox was celebrated at noon itself, or as nearly as possible; and thus the complement of the altitude to the quadrant—the altitude of the pole—would be Gr. 41° 54′.


[Margin: The altitude of the Pole of Rome examined.]



But Ptolemy puts it Gr. 41° 40′; because from the Almagest (bk. 2, chh. 5 & 6) it is established that he, from the altitude of the pole, deduced the meridian equinoctial and solstitial shadow, and conversely from these shadows the altitude of the pole—no account or mention being made of the solar semidiameter; wherefore he used the equinoctial shadow made from the upper limb, which gives the altitude of the limb Gr. 48° 22′, or roundly 20′, and assumed for the altitude of the pole the complement Gr. 41° 38′, or roundly 40′. Therefore, the semidiameter of the Sun, 16′, being added to this altitude of the pole, it comes out, as above, the altitude of the pole Gr. 41° 54′ or 56′; nor can Ptolemy otherwise be reconciled with Vitruvius and Pliny. But now Clavius in the Sphere, from more recent observations, puts it Gr. 41° 56′. But Latino Orsini (part 3 of the Latin Radius, ch. 5), from his own observation, puts it Gr. 41° 54′—as much as Bellarmato and Magini also put in their Geographic tables. Be it that Tycho, in the Epistle to Magini (which is had on folio 81 in Magini's Directions of the Prime Mobile), from the observation of Regiomontanus when he was at Rome, gathers it [as] Gr. 42°—as much as the Alphonsine and Rudolphine tables put.


[Margin: Ptolemy's errors in the altitudes of the Pole.]



So great, therefore, is it now as of old; nor, as Domenico Maria will have it, is it increased by a sensible and evident difference, if we follow Ptolemy corrected and reconciled with Vitruvius and Pliny; and much less is it increased by 70 minutes. But if Domenico Maria should contend that Ptolemy is not to be corrected, but that his numbers are to be taken as they lie, I shall show too either that Ptolemy contradicts himself, or that the altitude of the Pole of Rome was not less of old than now. For indeed in table 6 of Europe Ptolemy says the longest day observed at Rome [was] of 15 hours 5′; therefore the semidiurnal arc was of 7 hours 32½′, or of 113° 7′, whose complement to the semicircle gives the inferior angle at the pole of the world Gr. 66° 53′; with which, and with the complement of the maximum declination of the Sun (which in truth was then also Gr. 66° 30′, as I showed bk. 3, ch. 27), there follows—by the second [case] of right-angled spherical triangles—the altitude of the pole of Rome Gr. 42° 5′. But if the semidiurnal time, on account of the refractions augmenting it, we diminish (from our observation) by about 4′—that is, increase the inferior angle at the pole of the world by one degree—the altitude of the pole comes out Gr. 40° 53′, which is repugnant to Ptolemy, who puts it in his Tables Gr. 41° 40′; nay, if we were to use the obliquity of the Ecliptic asserted by him, Gr. 23° 51½′, the altitude of the pole of Rome would come out Gr. 40° 25′, which is much more repugnant to Ptolemy. Thus it does not profit Domenico Maria to adhere to an uncorrected Ptolemy.


[Margin: The altitude of the Pole of Alexandria examined.]



But behold another argument of a correction to be applied to Ptolemy, on account of the neglected semidiameter of the Sun. And indeed in the altitude of the Pole of Alexandria of Egypt. For there, by the testimony of Vitruvius (bk. 9, ch. 8), the equinoctial shadow to the gnomon was found as 3 to 5. Let it now be made: as 3 to 5, so the whole Sine of seven ciphers [10,000,000] to 16,666,666, which is the Tangent of Gr. 59° 2′; and the altitude of the upper limb of the Sun is had, namely Gr. 59° 2′; from which, if you take away the semidiameter of the Sun, 16′, there is left Gr. 58° 46′; and therefore the altitude of the Pole of Alexandria [is] Gr. 31° 14′. But if the Sun's semidiameter be not taken away, the altitude of the Pole would be Gr. 30° 58′, as much as Ptolemy precisely puts (bk. 5 of the Almagest, ch. 13, and bk. 4 of the Geography, table 13). It appears therefore that he, on account of the neglected semidiameter of the Sun, erred by 16 minutes.


[Margin: Gemma Frisius and Snell fallen [into the same error].]



Into which error—what is more to be wondered at—fell not only Gemma Frisius (ch. 21 of the Astronomical Radius), but also Willebrord Snell (bk. 1 of the Batavian Eratosthenes, ch. 8); for from the proportion 3 to 5 they gathered the altitude of the Sun Gr. 59° 2′ and of the pole Gr. 30° 58′, whereas that was the altitude of the limb, not of the center, of the Sun. Into a similar error to this I detected a man here at Bologna had fallen—otherwise most consummate in Geometry and Astronomy—who, measuring the altitude from the reversed shadow [umbra versa], and taking from the altitude of the lower limb the semidiameter of the Sun (which he ought to have added), differed from us by a whole 32′.

[XIII.] But that the inconstant difference between the altitudes of the Pole handed down by Ptolemy, and [those] more accurately observed in these last times, may appear, I shall select from my Geographic book the following [ones], that the falsity of the opinion of Domenico Maria may be made manifest.


[…continues on p. 351 (PDF 386) with the catchword "Alti[tudines]": the comparison table "Altitudes of the Pole according to Ptolemy compared with the Observations of more recent [astronomers]," followed by the close of the refutation and the opening of Chapter XII.]
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	Names of Places
	Ptolemy (G. ′)
	Others (G. ′)
	From the Observations of





	Aquæ Sextiæ (Aix)
	43 45
	43 33
	Pierre Gassendi



	Avennio (Avignon)
	44 0
	43 53
	Anton. Franç. Payen



	Augusta Vindelicorum (Augsburg)
	46 20
	48 22
	Paul Hainzel



	Barcinon (Barcelona)
	41 0
	41 26
	Fr. Joh. Bapt. Cysat



	Bononia / Felsina (Bologna)
	43 30
	44 29½
	Our [own] observations



	Florentia (Florence)
	43 0
	43 40
	Egnatio Danti



	Genua (Genoa)
	42 50
	44 27
	Vincenzo Renieri



	Londinum (London)
	54 0
	51 32
	Wright & Brigg(?)



	Lugdunum Batavorum (Leiden)
	53 20
	52 10
	Willebrord Snell



	Maiorica (Majorca)
	39 15
	39 35
	Vincenzo Muti



	Massilia (Marseille)
	43 6
	43 20 (or 17)
	Gassendi, or others, from Raynaud's letters



	Messana (Messina)
	38 30
	38 11
	Carlo Ventimiglia



	Mutina (Modena)
	43 40
	44 40
	Fr. Franc. M. Grimaldi



	Panormus (Palermo)
	37 0
	38 10
	Carlo Ventimiglia



	Parisii (Paris)
	48 30
	48 50
	Fr. Georg Furner



	Parma
	43 30
	44 51
	From our observation



	Pisa
	42 45
	43 28
	Vincenzo Renieri



	Ravenna
	44 0
	44 24
	From our [observers]



	Regium Lepidi (Reggio)
	43 30
	44 44
	Antonio Rocca



	Tolosa (Toulouse)
	44 15
	43 30
	Jean Fernel



	Valentia Hispania (Valencia)
	39 0
	39 30
	Jerónimo Muñoz



	Vlyssipo (Lisbon)
	40 10
	38 40 (or 38)
	Pedro Nunes / our [observers]





[XIV.] Thus far against the first opinion—[namely] of the altitude of the pole varying, but after many years, by a certain quasi-secular change—which, however, [even if] granted, nothing would be concluded for the annual motion of the Earth. But there followed the second opinion, of Rothmann, asserting that the altitudes of the pole are varied yearly, on account of the annual motion of the Earth, so that one [altitude] is taken in winter, another in summer, as the greatest; which, however, since it does not extend beyond 2 minutes, it is very easy to reject that variety upon the instruments, or the use of the instruments, as we have already said: yet, this being admitted, Tycho judged (tome 1 of the Progymnasmata, p. 685) that thence the annual motion of the earth could probably be gathered.


[Margin: Galileo's doctrine on the change of the altitude of the Fixed [stars] on account of the annual motion of the Earth.]



But Galileo (Dialogue 3 On the System of the World, from Latin p. 276) teaches that no change in the pole would hence be detected, because the axis of the Earth does not regard the fixed pole itself in the heaven, but one point and another; but that a change would appear in the altitude of some fixed star seen, and in its distance from the pole, if by Copernicus some sensible parallax in the fixed [stars] were admitted on account of the diameter of the annual orb: such a change, however, he tries to show (p. 282) would not appear, by force of the annual motion, in any Fixed [stars] which are in the Ecliptic—granted that they would appear larger than themselves, the Earth approaching them; but in stars placed outside the plane of the Ecliptic, a change would appear in the meridian altitude the greater, the more they were distant from the Ecliptic; but in the apparent magnitude so much the smaller a change, so that, if any star be nearest the pole of the world, it would appear of the same magnitude the whole year, but in the elevation above the horizon so much the greater a diversity would appear to one observing the same star once, and again after six months, [by] how much greater the proportion of the annual orb to the Eighth sphere will be.


[Margin: Galileo's lapse.]



But here Galileo errs (says Fr. Francesco Maria Grimaldi): for, for example, to an inhabitant of the right sphere, a Fixed [star] in the beginning of Cancer ♋—though in the Ecliptic itself—if the annual orb be supposed very great, will have a much smaller meridian altitude when the Earth is placed in the beginning of Cancer ♋ than when placed in Libra ♎ or Aries ♈. Nay, while the earth is under Aries ♈, that Fixed [star] will rise to this inhabitant at midnight itself, and after 6 hours will be in the Meridian, if the annual orb have no proportion to the sphere of the Fixed [stars]; but far otherwise if [it be] great: as will easily be clear to one viewing the Copernican sphere. But since Copernicus—as Tycho too noted above—knew that these diversities do not appear, nor could the immutability of these altitudes and magnitudes consist [with each other], the Earth's annual motion being posited, if the proportion of the diameter of the annual orb to the diameter of the Fixed [stars] were sensible—for that reason he established that proportion to be insensible, and the diameter of the annual orb to be, with respect to the diameter of the Sphere of the Fixed [stars], as a point.

[XV.] To the experiment of Alexandre Caligny we answer with an experiment made by us quite to the contrary: For a plumb-line, suspended by us from a similar height in a chamber closed on every side, and a little line drawn perpendicularly and most subtly against the silken thread upon a white little board, near the lead—within half an hour so came to rest that the thread coincided exactly with that line, nor wavered hither and thither with any sensible quivering, even if, a mirror being placed beneath and a point [cusp] fixed in the lead, it were observed from below [to see] whether any motion were detected in it; which I formerly experienced at Ferrara, and afterward at Bologna, more than once, Fr. Francesco Maria Grimaldi being witness. Wherefore I cannot but believe my own eyes; and perhaps to Caligny the opposite befell, on account of a twisted thread of the plumb-line, or a tremor of the place whence he had suspended the plumb-line, or [for] another cause. But see what I have said about these [things] (bk. 2, ch. 21, scholia 2 & 3). Although, even if we should concede this to him, not thence [could] the annual motion of the Earth, but a diurnal libration at most, be gathered. Let now Argument 2 be of this kind, with its response.


[Margin: Second Argument and Response.]



[XVI.] The altitudes of the Pole are changed, either by a long course of ages, or yearly, or daily; therefore the Earth is moved by an annual motion.

It is answered, first: by denying the Antecedent—as concerning the secular change is clear from the things said from number 11 to 13 inclusive; concerning the annual indeed, under the end of num. 11 and num. 14; but concerning the diurnal, from the things said at num. 15.

I answer, secondly: the Antecedent being granted as to the first and last part, I deny the Consequence; for from those changes there would not be gathered an annual motion of the Earth in the Ecliptic, but some libration, requiring for its period either many ages, or a day or half a day only.


Chapter XII, An Argument is proposed and dissolved for the Annual Motion of the Earth, taken from the motion of the Sunspots; and on that occasion the Doctrine concerning these Spots, handed down by Galileo and Scheiner, is reduced into an Epitome, that this Argument and its solution may the more clearly be set forth

[I.] Since Galileo (Dialogue 3 On the System of the World, Ptolemaic and Copernican) endeavored, even from the sunspots themselves, to besmirch and destroy the annual motion of the Sun and to paint an annual motion upon the Earth—nay, numbered this among the three strongest arguments for the motion of the Earth (Dialogue 4, the penultimate page), saying: "Therefore, from the colloquies held during that four-day [conversation], we have remarkable testimonies for the Copernican system, from which these three [are] taken: the first, from the station and retrogradation of the Planets, and their approaches and elongations from the earth; the second, from the revolution of the Sun upon itself, and from those [things] which are observed in its Spots; the third, from the flux and reflux of the Sea; [these] seem to have a most evident force of concluding"—since, I say, he attributed so much to this argument, it behooves us, lest we seem to have failed in a duty once undertaken, to scrutinize this ford more diligently; and, this opportunity being offered, to explain the Motion of these Spots, in this place more easy of understanding for Readers already practiced, than it would perhaps have been [in] bk. 3, ch. 3.

[I.] First, therefore, Galileo—as he himself narrates in the history of the Solar Spots, written in three letters to Markus Welser—


[…continues on p. 352 (PDF 387) with the catchword "scriptis": "…written [to Markus Welser]"—the beginning of the Epitome of the Galileo–Scheiner sunspot doctrine. (The Epitome here restarts its own internal numbering at "I.")]





(printed p. 352 — within Chapter XII, the Epitome of the Galileo–Scheiner sunspot doctrine: Galileo's letters to Welser establish that the spots are contiguous to the Sun, real, cloud-like, sharing a common rotation of about a month within a middle zone. The page then turns to Dialogue 3, where Galileo calls the sunspots a most clear witness for the Earth's annual motion and recounts his discovery.)
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[Margin: Galileo's opinions on the Solar Spots, from his own Epistles.]
[Margin: From the 1st Epistle.]



written [to Markus Welser], who had forewarned him of these observations published a little before by our Apelles (after a table then lying hidden)—that is, by Christopher Scheiner, by the order of Fr. Theodor Busaeus the Provincial, who was unwilling that these novelties, not yet plainly explored, be published by our [men]—[Apelles] meanwhile suppressing his own name; in that history, I say, in Epistle 1, he [Galileo] approves the opinion of Apelles concerning the nearness of the Spots to the Sun, and their real existence, on account of the imperceptible parallax between them and the Sun. But because Apelles had said they are moved around the Sun from East to West—considering, namely, that motion which is conspicuous to us—Galileo concedes this indeed, if the whole conversion of them around the Sun be not considered; but if that be considered, [he holds] they are moved in that manner in which Venus and Mercury are moved around the Sun, namely from West to East: which is true if the motion be regarded in the upper, or in the inconspicuous, hemisphere of the Sun. He adds, moreover, that the evening spots, observed near the setting of the Sun, daily change their position, and descend from the upper parts of the Sun toward the lower; but the morning [spots] ascend from the lower parts of the Sun toward the upper. But their substance he denies to be very dense, but says it is similar to smokes or clouds; he denies likewise that they are fixed or wandering stars; he denies, finally, that they are moved in circles separated from the Sun—otherwise a swifter transit would be due to them than to Mercury under the Sun, and yet Mercury passes through the disk of the Sun in about six hours, but the Spots persist under it for several days.


[Margin: From the 2nd Epistle.]



[III.] But Epistle 2, to the same M. Welser, confirms certain [things] said [in] Epistle 1, and affirms these propositions concerning the Solar Spots. [That] they, besides the disordered and irregular motion by which several spots at once flow together into one, or flow apart from one into several, have another certain ordered and common and greatest motion, by which uniformly, in lines parallel among themselves, they are revolved about the globe of the Sun (to which they are contiguous), so that this vertigo of the Sun about its own center, and of the Spots about the globe of the Sun, completes its period or revolution in about one Lunar month, and that it is similar to the conversion of the Planets in their orbs, inasmuch as they are turned from West toward East: but their contiguity and vertigo with the Sun he confirms from this, that in their appearance or occultation about the margins of the Sun they are of small longitude (the same latitude being nevertheless kept), but in the middle of the solar disk they appear longer. Moreover, [that] the multitude of Spots does not appear in the whole disk of the Sun, but only in a certain middle Zone of its disk, which does not exceed 56 or 58 degrees of those of which the circumference of the greatest circle on the globe of the Sun is 360; so that, just as the maximum declination of the Planets from the Equator does not exceed toward North or South 23½ degrees in the Sun, but in the other Planets having latitude does not exceed Gr. 28 or 29, so neither does the maximum declination of the Solar Spots from the middle of the Sun's disk exceed toward South or North 28 or 29 degrees of the Solar circumference. Hence he deduced [that] on the surface of the Solar globe there are two poles, about which the aforesaid vertigo takes place, and [that] the remaining points describe the peripheries of parallel circles, of which the greatest is that which is equally distant on both sides from those poles. But after he had demonstrated, by several arguments, in the same 2nd epistle, that these Spots are contiguous to the Sun, he teaches [that] many of them return a little longer than in 14 days, completing their course in one hemisphere of the Sun; and proves from his observations, and teaches, [that] if one of the spots traversed the disk of the Sun in 16 days, but another, most distant from the middle, namely by 30 degrees, traversed [it] in 14 days, or 13 [days] and 20½ hours, it would follow that the semidiameter of the Ethereal sphere—in which the aforesaid spots are revolved—would be double the semidiameter of the Solar body. He confirms, moreover, [that] the spots are in the very surface of the Solar globe, and are carried about by its vertigo, from the faculae brighter than the rest of the Sun which appear in it, and are moved by the same motion as the Spots; for neither is it credible that some body brighter than the Sun be found outside the Sun. He adds [that] the production and destruction of the Solar spots can be imitated by us, if we throw wax, pitch, or bitumen upon glowing iron—for thence a black spot is made in the iron, from which smoke is raised, flowing apart into various figures; and [that] many [spots], in the very middle of the Sun, are suddenly born and die away: [yet] that they are not within the substance of the Sun, as if its lakes or caverns. This is, summarily, the doctrine of Galileo concerning the Spots of the Sun, reduced from those three Epistles into an Epitome, many other [things] being studiously omitted which contribute nothing to our argument—[the spots] regarding neither Venus nor Mercury visible under the Sun, nor the spots of the Moon, nor the satellites of Jupiter, nor the reflection of the Solar light from the earth. Let us now see what the same [Galileo], under the person of Salviati, taught concerning the motion of these Spots in Dialogue 3 On the System of the World.


[Margin: Galileo's doctrine on the motion of the Solar Spots, from Dialogue 3.]



[V.] In the Italian page 337 of that Dialogue—but [in] the Latin of the version, p. 255—he affirms [that] the Sun itself, by its own spots, is a most clear witness, and one worthy beyond all exception, for the annual motion of the Earth; and first [he affirms] that he was the inventor and observer—as of all other celestial novelties, so also of the Solar Spots—when he was professing Mathematics in the Paduan Gymnasium in the year 1610, and that concerning these he discoursed with certain [men] still living at Padua and at Venice; and first, from the sudden eruption and dissolution of these spots, he asserted the alterability of the heaven.


[Margin: A conjecture probable now, which in Dialogue 4, at the end, he calls a most evident testimony.]



He narrates, moreover, [that] he formerly judged these spots to be contiguous to the Sun, or adhering to its surface, and so to be revolved with its vertigo, as if monthly, so that this vertigo took place about the Axis of the Solar globe erected to the plane of the Ecliptic: since indeed the arcs described by the Spots over the Sun's disk appeared to the observer's eye as straight lines, and parallel to the plane of the Ecliptic. But if any deviation from that straightness appeared, he judged it to be not in the essential and primary motion of them, but from an accidental concurrence of small spots into one larger, or from a tumultuary disgregation [scattering] of one spot into several smaller spots. But the observations of the Spots being intermitted, and afterward resumed, he says he fell upon a very large, dense, and solitary spot, and observed its transit around noon for very many continuous days; and when he had noticed its path [iter] to be curvilinear, he straightway conceived in mind a vast hope, from this motion, of deciding about the motion of the Sun or of the Earth—which hope, turning to his Host Filippo Salviati, he expressed in these words: "Lo, Philip, a way to consequences of great moment seems to me to open hence. For indeed, if the Axis about which the Sun is revolved is not erected perpendicularly to the plane of the Ecliptic, but is inclined above it"—so as the recently-observed Spot indicated by its path—"we shall take, from the state of the Sun and of the Earth, that conjecture than which neither a firmer nor a more probable [one] was ever supplied to us by any other accident."

At the request, therefore, of Salviati, he sets forth this conjecture in nearly these words: "If the earth," he says, "is borne by an annual motion through the Ecliptic about the Sun, so that the Sun, remaining in the center of the Ecliptic, is rotated about it upon itself—not about the axis of the Ecliptic itself (which would be the axis of the annual motion of the Earth), but about an inclined axis—it is necessary that admirable changes be represented to us in the apparent motions of the Spots, even if the aforesaid Axis of the Sun be supposed to persist perpetually and immutably in the same inclination, and to be directed always toward the same point of the Universe. For if the terrestrial globe, by an annual motion, goes around the Sun, it will be necessary, First, that to us, who are carried around with [it], the transits of the Spots should sometime—but only twice per year—appear made through a straight line; but at all the remaining


[…continues on p. 353 (PDF 388) with the catchword "tem[poribus]": "…[at all the remaining] times through a curve"—the rest of Galileo's four predicted appearances of the spot-paths, illustrated by an engraved three-figure diagram.]





(printed p. 353 — within Chapter XII, still expounding Galileo's sunspot argument: the four predicted seasonal appearances of the spot-paths are illustrated by an engraved three-figure diagram (rectilinear, quadrant-curved, and general oblique cases). Sagredo reports the predictions confirmed, but Simplicio replies that the argument does not convert — the same phenomena could be saved with an immobile Earth and a mobile Sun — which Salviati concedes.)
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[at all the remaining] times through a curve. Secondly, the curvature of these arcs, through one half of the year, will appear to us inclined in the contrary manner than in the other half; that is, through six months the convexity of the arcs will be toward the upper part of the Solar disk, and through the other six months toward the lower. Thirdly, when the Spots begin to appear, and to rise to our eye, from the left part of the Sun's disk, and cease, or be hidden, on the right part, the Eastern termini, or [the termini] of the first appearances, through six months will be lower than the termini of the occultations, and through the other six months they will be higher: namely, the Spots rising from higher points, and thence descending, in their progress will be hidden in lower points; and through only two days of the year will these termini be constituted in equilibrium: after which balancing, the inclination of the transit of the Spots will begin to become greater and greater, until after 3 months it comes out greatest; and thence, decreasing through another 3 months, it returns to equilibrium. Fourthly, on those very days on which the obliquity, or inclination, of the path of the Spots will be greatest, they will appear rectilinear; but on the days of the aforesaid equilibrium [they will appear] as curvilinear as possible.


[Margin: The variety of the motion of the Spots according to Galileo.]



[VI.] That we may illustrate this doctrine by schematisms [diagrams], as far as can be done on a plane (for globes would be more apt), with Galileo: let, in the following figures, O be the center of the Ecliptic, or of the great orb, and also of the Solar globe, whose whole hemisphere let us suppose to be seen by us earth-dwellers, on account of its huge distance. About this is described


[Translator's note — engraved diagram (three figures): each figure is a circle representing the Sun's disk, the great circle ABCD (A at top, C at bottom, B at left, D at right) bounding the visible hemisphere, with center O. Figure 1 (left): the solar axis EOI is tilted, and the spot-paths are drawn as straight, parallel lines across the disk—the principal one FOG through the center, with HL and KM parallel to it (dotted lines studded with dots for the spots); this is the rectilinear case. Figure 2 (center): the axis stands vertical (coinciding with AOC), poles E (top, near A) and I (bottom, near C), and the spot-path is the curved arc BGD (convex upward, through G above O) with the hidden return-arc BFD (through F below O). Figure 3 (right): the axis EOI is again obliquely tilted, poles E (upper) and I (lower, with point S near O), and the spot-path is the curve FNG / FNGS with unequal end-points. Letters keyed throughout the text below.]



the circle ABCD, representing the horizon of the Solar hemisphere, or the greatest circle terminating and dividing the conspicuous hemisphere of the Solar globe from the inconspicuous; and since our eye—not otherwise than the center both of the Earth and of the Sun—is in the plane of the Ecliptic, if we imagine the body of the Sun to be cut by the plane of the Ecliptic, that section will appear to our eye to be a straight line, which let us suppose to be BOD; to which the perpendicular AOC, drawn, will be the axis of the Ecliptic, about which the annual motion of the Earth takes place. Let us now think of the body of the Sun—about its own immobile center—revolved upon itself, not about the axis AOC perpendicular to the plane of the Ecliptic, but about the axis EOI somewhat inclined to the Ecliptic, which axis is fixed and immutable, or retaining perpetually the same inclination toward the same points of the Firmament and Universe; and let there be taken, in the Solar horizon, the point F, equally distant on both sides from the Poles E and I; from which, through O, let the diameter FOG be drawn, perpendicular to the axis EOI; for it will be the diameter of the greatest circle described about the Poles E, I.


[Margin: The 1st Case, the rectilinear path, explained by the 1st figure.]



Now if the Solar horizon ABCD, as it passes through the axis of the Ecliptic AOC, pass (with respect to us, who are moved together with the earth) through the poles E and I, the greatest circle whose diameter is FOG will be erected orthogonally to the circle, or Solar horizon, ABCD, to which a ray from our eye falls perpendicularly in O; and therefore the same ray will fall in the plane of the circle whose diameter is FOG, and its circumference will appear to us [as] a straight line, and such [will be] the motion of the spots through it as in the first figure is designated by the line FOG; but the paths of other spots will appear to describe other straight lines parallel to FOG itself, such as are HL and KM. And the same will happen after the Earth, after six months, has arrived there, so that it sees the other hemisphere of the Sun (which before was hidden from it)—provided that [hemisphere] be in such a position that the Solar horizon ABCD pass through the poles E and I. But since, on account of the annual motion of the Earth, the Solar horizon is continually changed, nor passes through the poles E and I except in the two aforesaid times or moments, it follows that not except at those two moments of the year does the path of the spots appear to us exactly rectilinear. Hence also it appears that, when the appearance and beginning of the motion proceeds from the part F toward G, to us observing at noon, the path of the spots ascends from the left


[Margin: The 2nd Case, the curved path, set forth by the 2nd figure.]



part, and the lower, toward the right and upper part of the Solar horizon. But if the Earth has now come into the part diametrically opposite, the transit will be from the left, but upper, part G, descending into the right lower [part] F; for you must, in this second case, imagine your eye placed not before, but behind, this first figure ABCD.

[VII.] Make now [suppose] that the Earth has departed from the aforesaid position, and has completed, after three months, a quadrant of the annual orb (look at the second figure), and that the plane of our Meridian pass through the axis of the Ecliptic AOC; for in the same plane will be the axis of the Solar revolution with its poles—one indeed conspicuous to us, which let be I, the other inconspicuous, E, or lying hidden in the surface of the Solar hemisphere hidden from us. For when the axis EI is inclined with its lower part toward us, the greatest circle described about it too will be raised upward to us, and will be such as is designated by BGDF; wherefore, if a spot rise in B, its path conspicuous to us will appear curved, and made through BGD, so that its convexity verges upward toward the northern limb of the Sun, and indeed with the greatest curvature, and in the hemisphere of the Sun conspicuous to us; but the remaining [part] of the spots' path will be hidden, [made] through DFB, with the convexity turned downward. On the contrary, if the Earth, receding hence, complete a semicircle after six months, the conspicuous pole of the Solar axis will be E, and the path of a spot risen in B will be conspicuous through the arc BFD, swelling downward toward the southern limb of the Sun with its convexity; but the remaining path will be hidden to us, [made] through the arc DGB. Finally, to us observing at noon, the termini of the appearance B and of the occultation D will be in equilibrium, or equally distant from C or A. But what I have said of a spot risen in B holds of all others risen elsewhere—for they will describe arcs parallel to the arc BGD, or, after six months, BFD.


[Margin: The 3rd Figure and Case explained.]



But if the Earth be outside the aforesaid positions, so that neither the Solar horizon ABCD nor the Meridian AOC pass through the poles E, I of the Solar axis—as you see in the third figure—but the axis be EOI, the diameter of the greatest circle described about it will be FOG, and the periphery of the circle FNGS; wherefore, if the pole conspicuous to us be E, the conspicuous path of the spots will be the curve FNG, yet not with the greatest curvature, and its convex [part] will verge downward, nor will the termini of the appearance F and of the occultation G be in equilibrium, but F lower and G higher: but, on the contrary, the Earth being placed diametrically opposite to this position, and the pole I being conspicuous to it, the curvilinear path will be through the upper arc GSF, and the appearance in the upper point G, the occultation in the lower part F—but from left to right: for here too, in the second case of this third figure, you must imagine the eye of the observer to be behind, after the disk ABCD.

[VIII.] These are those admirable changes which Galileo divined, by his conjecture, as [things] to come, if indeed those three suppositions be admitted—namely, [that] the Sun carries the spots around with it by its own vertigo, and [that] its axis is inclined to the plane of the Ecliptic but with the same inclination perpetually remaining, and [that] the Earth is revolved by an annual motion around the Sun, [the Sun] remaining in the center of the World. But to Giovanni Francesco Sagredo, asking whether afterward such changes were really observed, Salviati (who sustains the person of Galileo in those dialogues) answers that the observations were continued at different times of the year, and that the events answered the prediction most exactly. Then Sagredo, turning to Simplicio, infers (Latin page 260, but Italian 344): "Lord Simplicio, if these [things] are true which Salviati has set forth (nor indeed is it lawful to doubt his assertions), for the Ptolemaics and Aristotelians there will be need of solid arguments, valid conjectures, and most firm experiments, that they may be able to counterbalance this objection of so great weight, and not incur the utter destruction of their opinion."

But Simplicio answers acutely and solidly [that], even if—the annual motion of the Earth being posited, and the remaining conditions of which [we spoke] above—the Phenomena of the Solar Spots be saved, yet this argument is not valid conversely; namely, [that] if such are the Phenomena of the Spots, [it does not follow that] the Earth is moved and the Solar axis is of fixed inclination, unless it be demonstrated that those Phenomena cannot otherwise be defended. For why could they not be saved, the annual motion of the Sun about the immobile Earth being posited? Then Salviati concedes indeed that this can be done, but [says] that many [things] must be admitted, and


[…continues on p. 354 (PDF 389) with the catchword "conti[nuo]": "…[many things and] continuous [improbabilities]"—Salviati's qualification, and the start of Riccioli's own reply to the sunspot argument.]





(printed p. 354 — within Chapter XII. Salviati's simplicity claim for the Earth's annual motion is endorsed by Gassendi, whom Riccioli convicts of a double error; the argument is cast in form and answered (the motions are equal in number under either hypothesis, and the Earth's motion destroys more evident phenomena). The promised Epitome of Scheiner's sunspot doctrine is then announced, beginning with the first Welser letter and Scheiner's 1611 discovery.)
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[Margin: The annual motion of the Earth is gathered from the things said.]



continuous motions, by which the axis of the Sun perpetually changes its inclination to the axis of the Ecliptic, and on account of which that axis is bent from moment to moment toward other and other points of the Universe; and so that this axis has its own proper monthly revolution, distinct from the annual revolution—since indeed, every year, once, the whole variety of the motion of the spots is perfectly completed and recurs again—and [so] that that axis has a convertible inclination, so that sometimes it is in the plane of the Solar horizon (and therefore the path of the spots is rectilinear), but sometimes in the Meridian of the observer, yet outside the horizon of the Solar globe, and sometimes in other and other planes. But it is far more probable, says Salviati, that the axis of the Solar vertigo is unique and has a fixed inclination to the plane of the Ecliptic, nor [that] the Sun is moved by any other motion than by a simple revolution of about 27 or 28 days about its own immobile center, and [that] all the remaining changes of the spots happen through the single and simple annual motion of the Earth; than that, the Earth standing still, the Sun be implicated by manifold motions, and [those] of its own axis: Therefore it is also more probable that the Earth, rather than the Sun, is moved annually.


[Margin: Gassendi's opinion on the annual motion of the Earth, but errors about the motion of the Spots.]



[IX.] Struck, therefore, by this argument among others, Pierre Gassendi (Epistle 2 On the Motion impressed by a moving mover, p. 148) did not hesitate to burst forth into these words:


"It is wonderful that the paths of the spots, while the Sun is in the Equinoctial points, describe as if straight lines on its disk; but in the others, and most of all in the Tropics, curved [lines]: nor can this be more conveniently saved than from the fact that—the Sun being always revolved upon those same poles of its Ecliptic, and carrying the spots down—the Earth so sets itself to it, now as if to the right or the left in the Equinoxes, now as if up or down in the Solstices, so that, on account of the explained containment of its axis, it sees the spots proceeding not in one way through the disk of the Sun, but with that recounted variety of straightness and curvature: so demonstrates Galileo."



In which words a double error lurks: for, first, neither Galileo nor Scheiner, in their second [more mature] reflections, admit the vertigo of the Sun to take place upon the poles of the Ecliptic—otherwise the path of the Spots would always appear rectilinear to us; then, it is not true that their path is seen rectilinear in the Equinoxes, and most curvilinear in the Solstices, since, on the contrary, it rather appears rectilinear about the beginning of December and June (that is, nearer the Solstices), and most curvilinear about the beginning of March and September (namely, nearer the Equinoxes), as we shall presently narrate from the most certain observations of Scheiner. Now to the Argument gathered from this motion, reduced into form, we must respond.


[Margin: The argument reduced into form.]



[X.] It is more probable that the apparent motions of the Solar Spots are made by simpler and fewer motions, than by more, and more compounded. But if the Earth is moved annually around the Sun, rather than the Sun around the immobile Earth, the apparent motions of the Solar Spots are made by simpler and fewer motions, than if the Sun be supposed to be moved annually around the immobile Earth; Therefore it is more probable that the Earth, rather than the Sun, is moved annually. The MAJOR is clear from those most-received propositions, so often sung in this section—namely, that GOD and Nature do not endeavor through more [means] what can [be done] through fewer, and therefore that it is not even permitted to us to introduce a multiplicity of beings, much less of motions, without necessity, into the nature of things. The proof of the MINOR has been sufficiently indicated by comparing those [things] which were said at numbers 5, 6, & 7 with those which were said at the end of number 8; and they will be confirmed by the change of the Solar axis asserted by Scheiner and others, who expound these Phenomena by the hypothesis of a resting Earth.


[Margin: 1st and 2nd Response.]



I answer, 1 and 2, in the same manner in which I answered to the Major of Argument 1, which I proposed at chapter 9, number 5: namely, by conceding the Major, if the simplicity of these motions, at first sight, be greater and involve no greater absurdities, or save other phenomena more evident to sense than these; nor, inwardly inspected, involve more other motions with itself; but otherwise by denying the Major of the syllogism, and its proof. But in the same sense as I there denied [it], so I here deny the Minor: for if the Earth be supposed to be moved, and the Sun to remain in the center of the world, certain Phenomena more evident to sense are destroyed than is the motion of the Solar spots, and in the motion of the Earth there lie hidden very many other [motions], manifold in kind and number, most intricate, and in the understanding nothing more easily perceptible than the motion of the Solar axis having a convertible inclination—since the same convertibility of the inclination of the Earth's axis to the Equator is involved with at least a double libration: one on account of the precession of the Equinoxes, the other on account of the obliquity of the Ecliptic, if we hear Copernicus.


[Margin: 3rd Response.]



I answer, 3, the Major being granted, by denying the Minor. For if the Earth be supposed to be moved annually, it must also be supposed to be moved by a diurnal revolution about its own axis; and, for the phenomena of the spots, there is required, besides, a vertigo of the Sun about its own axis, as if completable by a monthly revolution—which are three motions really distinct. But if the Earth be supposed to rest, a triple motion of the Sun too must be supposed: one of the Sun's center, which is at once annual and diurnal, through a spiral line (whereby it therefore seems to be moved toward the East, because in the motion toward the West it is slower than the Fixed stars and the ideal motion of the prime Mobile); the second indeed, the annual [motion] of the Solar axis about its own fixed axis, from West to East; and the third, as if of a monthly vertigo, about another mobile axis, from East to West, as we shall make plain at number 22 & 23 from Scheiner. Equal, therefore, in each hypothesis is the multiplicity of real motions; but in the others there is a great disparity, on account of which [it] rather seems [it] should be pronounced for the rest of the Earth.


[Margin: 4th Response, Chiaramonti's, rejected.]



Chiaramonti would answer, 4 (in the Defense of the Antitycho, part 4, ch. 18), that, without a motion of the Sun's axis or an annual conversion of the Earth, the Phenomena of the Spots can be defended, if they be said to be moved in their own Epicycles; but this response supposes the Spots of the Sun not to inhere in the very body of the Sun—which is false—and, besides, multiplies the motions [to] as many as there are spots, which rather favors Galileo's argument than destroys it.

[XI.] Now it is time that we respond to the solution of the argument for which (at bk. 3, ch. 3, at the end of number 8, and in the title of this chapter) I pledged my faith: [namely] the phenomena of the Solar Spots, especially [those] pertaining to motion, I would expound more clearly than I expounded there, and reduce into an Epitome for my Reader—who perhaps lacks books of this kind—[setting forth] what Scheiner first wrote about these in Apelles behind the Table, and what he afterward [wrote] in the Rosa Ursina, correcting himself, and (that I may not say [made] greater than the Sun) now made more illustrious, [as] he handed down to posterity. For, as it is not to be turned to dishonor to Galileo, so also to Scheiner [it is not dishonorable], if, in their first observations—on account of the novelty and perplexity of the phenomenon, and its sublime and arduous contemplation, which it otherwise demanded—they said some [things] less consonant with truth, since afterward, by correcting themselves, they deserved the praise of Astronomical sincerity; and Scheiner [deserved it] by so many and so exact observations, and theorems and problems about this argument, [which] he discoursed in the Rosa Ursina, so that he merited from Reinier, or René, Descartes, and from Johann Hevelius, that praise: namely, that nothing in this kind could have been done more accurately, or be hoped to be done in future.


[Margin: The praise of Fr. Nicolaus Zucchi for Scheiner.]



And Fr. Nicolaus Zucchi of our Society—who was an assiduous witness, instigator, and helper of Scheiner's observations—in his new and noble Philosophy of Machines (part 5, section 12) began with this praise:


"It being first supposed here the Canons of the motion detected in the Sun in this our age—which, by the most constant labor of very many years, by deliberately [examining] the heaven more often day by day, the rules of a better Astronomy being employed, new [ones] wisely added, Fr. Christopher Scheiner of our Society established—the later [astronomers], not only the inspectors of books but also of the stars, so approved [them] that from them even those who before were his Censors corrected their own errors, supplied the omitted [things], in nothing daring to contradict; and most recently, through three years, the ordered courses of the Sun's Spots were published [by] a man best deserving of Astronomy—whom I shall presently name in his Selenographia book."



The Doctrine of Christopher Scheiner on the Solar Spots, from Apelles behind the Hidden Table, or the Letters written to Markus Welser


[Margin: From the 1st Epistle.]



[XII.] In the first Epistle—given in the Year 1611, on the 12th day of November—he narrates that about eight months before (namely, in March of the Year 1611) he directed an optical tube, which magnified an object nearly eight-hundred-fold in surface, at the Sun, that he might explore the optical magnitude of its diameter relative to the Moon;


[…continues on p. 355 (PDF 390) with the catchword "[So]lem": "…at the Sun, that he might explore the optical magnitude of its diameter relative to the Moon"—the rest of the Epitome of Scheiner's Welser-letters, then his doctrine from the Rosa Ursina .]





(printed p. 355 — within Chapter XII, continuing the Epitome of Scheiner's Welser letters: the spots are no artifacts of eye, glass, or air, though Scheiner first wrongly judged them stars near the Sun; later letters describe their appearance, births, and deaths, and the pinhole-camera proof of their reality. The second sub-head, Scheiner's doctrine from the Rosa Ursina, then opens with Riccioli's defense of Scheiner against Galileo's charge of plagiarism.)
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[at the Sun], that he might explore the optical magnitude of its diameter relative to the Moon; and on that occasion he saw certain blackish spots in the Sun, but was then not solicitous about them; but afterward, in the month of October, having returned to this observation, at first he doubted whether those spots were from some hidden defect in the air, or the eye, or the glasses of the Telescope. But when, with different eyes employed in testimony, and the glasses and tubes being changed—eight [being] employed—the same spots appeared in the same order, position, and number, he concluded that they were not from a defect of the eyes or the glasses; but neither from the air—both because they were moved by the motion of the prime mobile with the Sun the whole day (and nothing in the air is so constantly moved by such a motion under so small a portion of the heaven as the Sun is); and because they admitted no parallax the whole day, as they ought [to have], if they had been near us in the air, but appeared the whole day on the disk of the Sun; and because, by their own motion, they were turned from the eastern limb of the Sun to the western, with the Sun, for several days, until they vanished from the eyes; and, finally, because their phenomena seemed unvaried through mists and clouds. But since he then thought it unworthy to admit in the Sun—a most lucid body—some spots blacker than the Lunar ones, and [since] the same ones did not return yet to view, but always other and new [ones], he judged them not to be revolved by the Sun, nor to be in the Sun, but [to be] as stars going either below or around the Sun by their own peculiar motions, and eclipsing it to us. He confesses, nevertheless, that not all the observations which Welser granted [him to publish] were then most exact, and [that] certain [spots], inspected without a tube, seemed simple [single], which through the tube appear aggregated out of many.


[Margin: From the 2nd & 3rd Epistle.]



[XIII.] In the 2nd Epistle—given in the Year 1611, on the 19th day of December—he reports that he was intent on the conjunction of Venus with the Sun, which by Magini's Ephemerides ought to begin on the 11th day of December, at the 11th hour of the night, and to last at least 40 [hours]; but [it was] not seen under the Sun, whence he took the argument that it [Venus], in the superior conjunction, is borne above the Sun. But in the 3rd Epistle—written on the 26th of December—he contends [that] the Spots are not in the very body of the Sun: because, since they do not all appear under the Sun for fifteen days, from their first appearance to occultation, if they were turned with it they ought to return after another fifteen days, or a little after; but by the experiment of two months none were seen to return. But, on the other hand—from the defect of all parallax from the Sun, and from this, that in their appearance and occultation about the limbs of the Sun they grow slender, and from several seen in the middle of the Sun they seem to coalesce into one at the margins, and because in the middle of the Sun's disk they are swift, at the limbs slow—he gathers them to be near the Sun, and to be moved about the Sun by their own motions, and to be certain Heliacal stars, very dense, opaque, and deep, inasmuch as [they intercept] the light of the Sun; and to be erratic [wandering] stars rather than fixed; and [that], as around Saturn and Jupiter there are satellites, so around the Sun, etc.


[Margin: From the 4th Epistle.]



[XIV.] In the 4th Epistle—written to the same [Welser] in the Year 1612, on the 16th day of January, from 30 observations begun on the 10th day of December of the Year 1611 to the 12th day of January of the Year 1612—he affirms [that] the spots, in entering and leaving the Sun, are seen small, slower, and blacker, and at the same time united; but in the middle of the Solar disk large, swifter, less black, and more separated from each other: but [that] certain ones, and very large, unexpectedly arise not in the limb, but nearly in the middle of the Sun's disk, or there suddenly fail [disappear], before they reach the margin of the Sun; but [that] certain ones divide from one into two—and that in nearly the middle of the Sun—or two coalesce into one, and so, divided or conjoined, persist up to [their] exit. He adds [that] their path appears parallel to the Ecliptic, but suspends [his] opinion; yet he thinks it certain that those which traverse the middle Sun delay more under the Sun than those far from the middle, whence he takes a new argument [that] they are not affixed to the Sun (which is revolvable about its own center): for one spot, seen under the Sun, [delayed] at least 16 days; another, more distant from the middle of the Sun, delayed under the Sun at most 14 days; but another, 13.


[Margin: From the 5th Epistle.]



[XV.] At length, in Epistle 5—given to Welser in the Year 1612, on the 25th day of July—he first confirms [that] these spots are not a mockery or a mere spectrum, appearing by a defect of the eye, glass, or air; since to whatever eye, in whatever position under the open air, without glasses, the same [spots] are seen in the same order, position, and number, if a ray of the Sun, through a bare hole not exceeding the magnitude of a pea, be received in a dark chamber on a paper equidistant from the Sun's disk. And, besides, because the same [spots] were seen and observed in diverse places—namely, at Rome by the Fathers Christopher Grienberger and Paul Guldin, distinguished Mathematicians of the Society of Jesus, [and] by Galileo and others—from which, and from his own observations, he concludes (with a certain Venetian, who concealed his name under "Protogenes") that these spots are real bodies, not in the Sun, but near the Sun; not spherical, but of irregular and variable figure, and therefore not stars:


[Margin: Judicial Astrology [harmed] by the Solar Spots.]



yet their interposition, unknown to the old Astrology, greatly harms [it], since, for varying the sublunary effects, so many bodies, persisting so long beneath the Sun, can do more than Mercury alone conjoined to the Sun, and not wont to delay under it except for a few hours.

The Doctrine of Christopher Scheiner on the Spots of the Sun, from the Rosa Ursina, reduced into an Epitome

[XVI.] Book 1. Since Galileo—in the Discourse on the Comet of the Year 1618 (p. 3), and in the Assayer [Trutinator] (p. 2 & 209), and in the dialogues On the System of the World (page 337 Italian)—vaunts himself as the first inventor of the Solar Spots and of all the novelties of the heaven, and makes Apelles (namely, Scheiner) guilty of theft, as if, after seeing Galileo's writings about the spots, he began to observe them, and boasted himself the first observer of them: Scheiner purges himself from this imposture. For indeed [he says] that he, with no previous rumor or indication, began to observe them in the Year 1611, in March, while he explored the magnitude of the Sun by the Telescope, and afterward, in October, resumed the observations, and warned about these Fr. Adam Tanner and Fr. Jacob Gretser—who indicated this to M. Welser, the Maecenas of all literary men; and [that] Welser, by many letters, extorted at last from him the novelty of this phenomenon, and solicited that it be published in print: which [was done] by the three earlier letters, given in the year 1611, but under the feigned name of Apelles, because Fr. Theodor Busaeus the Provincial was unwilling that these novelties, not yet sufficiently explored, be published under the certain name of Scheiner. But Welser communicated Scheiner's letters at once to Galileo in the Year 1612, on the 6th day of January; but Galileo, answering him in the same year, on the 4th day of May, affirms that he had observed the Sun's Spots before the eighteenth month [i.e. eighteen months earlier]: and yet he produces no observation of the Year 1611 with a diagram, but only of the Year 1612, from the 5th day of April; whereas he ought to have produced diagrams of the spots observed in the Year 1611, and the beginning of the Year 1612, as Scheiner produced—whereby he might at least make it probable that he was not later than Scheiner in observing those [things].


[Margin: Scheiner vindicated from the imposture of the theft of Galileo's observations.]



How then could Scheiner steal his observations—anterior in time, and performed before April of the Year 1612—from the observations of Galileo, which neither then nor afterward were published? But Galileo, in that epistle, excuses himself, that he did not publish his observations earlier, on account of the suspension of [his] mind and the fear of erring; but Scheiner, meanwhile, had absolutely published many of his propositions, and indeed contrary to the sayings of Galileo: for Scheiner had then already said the apparent motions of the Spots to be unequal, and their delays under the Sun diverse, and certain ones to be blacker than the spots of the Moon, and things similar to these—the opposite of which Galileo affirms in the Epistles to Welser. Therefore, if Galileo wrote nothing about the Sun's spots before he saw Scheiner's Apelles behind the Table—communicated by the Venetian from Welser—nay, [if] he determined nothing certain about them, but Scheiner, meanwhile, had published in print many [things], and contrary to these which Galileo afterward decreed, how could he steal his observations from Galileo's writings? Then, it is false that Scheiner vaunted himself in his letters as the first observer; for neither did he there deny that others had observed them, nor did he usurp to himself the invidious nomenclature of first inventor, but only narrated what had unexpectedly come to him without any previous rumor or indication—which could be true, even if a thousand years before someone else had observed the same, but with Scheiner not knowing: be it that really it was so, as the facts themselves (which speak more than words), and the chronological comparison of other observations with the Scheinerian, testify. To which I add the Rosa Ursina—in which, among other [things], the curvilinear motion of the Spots (except at two times of the year) is demonstrated—[which] began to be printed in the Year 1626, and was published in the Year 1630. But Galileo's dialogues were published in the
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[Header: BOOK IX. SECTION IV. — 356]



[An]no 1632. Since, therefore, in their third [dialogue], Galileo himself corrects [himself], and admits the curvilinear motion of the spots—which he had always otherwise thought rectilinear—some could suspect that this was done by him from having seen the Rosa Ursina, or from having heard the [things] which at Rome P. Scheiner had communicated to many outsiders, whom he admitted in good faith as witnesses and observers of his observations: especially since Galileo says, in that dialogue, that twice only in the year the path of the Spots is rectilinear, and that for six months it ought to be curved upward, for the other [six] curved downward, and affirms that the event answered this his own vaticination [prophecy]; nor yet does he dare to say in which months of the year these changes occur—which assuredly he ought to have said, and would have said, if he could have decided these from his own observations. It is therefore no light indication that he inserted this emendation of his into the Dialogues, not so much from his own observations as from the sight or hearing of others'—which, however, I would not dare absolutely to affirm. Moreover, Scheiner, in this book, puts the diagrams of observations formerly held at Ingolstadt.


[Margin: From book 2.]



[XVII.] Book 2 teaches the use of the Helioscope (which [is made] with colored glasses) and of the Telioscope (which [is made] with glasses or lenses not colored); and demonstrates from optical foundations the choice, approbation, and combining of lenses; as also the admission of the species [image] through a bare hole, and the transmission through the Telioscope; the difficulties in observing the Spots and Faculae, and the cautions to be employed; likewise the practice of drawing the vertical line (or perpendicular) and the Ecliptic, [and] the times suitable for observing—although at the end of book 3 he exhibits a new machine, by which the Solar spots are most easily observed.


[Margin: From book 3.]



Book 3. He exhibits and explains the observations themselves of the Spots, both his own and others'.


[Margin: The motion of the Spots somehow oblique to the Ecliptic, and into which regions.]



And he forewarns (page 161) that the paths of the Spots proceed obliquely to the Ecliptic, from the North-East into the South-West, from the vernal equilibrium [equinox]—which falls at the end of February and the beginning of March—up to the autumnal equilibrium, which falls at the end of August and the beginning of September; but in the first three months (March, April, May) the path-arcs are concave toward the South-East, convex toward the North-West; but in the other three later [months], after the rectilinear station celebrated at the end of May and the beginning of June (namely, June, July, August), the concavities of the paths are turned toward the West-North, and the convexities toward the South-East. But all contrary [things] happen from the autumnal equilibrium (which falls at the end of August and the beginning of September) up to the vernal [equilibrium], which [falls] at the end of February and the beginning of March: for in its first three months (September, October, November) the paths of the spots are concave toward the North-East, convex toward the South-West. But after the winter station was celebrated, rectilinear, at the end of November, the bendings of the spots in December, January, [and] February are concave toward the South-West, convex toward the North-East. But now in this book are contained the observations held from the Year 1618 to 1627, which are comprehended in 71 images; and the number of observations exhibited in them ascends, as I have reckoned, to the number of 1425—the greatest part of which was held by him at Rome, [and] a few, some [of them], by others of our Society at Ingolstadt, Freiburg, [and] Douai. He terminates this book, finally, with a new Telescopic and Heliotropic instrument [made] by P. Grienberger, by which—without the angle of the Ecliptic and the vertical, without the leading-in of a perpendicular, without the altitude of the Sun—the course of the spots, the position of the Ecliptic, and the rest necessary to this business is most expeditiously taken; demonstrations being added that prove the instrument, devised by Grienberger himself: and a Table of Right Ascensions and Declinations constructed by the same, for one quadrant of the Ecliptic, for every five minutes of degrees.


[Margin: From book 4, part 1.]



[XVIII.] In Part 1 of book 4, from the observations of book 3, Scheiner demonstrates the following propositions. Cap. 1. All the spots, says he, which pertain to the Sun, as long as they appear, never appear outside the Sun, but rise with it, and—the diurnal motion being performed—set with it, from whatever part of the [Earth's] orb they be viewed. And Cap. 2. All the spots always seem to be moved from the Eastern region of the Sun into the Western [region] of the same. And Cap. 3, 4, 5, 6. No part of the heaven of the Moon, of Mercury, or of Venus can, by its interposition, cause any Spot on the Sun. And Cap. 7. No spot or facula appears outside the conspicuous disk of the Sun; the Light of the Solar Faculae is stronger than the rest of the light of the Sun, and [than] the diurnal light scattered through the aether; the Faculae of the Sun are parts of the Sun, which—since they are moved by the same motion as the Spots—argue that the Spots are in the very Sun, and so that the Sun rotates about its own center; otherwise, if the faculae were outside the Sun, placed in the margins, they would sparkle outside the Sun: Hence are barred the proper Epicycles and Eccentrics of the Spots and Faculae, and it is gathered—even from this alone—that they are not stars distinct from the Sun. And Cap. 8. No spot has been seen, hitherto, either to stand still on the Sun, or to go back, or to plunge headlong, after so many years of observations (that is, from the Year 1611 to 1627); whence it is confirmed that they are carried about by the Sun, and not by their own Eccentrics or Epicycles. And Cap. 9. The paths of all the Spots appearing at the same time (other things being equal) appear of the same kind and position—that is, of all [either] rectilinear, or of all curvilinear, and swelling with their convexity into the same region; whence it is gathered that there is a certain motion universal to all, [arising] from a certain common subject moving them. And Cap. 10. All the paths of the Spots described yearly by the same parallels are, to sense, similar to themselves, and for the most part equal in time; that is, if (for example) in the Year 1627, on the 22nd day of August, such motions are described by a spot in such a parallel of the Sun, then also in the Year 1628, on the 22nd day of August, if any spot be in such a parallel, it will describe a motion similar to the aforesaid—that is, curvilinear upward, if [the other was] curvilinear upward—and so of the past and future years. And Cap. 11. All Spots in parallels equally distant from the greatest parallel of the Solar globe, and distant from each other by a six-month interval, have similar motions, but contrary in position and tendency; from which uniformity it is confirmed that they are moved by the motion of one universal subject. And Cap. 12.


[Margin: When the path [is] rectilinear.]



The paths of all the Spots and Faculae become, twice in the year, rectilinear to sense—namely, once about the end of November and the beginning of December, and again about the end of May and the beginning of June—and yet their paths are oblique to the Ecliptic; and the time of the rectilinear delays under the Sun is of about two weeks, or nearly 14 days. But the tendency of the sub-brumal [near-winter] rectilinear [paths] is from the rising South into the setting North; but of the sub-aestival [near-summer ones], from the rising North to the setting South. And Cap. 13. [He shows] that the Sphere in which the Spots are thought to be rotated about the Sun is not greater than the Sun, and is concentric with it; and Cap. 14. but neither eccentric [heterocentric]; and Cap. 15. but neither greater than the Sun and of mixed eccentricity. And Cap. 16. All the paths of the Spots become, from rectilinear, curvilinear, so that


[Margin: When the path of the Spots [is] curvilinear.]



from about the beginning of December they become, through three months (December, January, February), daily more curvilinear, the arc swelling upward toward the Northern part of the Sun, and at the beginning of March they become most curved; but thence the curvature decreases more and more in March, April, May, until at the end of May they come out, to sense, rectilinear; hence again they pass off into curvilinear, so that from the beginning of June their curvature continually increases—but downward, toward the South—through three months (June, July, August), at the end of which this curvature is greatest; but thence, from the beginning of September, the curvature decreases through three other months (September, October, November), until at the end of November the paths come out rectilinear. And Cap. 17. From the said motions he gathers [that] the motion of the Spots is, to sense, regular and ordered, and uniformly deformed, and about a mobile axis of the Sun—since the spots are swiftest in the middle, slower (with proportion) about the limbs, and [move] from East to West always, and have appeared so constantly with a reciprocal passing from rectilinear into curvilinear paths. The motion, too, of this axis and of the poles, from West to East, so that in one half-year one pole is in the part of the Sun conspicuous to us, the other in the inconspicuous [part], and, conversely, in the other half-year the [pole] which was conspicuous is hidden, has become known from the six-month contrariety of the course: And from the ascent and descent of the Axis and Poles, every change [vicissitude] appearing in the motion of the Spots comes about. And Cap. 18.


[Margin: When the greatest curvature, and the equilibrium.]



The paths of all the Spots [are] rectilinear about the beginning of June, and about the beginning of September most curvilinear toward the South; but about the beginning of December rectilinear, and about the beginning of March most curved toward the North; but when they are most curved, then also they are in Equilibrium, so that the termini of the rising and of the occultation—if the Sun be with its center equally distant from
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[equally distant] from the horizon—appear equally elevated, that is, in the 90th degree of the Ecliptic. And Cap. 19. All the courses of the Spots, if the annual [course] be regarded separately, and the monthly separately, are regular—that is, both that which is made by the Solar poles describing little circles by an annual revolution, and that which is completed in the space of about a month; but if they be compounded together, from them some irregularity is conflated, yet, in a single course, imperceptible: which here he shows concerning the rectilinear motion, and Cap. 20. concerning the curvilinear; but from Cap. 21 to 33 he shows that that irregularity is from the refraction of the Solar rays, transmitted through the glass lenses, received into an image of the Sun—from which it happens that about the margins of the Sun greater arcs are seen to be traversed by the Spots in less time, and about the middle of the Sun lesser [arcs] in more time; and therefore that from this irregularity no parallax of the Spots, or distance from the Sun, can be gathered. And Cap. 34. He gathers the true regularity of the motion of the Spots from corrected experiences, and [argues] that, if they be in the Sun, it ought to be regular; and that they are in the Sun he confirms by the arguments indicated above, and by others to be indicated. Thus far concerning [their] motion.


[Margin: The growth and diminution of the Spots.]



[XIX.] But now, in the same first part of book 4, Cap. 35, he treats of the growth and diminution of the Spots and Faculae—not only Optical, or apparent, but also Physical and real—and says [that] the spots are on the physical surface of the Sun, just as there are hills on the surface of the Earth (which is not Geometrically spherical); and [that] none of them is moved about its own center. Besides, although all the spots (other things being equal) optically seem smaller near the margins of the Sun, and larger toward the middle of the Solar disk, yet, by a physical growth, [they are] sometimes larger about the margins, and, by a physical diminution, [smaller] about the middle—appearing so when the compensation is made. And Cap. 36. He shows [that] the Solar Spots, round, rotated about the Sun, present to sight, from [their] aspect, the same disposition on the hemisphere of the Sun which they would exhibit if they were similarly rotated about their own center, conjoined with the center of the Sun. Cap. 37. He asserts [that] a physical growth and decrease has befallen all the spots hitherto observed, but [one] varied and successive; and [that] the whole time of the growth of the same spot is nearly equal to the time of [its] decrease, though the parts of this time do not have an equal or uniform quantity of magnitude, nor are the times of the growth of one spot equal to the times of the growth of another spot; but [that] the diameter of the spots is physically increased sometimes two-, three-fold and more; and [that] the growths of some [happen] not rarely from the aggregation of several, just as [their] decreases [happen] from disaggregation. Cap. 38. He reviews the various modes by which the physical augmentation can take place, and chooses,


[Margin: The obscurity and opacity, [and] color, of the Spots.]



as the most probable, that one which is made not by alteration alone, or by rarefaction, but by generation from the Solar matter. Cap. 39. He treats of the variable obscurity and brightness of the Spots. And Cap. 40. of the nucleus of the Spots—that is, of the blacker part in the middle. Cap. 41. [That] the Spots cannot be shadows projected onto the Sun. Cap. 42. Nor can they be a mere apparent opacity, but Cap. 43. [that] there is in them a true opacity, and Cap. 44. a true color, and Cap. 45. [that] it is probably blackness, Cap. 46. and [that] it is physically intensified in the nuclei; concerning which Cap. 47. he dispatches many little questions, as Cap. 48. many concerning the light and brightness of the spots. But thereafter Cap. 49. he treats of the figures of the Spots, [which are] irregular and slender and subsequently variable; And Cap. 50. [that] the physical Solar surface is alterable in several ways by so great a variety of Spots, Faculae, [and] Umbrae. And Cap. 51. he teaches, by many arguments, [that] the Spots and Faculae are physically generated and perish on the surface of the Sun;


[Margin: The Physical and Astronomical rising and setting of the Spots and Faculae.]



for the understanding of which know that the Astronomical Rising of the Spots is so called when, on account of the vertigo of the Sun, they begin to appear on its eastern margin (which, to us Northerners turned toward the South, is the left); but the Astronomical Setting is so called when, on account of the same vertigo, they begin to be hidden on the western margin of the Sun (and, to us, the right), and to traverse the upper hemisphere of the Sun, hidden from us. But the Physical Rising is so called when they really come into being anew, and therefore appear indiscriminately on any part of the Solar disk, provided it be conspicuous to us; and the Physical Setting, or destruction, is when they are extinguished and really cease to be. These [things] being laid down: The greatest part of the Spots, says Scheiner, is born immediately on the face of the Sun, far from the rising margin, grows, and proceeds to the western limb, until it sets astronomically; a great part of them, likewise, rises astronomically, but before the astronomical setting physically fails entirely; many also there are which obtain neither an astronomical rising nor setting, but between the one and the other begin and cease to be on the face of the Sun: yet certain ones there are which last from the astronomical rising up to the astronomical setting—whether they be of those which had physically risen in the hemisphere of the Sun hidden from us, or [of those] which, by their duration, are equal to the whole conversion of the Sun of about 27 days. But rarely does a large spot appear which is not born physically and does not fail without an astronomical rising and setting; and spots of this kind grow with the company of many [others], which, however, after about two or three days, are diminished, the retinue of the spots withdrawing itself.


[Margin: The rising and setting of the Faculae.]



But of the Faculae, many perish, after an astronomical rising, before [their] setting; many, without an astronomical rising, flash forth anew on the face of the Sun and set astronomically; some, but more rarely, are kindled and extinguished in the middle of the Sun, without an astronomical rising or setting. Besides, neither do they all return after a vertigo of 27 days, nor have any hitherto endured so [long] that, in one whole year—not to say in several—they have returned with repeated vertigoes; therefore very many have perished before the year's end. To this, the secondary Spots and Faculae, which are outside the middle Zone of the Sun, are in perpetual change of themselves, and with these the surface of the Sun is full. Finally, there have been some months in which no large spot appeared on the Sun: Are these not physically evident arguments of a real rising and destruction? Again, Cap. 52. he confirms the same generation and corruption, in that a greater number of Spots is kindled into faculae; for this can be done neither by rarefaction alone, nor by their dissipation from the Sun made through rarefaction—as if that part of the Sun now shines through which before was suffering an eclipse by the spots; for in this way they would not appear on the margin of the Sun, if we suppose it (as the Peripatetics posit) both perfectly round and of uniform density and opacity. In which place he confutes, at length, certain [men] saying [that] the Sun has a certain crust, thin and transparent in one place, opaque in another, in which [the spot] is enclosed, or [men] defending these Phenomena more violently in some other way through translucency. Hence Cap. 53. he teaches [that] the Solar Spots cannot be made from a mere concurrence of opaque parts, if hard orbs be supposed to be rotated perpetually about the Sun; but [that] they are generated and corrupted, as much as the Faculae [are]; again Cap. 54. he establishes [this] from the manner of [their] beginning and ceasing.


[Margin: The various modes of the destruction and rising of the Spots.]



For some Spots, in the middle of the Sun's disk, decrease in bulk, and are attenuated into a shadow [umbra], so that they are scarcely distinguished from the rest of the surface of the Sun, except by the agitation of the instrument: which shadow sometimes comes out into a facula, sometimes vanishes without a facula; but sometimes is split into minute spots, like black points, which points, advancing together in order through several days, pass off into faculae. And not rarely they leave behind them a tract and a faculent or shadowy trail, or are dilated into one continuous shadow, or, the others vanishing, grow strong again, and increase into new spots, which again pass off into shadows or torches [faces], by a reciprocal, as it were, struggle. Often some Spots seem to be overwhelmed on every side by brighter matter, until they become torches; and the faculae are sometimes pure, sometimes fenced about with nebulous traces. But all the Spots at last end either in Faculae, or in shadows, or in the ordinary surface of the Sun. But in their rising, many, from the thinnest shadows, as if from spiders' webs, made denser, blacken and grow; many, from the smallest and discrete [shadows], boil up and, dilated, make one continuous Spot; many, from Faculae joined with a shadow, degenerate into spots—yet always the beginnings are smaller in intensity and extension, and the growths are completed sometimes after a few hours, sometimes only after whole days. Again, the Faculae are more unstable than the Spots, more difficult to observe, and for the most part larger than the Spots from which they have arisen. Yet not by a continuous chain, as it were, of reciprocal rising and destruction is a facula made from a Spot, and from this facula a second spot, and from the second spot a second facula, and so to infinity; but this succession is frequently interrupted, nor does it last except as the condition of the underlying matter permits. Who, all these [things] being weighed, would not concede their physical rising and destruction? For what greater indication of such a rising and corruption have we in the sublunary region too?

[XX.] These [things]
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[Margin: The place of the Spots and Faculae.]



[XX.] These [things] being established, now (Cap. 55) he shows that the place of the Spots and Faculae is truly in the Sun itself, or very near [it], from the defect of all parallax: since indeed they were observed, by diverse observers in diverse places of the earth, at the same time, and found in the same part of the Sun, as appears from the Schematisms [diagrams]; but if any were observed at a different time, they were nevertheless found, by the later observers, advanced toward the western part of the Solar disk, by as much as the proportion of the intervening time required relative to the vertigo of about 27 days. For hence, at least, it is concluded that they do not so far stand off from the Sun as to admit a parallax sensible to us. And Scheiner affirms that there were transmitted to him and to P. Paul Guldin, from the West Indies, by P. Caspar Ruess (formerly instructed by him at Ingolstadt), and from the East [Indies] by others, many observations; which, compared with his own and others' held in Europe, no parallax at all was detected, but the same spots [were] seen on both sides in the same place of the Sun—which P. Charles Malapert also noted, comparing his own observations with the Coimbra observations held by P. Wilhelm Wely from the year 1620 to 1623, and with [those] received from Kalisz in Poland.


[Margin: A Spot is shown to be in the Sun itself.]



But, the Tychonic distances being supposed, Scheiner shows [that] the spots, from the defect of all sensible parallax, are nearer to the Sun than the Sun itself, [when] apogee, is to itself, [when] constituted at its mean distance; and he concludes the chapter by asserting [that], when the Sun lacks every spot, this happens in the whole orb of the earth; and when a new spot arises, this happens everywhere at the same time and [the same] place of the Sun; and when some spot occupies the center of the Solar disk or the Ecliptic, this happens everywhere on earth at the same time; nor was a deviation of any spot from the Sun's disk ever noted. But (Cap. 56) he teaches [that] the Spots are in the very body of the Sun, from the inequality of the apparent refraction introduced into the motion of the Spots through the observing lenses; and (Cap. 57) from the Faculae, which were shown above to be in the Sun—therefore the Spots too, which are moved by a like motion and order [are in the Sun]; And (Cap. 58) from the usual slenderness of the Spots about the horizon or limb of the Sun; And (Cap. 59) from the intervals of two spots, or the daily advance of one; And (Cap. 60) from the proportional intervals of times and motions by which the Spots are moved when they advance with a rectilinear course through parallel lines on the Sun's disk; And (Cap. 61) from the as-if-Elliptical path of the spots, then when the course is curvilinear; And (Cap. 62) from the properties of the curvilinear paths, which recur at six-month intervals; And (Cap. 63) from the intervals of one curvilinear course; And (Cap. 64) from the polar circlet which the axis of the vertigo of the spots describes; And (Cap. 65) from the periodic return of many spots which, before 28 days, are not corrupted


[Margin: Examples of returning Spots.]



—but their return the place, time, motion, and the same parallel persuade: such was [the spot] which, in the Year 1625, [lasted] from the 22nd day of March at the 8⅓ morning hour to the 4th day of April at the 1⅑ evening hour, in the southern parallel of the Sun; and another, of the same year, from the 11th day of May to the 18th of June, in the northern parallel; and a third, which in the same year arose on the 8th day of June, but [was] completed on the 19th, and lasted up to the 15th of July, from north to south; and from a fourth spot, which in the same year was born on the 12th day of July, but, [being] adult on the 24th, set astronomically, and—the hidden hemisphere of the Sun being traversed—arose astronomically on the 6th day of August at the 7½ morning hour, and set Astronomically on the 19th day at the 4¾ afternoon hour; and so of the rest. And (Cap. 66) from the secondary Spots about the poles and circlets of this motion, going with a [motion] proportional to the other motion. I myself would add [that] it is possible [that] the spots are in the very physical surface of the Sun, and are revolved by the motion of the Solar vertigo; but, this possible case being brought into act in reality, we would have no other, or no greater, indications and arguments than those we now have; therefore those arguments are most sufficient for concluding [that] this [matter] rather is so, than that they [the spots] are moved by many motions, and their own proper ones.


[Margin: From part 2 of book 4.]



[XXI.] In the 2nd part of book 4 he explains the Theory of the Solar Phenomenon—especially [that] which pertains to the motion of the spots—and (Cap. 1, reduced to a summary) teaches these [things]. The regular apparent motion of the spots about the center of the Sun is twofold: one annual, the other nearly monthly; which, since they are twice in the year—six-month intervals being interposed, namely at the beginning of June and of December—rectilinear, it is necessary that its axis lie in the apparent circle, or horizon, of the Sun; and because for six months it is curvilinear toward the south, and [for] six toward the north,


[Margin: A preparation for the Theory of this Phenomenon.]



General System and Theory of the Motion of the Solar Spots


[Translator's note — engraved diagram: the large circle is the Sun's visible disk, with the four cardinal points lettered A at the left (marked "Oriens" = East), B at the right ("Occidens" = West), C at the top ("Boreas" = North), and D at the bottom ("Auster" = South); the center is E (the eye, = center of the Solar globe). The horizontal diameter A–E–B is the line of the Solar Ecliptic (the equilibrium line); the vertical C–D is the Sun's fixed axis, parallel to the celestial Ecliptic's axis. A small Arctic circlet GZ sits at the top about pole C, and a small Antarctic circlet FYP at the bottom about pole D, each of radius ≈ 7°. A fan of straight lines converges through E: the parallel chords R–L, K–S (northern spot-paths) above the diameter, and T–N, M–Q (southern spot-paths) below it, represent the rectilinear-appearing courses of the spots at different seasons; the small lettered points (t, s, r, q and o at the top; e, d, c, b, a, f, g, Y, h, i at the bottom) mark the monthly positions of the moving axis-poles around the two circlets.]



[XXII.] In the preceding figure, from the center of the Solar globe E is described the solar horizon BCAD, which determines the Sun's hemisphere conspicuous to us from the [hemisphere] hidden,


[…continues on p. 359 (PDF 394) with the catchword "[oc]culto": "…hidden (although the hemisphere is not seen by us, on account of its huge distance, but [appears] a flat disk)"—the full explanation of the diagram and Scheiner's theory of the spot-paths month by month.]





(printed p. 359 — within Chapter XII, continuing the Rosa Ursina Epitome: the diagram of the Sun's fixed axis and two polar circlets is explained, the mobile poles marching monthly around them to produce the seasonal spot-paths. The Corollary holds all this more safely explained by the Sun's annual axis-motion than by the Earth's; the spots' "Royal Way" zone and two size-tables follow.)
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[oc]culto (although the hemisphere is not seen by us, on account of its huge distance, but [appears] a flat disk); and let the Sun be feigned, for convenience' sake, to be in the Meridian, or in the Ninetieth [degree], etc.; and let there be, in the Solar horizon, four cardinal points: A, the eastern; B, the western; C, the Northern; and D, the southern. Let the line of the Solar Ecliptic be AEB, whose fixed axis—parallel to the axis of the celestial Ecliptic—is CD, whose northern pole on the Sun's perimeter is C, and southern D; for, on account of the Sun's greatest distance, we can assume ADBC for the perimeter of the greatest circle on the Sun, and the line CD for its axis, even though, strictly, we do not see the greatest circle of the Sun. Let there now be described, from pole C, the circlet GZor; and from pole D, the circlet FYPc, whose semidiameter CZ, or DY, subtends 7 degrees of the Solar perimeter, of which the whole perimeter ACBD is 360. But let the circlet GQ be called Arctic or Boreal, and the circlet PF, Antarctic or Austral: which circlets, indeed, are to be thought of [as lying] not in the same plane of the Solar horizon (as this page exhibits), but erected orthogonally to it; and they are to be divided into twelve equal segments, for the twelve, as it were, Signs, and the twelve months of the year; and these circlets the poles of that axis describe by an annual motion—the axis about which the monthly motion of the spots takes place, which we shall call the mobile axis.

At the beginning, therefore, of December, let the southern pole of the mobile axis be in contact F, and the northern in G; and so let the mobile axis be FEG: let then pole F be moved, on the surface of the Sun conspicuous to us, but toward the East, so that, December being completed, at the beginning of January it be in a, and pole G have arrived, by a contrary motion, in l, but on the surface of the Sun hidden from us; and let the mobile axis be aEl: but at the beginning of February, let the southern pole be in b, and the northern in m; and let the mobile axis then be bEm: and at last, a quadrant Fc being completed, let the southern pole, at the beginning of March, be in c, and the northern in Z; and let the mobile axis be cEZ: and so let these poles proceed, that at the beginning of April the southern be in d, and the northern in n; and at the beginning of May, the southern in e, the northern in o; and at the beginning of June let the southern be in the contact P of the Solar horizon (setting to us heliacally, or hiding itself behind the back of the Sun), but the northern, in contact O, rise to us, about to walk through, for six months, the semicircle conspicuous to us OrG; just as the southern will walk through the hidden semicircle PYF. And so, at the beginning of July, the southern pole will be in f, the northern in p; but at the beginning of August the southern will be in g, the northern in q; and at the beginning of September the southern will be in Y, the northern in r; but at the beginning of October the southern will be in h, the northern in s; and at the beginning of November the southern will be in i, the northern in t; finally, the annual revolution being completed, at the beginning of December the southern pole will be again in contact F, rising to us optically, and the [northern] in contact G, setting to us optically. [Translator's note: the 1651 print here repeats "austrinus" (southern) for the G‑pole, where "borealis" (northern) is meant—cf. the paragraph's own setup, in which G is the northern pole.]


[Margin: The position of December.]



[XXIII.] When the southern pole is in contact F, and the [northern] in G, the paths of the Spots are, to sense, rectilinear, but not parallel to the Solar Ecliptic AEB; nay, the greatest parallel described by the path of the spots is TES (which, however, to avoid confusion, I did not express in the figure), whose greatest southern declination from the Solar Ecliptic—namely, the arc TA—and the northern, BS, is equal to the arc GC, that is, of 7 degrees; and the motion of the spots is from the eastern point T toward S, or certainly in [lines] parallel to that line TES.


[Margin: The position of June.]



But when the southern pole is in contact P, and the northern in O, the motion of the spots from East to West is rectilinear to sense, but the greatest parallel described by them is KEN, declining to the north by the arc AK, and to the south by the arc BN, of 7 degrees.


[Margin: The position of March.]



When the southern pole is in the middle of the conspicuous semicircle, or in c, and the northern in Z, the curvature of the paths of the Spots is greatest, the convexity swelling toward the north; but the diameter of the greatest parallel described by the spots in [their] monthly motion coincides with the line AEB of the Solar Ecliptic, and declines nothing from it; and this station is called the vernal Equilibrium: for there, the Sun being (as we posited) in the Meridian or in the Ninetieth degree of the Ecliptic, the termini A and B of the greatest parallel appear equally elevated above our horizon.


[Margin: The position of September.]



When the southern pole shall be in the middle Y of the hidden semicircle, and the northern in the middle r of the conspicuous [one], the curvature of the paths is greatest, but with the convexity swelling toward the south; and then too the diameter of the greatest parallel coincides with AEB, without any declination, and it becomes the autumnal Equilibrium, the termini A, B being equally elevated, etc.

In the remaining seasons of the year the convexity of the paths is as follows: that, through the greatest part of December, January, and nearly all of February, it swells toward the arc ARC of the Solar perimeter, intercepted between the eastern and northern points; but through the greatest part of March, April, and nearly all of May, they swell toward CLB, intercepted between the northern and western cardinal points of the Sun; but through nearly all of June, all of July, and nearly all of August, they swell toward AMD, the arc intercepted between the rising and southern cardinal points; finally, through nearly all of September, all of October, and nearly all of November, they swell toward BQD, the arc intercepted between the western and southern cardinal points of the Solar perimeter.


[Margin: A Corollary for the rest of the Earth.]



Thus you see [that], by a single annual motion of the Solar axis into the consequents of the Signs (if you regard its conspicuous pole), and by an as-if-monthly motion of the spots into the antecedents (or from East to West, if you regard their path conspicuous to us), made about that mobile axis, the phenomena of the motions of the Spots are saved; and [that] this annual motion of the Solar axis is more safely, and without absurdity, posited, than the annual [motion] of the Earth.


[Margin: The Royal Zone of the Spots.]



[XXIV.] The Torrid Zone of the Sun (so to call it), or Royal Way, within which the greatest part of the Faculae and Spots and ordinary [spots] proceeds, is contained by the arc MAR (rising) and QBL (setting), whose termini are parallel to the Solar Ecliptic, but within it the paths and bendings become wonderfully inclined and alternating; the whole breadth of this Zone does not exceed 60 degrees, of which 30 are to be understood in the arc AM (or BQ), the remaining 30 in the arc AR (or BL), although in the small figure we have not expressed that quantity. Wherefore, since the Zones (so to call them, "cold," on account of the scarcity of faculae) are of 7 degrees—as is CG and DP—there remain, for the remaining temperate Zones (in which rare and not very conspicuous Spots or Faculae occur, namely the arcs RG and OL, or MP and FQ), 53 degrees each [in total].


[Margin: From book 4, part 2.]



[XXV.] These [things] being done, Scheiner treats (Cap. 3) of the quantity of the Sun's circle conspicuous to us, and its difference from the Sun's greatest circle; And (Cap. 4 and 5) of the apparent diameter of the Sun, and the mode of observing it; And (Cap. 6) of the magnitude of the Sun and of the Spots, both visual and true, the Tychonic distance of the Sun being supposed, and the quantity of the terrestrial diameter, which he supposes as one may see in the subjoined table:

According to Tycho and Scheiner:




	
	German miles
	Roman miles





	Semidiameter of the Earth
	860
	3440



	Semidiameter of the Sun
	4602 ¹⁶¹⁹⁄₄₀₀₀
	18411 ⁶⁄₁₀



	Circumference of the Earth
	5403 ²¹⁵²⁄₄₀₀₀
	21614 ¹⁵²⁄₁₀₀₀



	Circumference of the Sun
	28920 ³⁶¹²⁄₄₀₀₀
	155683 ⁶¹²⁄₁₀₀₀






[Margin: The Magnitude of the Spots.]



These [things] being supposed, he sets down the various classes of spots, with [their] quantity, beginning from the smallest (which are like a point) and proceeding up to the greatest, which I have reduced into the synopsis of the following table:




	Rank of the Spots
	Proportion of the visual diameter of the Spots to the visual diameter of the Sun
	Quantity of the diameter of the Spots in Roman miles





	Of Simple [spots] — A
	as 1 to 2000
	18 ⁴⁄₁₀



	B
	as 10 to 2000
	187 ²⁄₅



	C
	as 50 to 2000
	964



	D
	as 100 to 2000
	1928



	E
	as 143 to 2000
	2640



	Of Compound [spots] — F
	as 285 to 2000
	4419



	G
	as 333 to 2000
	6292



	H
	as 500 to 2000
	9640





Of Spot E he gives the example [of one observed] in the Year 1625, in April, and says it was equal to Europe; and of Spot F, [one observed] in the Year 1626, on the 26th of May, [which he says was] greater than Africa; and of Spot G, [one observed] in the Year 1625,


[…continues on p. 360 (PDF 395) with the catchword "1625": "…in the Year 1625"—the rest of Scheiner's spot-size examples, and the continuation of the Rosa Ursina Theory.]





(printed p. 360 — closes Chapter XII with the spot-size examples and a refutation of Chiaramonti's placing the spots below the Moon. Chapter XIII then dissolves four quick arguments for the Earth's motion "from things moving East" (the trade-wind, mine-fibers, a turning iron lamina, the need for agitation), deferring the tides. Chapter XIV, the great tide chapter, opens with Galileo's two tidal conclusions from Dialogue 4 and his three tidal periods, with Riccioli's critique that Galileo over-claims a single cause.)
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[in the Year] 1625, on the 15th of March, [which he says was] equal to Asia; and finally, of Spot H, he gives the example [of one observed] in the Year 1625, on the 19th of April, [which he] says was nearly equal to the disk, or half-circumference, of the Earth; but because to us the Sun is higher [farther] than to Tycho, by about sevenfold, and its diameter to the diameter of the earth [is] not as 5½ to 1, but as nearly 34 to 1 (as we said, bk. 3, ch. 11), therefore the aforesaid spots come out nearly sevenfold larger than Scheiner put [them]. The remaining [things] which he treats toward the end of the book pertain to the qualities and substance of the Sun and of the heavens, of which enough has been said elsewhere.

[XXVI.] When I had written these [things], I fell upon Chiaramonti's book 9 On the Universe, in whose ch. 1 he reports the opinions of several [men] on the Sun's spots; especially of Jean Tarde, who thinks them stars, and calls [them] the Bourbon stars [sidera Borbonia]. But in ch. 5 he contends [that] they are far below the Moon, on this ground: that if they were contiguous to the Sun, and one of them were so great as to equal the terrestrial globe, its shadow nevertheless would not be longer than two semidiameters of the earth; but if it ought to overshadow for us a particle of the Sun, it would be necessary that the apex of its shadow reach the earth, and it would be [a length] of nearly 1105 terrestrial semidiameters—as great as is the minimum distance of the Sun posited by Copernicus.


[Margin: Chiaramonti's hallucination concerning the shadows of the Solar Spots.]



But the good old man is deceived: for neither, in order that an opaque body cover for us a part of the luminous body, is it necessary that its shadow reach our eye—as is clear from the central but annular Solar Eclipses, concerning which we [treated] (bk. 5, ch. 8, num. 4, and ch. 9, problem 7)—but it suffices if it intercept for us some rays of the luminous body: the privation of which, in the air and in our eye, cannot be called a shadow simply, but at most a shadow in a certain respect [secundum quid].


Chapter XIII, Five Arguments are dissolved for the motion of the Earth, whether Annual or Diurnal, taken from the motion of many things toward the East


[Margin: 1st Argument, from the perpetual wind of the Torrid Zone.]



[I.] The First Argument some take from the breeze or wind blowing almost perpetually from the East within the Tropics; which Galileo and Gassendi ascribe to the motion of the Earth toward the East. But this argument remains sufficiently solved from the things said (ch. 7, num. 4). Mastrius and Bellutus, however (disp. 4 On the heaven, q. 4, num. 111), add that, if the Earth were moved, it would come about that this perpetual wind would be better felt on Land than at sea—inasmuch as the air [is] enclosed within valleys, mountains, and trees.


[Margin: 2nd Argument, from the veins of Metals.]



[II.] The Second Argument others draw from the fibers and veins in mines of metals turned toward the East, which seems to be from nothing else than from the Earth's perpetual motion into the Eastern region. But this rather, if it is true, indicates that it happens from the illumination and heat of the Sun, which begin from the East; otherwise, if this proceeded from the motion of the earth, why do the rivers, which are more fluid, not bend their course to the East? say Mastrius and Bellutus, in the place indicated a little before. I said "if this is true," because the veins of stones and of trees are found rather turned toward the poles of the world.


[Margin: 3rd Argument, from an iron lamina turned to the poles.]



[III.] Thirdly, some say, let an iron lamina be suspended in a small and well-closed chamber by a brazen thread, to equilibrium, so that one of its extremities verge to the East, the other to the West; for a little after it will so bend that it verges to the Poles: this, therefore, they think to be an argument of the Earth's motion to the East—whereas they ought rather to recognize the magnetic force of the iron, turning itself to the unmoved axis of the earth.


[Margin: 4th Argument, from the danger of corruption.]



[IV.] Fourthly, others say, [things] which are not perpetually agitated either tend frequently, little by little, to corruption; therefore, lest the Earth, the nurse of all things, be corrupted, it was necessary that it be perpetually agitated toward the East: they add also a soul to the Earth, as salt [is added to a thing] lest it putrefy. But if the discourse is of partial corruption on the surface, that cannot be avoided by the motion of the earth; but if of total [corruption], there is no danger, since it [the earth] is not easily alterable, except about the more humid parts of the surface.

[V.] The Fifth Argument, from the motions of the sea and the flux and reflux, has need of a longer examination; and therefore it is to be proposed in a separate and following chapter, and to be called back to the balance [scrutiny].


Chapter XIV, For understanding and dissolving the Argument for the Earth's diurnal and annual motion, derived from the Sea's Tide, there are accurately treated both the history of the Marine Tide (and of the other motions of the Sea), and the famous Opinions on the Cause of the Sea's Tide

[I.] Here indeed, if anywhere, Galileo exulted, in Dialogue 4 On the twin System of the World; for the first page of that dialogue—which in Italian is 409, but in Latin 309—thus begins: "After I myself had again and more often examined with myself the effects and accidents (partly seen by me myself, partly known from others) which are observed in the motions of the waters; and besides, having read and heard the remarkable vanities which many have adduced to render a reason of these accidents: not lightly did I feel myself drawn to admit these two conclusions, the necessary presuppositions being made."


[Margin: Galileo's 2 conclusions on the sea's tide.]



But the conclusions which he at once subjoins are these: "If the terrestrial globe be immobile, then the flux and reflux of the sea cannot naturally happen. On the contrary, if to the same globe be conferred the motions already assigned, [it is] necessary that the sea be subject to flux and reflux, according to all those [things] which are observed in it." Yet, a few [words] being interposed, he confesses that he does not so much arrogate to himself that he can render an adequate reason of all the effects which perhaps are detected in the seas placed outside the Mediterranean; but [says] that he nevertheless proposes a key which may open the door to a way never trodden by others, and he adds: "And although in other seas remote from us there can be found accidents unknown to our Mediterranean, nevertheless not on that account will that reason and cause which I shall produce cease to be true, provided it be confirmed by the accidents of our [own] sea, and fully satisfy them: for at last there must be one, true, and primary cause of effects of the same kind." From which [words] now, right at the very threshold, the fault of his discourse and judgment appears: for if the accidents of the marine tide outside the Mediterranean are not of the same reckoning with the accidents seen in the Mediterranean, but very diverse, and in some place in a certain manner opposite—and indeed in seas much vaster than the Mediterranean is—how does he, with so confident a mind, affirm that the cause satisfying the Mediterranean tide will also satisfy all the tides of all seas? For he does just as if someone, the cause of a quartan fever being detected, [and] satisfying all its properties, should assert that the same is the cause of all fevers, although he had not foreknown their accidents. But let us hear from him—partly under the person of Salviati, partly under that of Sagredo—the history of the marine tide observed in the Mediterranean, that we may be able thoroughly to know the foundation of his opinion.


[Margin: The threefold period of the marine tide.]



[II.] He says, therefore, that three periods are observed in the fluxes and refluxes of the sea-water: the First, and chief and greatest, is the diurnal, by which alternately the waters are raised through about 6 hours, and through the other 6 hours are depressed; the Second, the monthly, which seems to be effected not indeed by the Moon, but [to be] varied by an alteration of the first, with a notable difference, according as the Moon shall have been new, or full, or bisected [half]; the Third, the annual, which seems to depend on the Sun, inasmuch as it [the Sun] renders the diurnal fluxes greater or less, and diverse in the Solstices from those


[…continues on p. 361 (PDF 396) with the catchword "ijs, qui": "…from those which happen in the Equinoxes"—the rest of Galileo's tidal observations and his motion-of-the-vessel explanation of the tides.]





(printed p. 361 — within Chapter XIV (the tides). Finishes Galileo's tidal observations and reports the two causes he rejects (the Peripatetic struggle of waters and the Moon's influence). Galileo's own mechanism is then given with an engraved diagram: the compound of the Earth's annual and diurnal motions unevenly accelerates and retards its surface, this inequality being "the chief and primary cause" of the tides; his five tidal "accidents" begin.)
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[from those] which happen in the Equinoxes.


[Margin: In the diurnal motion, a threefold variety.]



But now, in the diurnal tide, he affirms that three diversities are noticed: for in some place the waters swell and subside without any progressive motion; elsewhere, without rising and falling, they now advance toward the East, now run back toward the West; in some place, finally, there is varied both the rising or swelling and the progressive and regressive course—as happens at Venice, where the waters, by approaching, swell, and by receding, subside; and this they do at the extremity of the length of bays extended from West to East, and bounded by such shores as afford space for the water to diffuse itself when, raised, it swells. But if its course were intercepted by mountains or higher banks, there it would swell and subside without progressive motion. Further, the waters of the sea run and run back without swelling or change of height in the middle parts of the Mediterranean—as happens most evidently in the Pharos of Messina, or the Sicilian Strait, between Scylla and Charybdis, where the running waters, on account of the narrowness of the channel, are most swift; but in more open seas, and about the Balearic islands, Corsica, Sardinia, Elba, the African coast of Sicily, Malta, Crete, etc., the changes of height are very small, but the courses of the waters notable, especially where the sea is constricted between two islands, or between some island and the mainland.


[Margin: The causes of the marine tide rejected by Galileo.]



[III.] These [things] being first narrated, he refutes two causes of these effects, adduced by some. The First indeed, from some Peripatetic or other (whose name I know not) who, adhering to the text of Aristotle, had said that the deeper waters, by the weight of their mass, expel the less deep, which—thrust upward—strive to descend, from which continual struggle the flux and reflux arises; for [he held that] the waters alone which have a higher surface drive away the lower and humbler, but that the deeper [waters] cannot do this; then, when the higher have lain upon [pressed down] the lower, [these] briefly come to rest, and with them are reduced to equilibrium. The Second cause, which not a few refer to the Moon (predominant over humid bodies, and luring to itself and raising up a heap of waters, which—continually following the Moon—make a swelling in that part to which the Moon is vertical; but when the Moon shall have gone under the Horizon, that swelling returns after six hours, on account of the tractive virtue which the Moon shall have communicated to the opposite degree of the Zodiac); or certainly [those who hold] that the Moon, by its temperate heat, rarefies the waters, and therefore [that] they swell: this [opinion], I say, he therefore rejects, because the Moon daily goes round the whole Mediterranean, and yet the waters are not raised except in its more eastern extremities, and near Venice; nor does a moderate heat suffice to raise water by the force of rarefaction, as anyone can test in tepid and not-yet-boiling water; nor can the disparity of reasoning hence be rendered, why the Moon rarefies the waters at Venice, and does not rarefy [them] at Ancona, Naples, [or] Genoa. And so he counts these and similar causes among poetic fictions. And when Simplicio, in that dialogue, had said that he would rather reduce this effect to a miracle, as supernatural—since indeed Aristotle too, in the beginning of the Mechanical Questions, seems to ascribe the cause of certain things whose causes are hidden to a miracle, or to number [them] among the marvels—Salviati subjoins that, if a miracle is to be introduced for the marine tide, the motion of the earth is rather to be introduced, but [as] made by a miracle and supernaturally, to whose motion afterward the tide of the sea may follow naturally and by a simpler way; nor would there be need of several miracles.


[Margin: Other causes rejected.]



For neither (he says), the Earth being immobile, can a reason be rendered why the water at Venice, within 5 or 6 hours, swells ten palms and more—the weight not being changed, not the density, not the cold, not the saltness (lest anyone have recourse to rarefaction), but by a manifest ingress onto the shores—and yet [why] it is not sensibly raised at Ancona, nor at Durazzo, nor at Corfu. For if anyone should have recourse to the waters of the Ocean entering through the Strait of Gades [Gibraltar]—that is, a channel not more than 8 miles wide—if that water in six hours ought to reach the farthest shores of the Mediterranean, and to traverse two or three thousand miles, certainly in one hour it would pass through more than 400 miles—which is an incredible velocity; nor could the ships in that strait, or near [it], strive against them [the currents], which nevertheless they do. Since, therefore, this cannot be explained if the Earth, as a vessel containing the seas, rest immobile, it must be inquired whether through the motion of this vessel the causes of these changes can be explained. Which he does,


[Margin: The likeness of the tide taken from the water of a moved vessel.]



by considering what would happen to a vessel or ship full of water, if indeed the vessel or ship be moved with a placid progressive course toward one part, but yet with an unequal velocity: for the water, being fluid and not firmly cohering with the vessel, while the vessel is retarded, [the water] itself—retaining part of the conceived impetus—would run forward, and would be raised up at the leading extremity of the vessel; but, on the contrary, if the motion of the vessel were quickened, the water—retaining part of its slowness, and remaining somewhat behind, before the whole [water] could conceive the new impetus—would recede into the following part of the vessel, and there would be exalted [raised]; but in the middle of the vessel scarcely any swelling of the water would appear, but rather a more notable current than at the extreme margins. And indeed an effect of this kind one may discern in the tides of the Mediterranean; it is consonant, therefore, [that] the vessel itself, that is, the Earth, is moved by such motions, which now retard it, now quicken it; and [that] the Earth, further, on account of the mixture of the annual and diurnal motion, is moved now more slowly, now more swiftly, he teaches by the following diagram.


[Margin: The Earth's motion, from the Diurnal and Annual, unequal.]



[IV.] From A, the center, let the great or annual orb BCDE be described, on whose periphery, any point being assumed—say B—let the globe of the Earth FGHK be described;


[Translator's note — engraved diagram: the large circle is the great orb (annual orbit), with center A, lettered B at the top of its periphery (also outer-arc points O above, P at upper-left, Q at upper-right, C at lower-left, D at the bottom, E at lower-right; M and N flank A on a small inner arc). Riding on the orbit at B is the small Earth-globe FGHK: center B, with H at top, K at left, G at right, F at bottom (and L just below F). The globe both circles A annually (B → C, eastward) and spins daily about B (H → K → F → G).]



which is understood to be revolved with the motion of the center B toward the East C, [and] to be moved so that in one Solar year it traverses the whole periphery of the great orb. Besides, let the same globe be understood to be revolved daily about its own center B, likewise toward the East, from H, through K, into F, [and] G, until, 24 hours being completed, it has completed the diurnal revolution. For hence it comes about that any part of the circumference of this globe is moved, at different times, by contrary motions: for indeed, while the parts near H are moved toward the left part K, the parts constituted at F are moved toward G, the right region; and while the parts from G ascend into H, the parts from K descend into F. Therefore, this contrariety of motions being posited, while the motion of the diurnal vertigo is joined with the annual motion of the center B, [it is] necessary that there result a motion on the surface of the earth, now sufficiently accelerated, now as much retarded; for the parts near H will be moved most swiftly, when the annual and diurnal motion conspire into the same region, or tend—the one in C, the other in K—toward the left: "Wherefore, in such a case, the diurnal motion increases and accelerates the annual motion" (the words are Galileo's own). On the contrary, in the part F the motion is retarded, because, although by the force of the annual motion it is borne toward the left, yet by the force of the diurnal motion it is borne toward the right: "Wherefore the diurnal motion subtracts from the annual motion." But about the points G and K the annual motion is nearly simple and equal, since the diurnal adds nothing, or very little, to the annual motion, or subtracts [nothing or very little]—since indeed there [the part] is borne neither to the left nor to the right, neither upward nor downward. This inequality, therefore, of the Earth's motions is the chief and primary cause of the marine tide, especially [the tide] made in longitude toward the East and West.


[Margin: 1st Accident.]



[V.] After these [things], Galileo considers five notable accidents of the marine tide. The First is, that the water, raised at the extremity of some vessel by the force of acceleration or retardation, does not stay in that exaltation, but not only reduces itself by flowing back to equilibrium, but also, from its own


[…continues on p. 362 (PDF 397) with the catchword "[à suo] pon[dere]": "…from its own weight"—the rest of Galileo's five tidal accidents, and Riccioli's reply.]





(printed p. 362 — within Chapter XIV, continuing Galileo's exposition: the five tidal "accidents" are completed and applied to explain six tidal effects (no tides in lakes, the six-hour periods, the Venice rise, the currents through narrows). Galileo's cause of the monthly period follows (the Earth-Moon system moving faster at new moon than at full), and the annual variation begins with an engraved diagram.)
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[from its own] weight, with the conceived impetus it springs back into the opposite part, raising itself to the other side of the vessel—not otherwise than the ball of a plumb-line [pendulum], after [its] descent, ascends through the opposite arc.


[Margin: 2nd Accident.]



The Second is, that the aforesaid reciprocations of the water ascending hither and thither are more frequent in shorter vessels, rarer in longer—not otherwise than the vibrations of a plumb-line suspended from a shorter cord are more frequent than [those of one] suspended from a longer.


[Margin: 3rd Accident.]



The Third is, that among waters enclosed in channels of equal length, those which are deeper complete their reciprocations in shorter times, but those which are less deep, less frequently.


[Margin: 4th Accident.]



The Fourth is, that the waters enclosed in vessels or channels of the earth are alternately raised and depressed about the extremities of the vessel, without progressive motion—unless perhaps, by swelling, they overflow beyond the banks; but the parts placed in the middle run forward and backward without sensible swelling.


[Margin: 5th Accident.]



The Fifth is, that in small vessels the acceleration and retardation is participated in the same manner by the whole vessel and by any part of it; but in the immense channels of the sea, not so: for when one extremity, on account of the mixture of the diurnal and annual motion of the earth, is retarded, the other extremity is carried forward by a motion still most swift—as in the preceding figure, when the parts of the sea H are moved swiftly, the parts G nevertheless less swiftly, and the parts F most slowly; if the tract of sea be so long that it equal the quadrant HG, or the semicircle FGH.


[Margin: The cause of the marine tide's effects.]



[VI.] These [things] being rightly considered, it is not difficult to render the reason of several effects which are conspicuous in the sea's tide. First, indeed, in lakes, ponds, and small seas, sensible tides do not appear, on account of the frequency of the reciprocating vibrations, before they can complete their effect by the retardation and acceleration of the earth (which happen alternately from 12 to 12 hours); for first the waters, somewhat exalted at the ends by the narrowness of the vessel, slide back by their own weight to equilibrium within one, two, or three hours—and so a notable tide is impeded. Secondly, although the period of velocity may embrace 12 hours through the semicircle GHK, and the period of slowness 12 hours through the semicircle HFG, yet, from the diverse length and depth of the seas, it comes about that those alternations are made from 6 to 6 hours—or certainly these are more frequently observed in our seas, [though] not in all: since indeed in the Hellespont, the Aegean, and in the Euripus at Euboea, the periods are short enough, and very diverse among themselves. Thirdly, therefore, in seas and bays [that are] longer indeed, but not extended in longitude toward the East and West, but toward the poles—of which kind is nearly the Red Sea—almost no tide appears, because the motion of the earth is in longitude, not toward the poles of the world; and accordingly the impulse of the waters strikes the meridians, not the parallels to the Equator. Fourthly, from those [things] which we experience in a vessel full of water and agitated toward one part, it is easily established why, in the extremities of the Mediterranean, the water is raised notably—so that at Venice it ascends to 5 or 6 feet—but elsewhere the exaltation is very small, so much so that about Corsica and Sardinia, and in the estuaries of Rome and the Ligurian harbor, it does not exceed half a foot. Fifthly, therefore, the same quantity of water, although otherwise it run placidly, if nevertheless the whole [of it] must be transfused through a narrow channel out of a broader channel, [it is] necessary that it run with great impetus through the narrower—as happens in the Sicilian Strait, and the Magellanic, and in the sea enclosed between Africa and the island of St. Lawrence [Madagascar]. Sixthly, however, these changes can be varied not a little, both by the blasts of the winds and by the rivers bursting into the sea—especially as to the course of the waters, which are borne thither whither they are impelled by the rivers: so, in the Thracian Bosphorus, the water always runs from the Euxine into the Propontis, and in the Sicilian Strait it runs from the Ionian into the Tyrrhenian, [yet] more swiftly in the Sicilian, because it is extended along the longitude.

[VII.] Thus far Galileo concerning the cause of the diurnal period of the marine tide; after which, a few [things] being interposed concerning the perpetual breeze within the Tropics, concerning the easier navigation toward the West, and concerning the falsity of [there being] a motion of fire from the concave of the Moon [margin: The cause of the monthly variation of the marine tide], he passes to investigating the cause of the monthly variation, and affirms (Latin page 333) that, if the annual motion of the Earth were not altered, the monthly period of the marine tide would cease. The cause, further, of this monthly alteration he teaches to be, that in the annual orb not the earth alone is carried about, but the whole Lunar system LO, [and] the Moon, when at New [it] is at L, and is near the Sun A, or the center of the great orb, the great orb with respect to it is the arc MLN, etc., describable from A as center; but when it is at Full, at O, the great orb with respect to the Moon is POQ, etc., any arc of which is greater than any similar [arc], or [than an arc] of as many degrees of the lesser circle MLN, etc. But it is certain that, other things remaining equal, the same mobile, by the same force, is moved in a shorter time through similar arcs of a lesser circle than through [those] of a greater. For this we discern not only in the celestial motions, but also in the terrestrial: for hence it comes about that the vibrations of a shorter plumb-line, and one nearer the center, are completed in a shorter time than [those] of a longer plumb-line, on this ground, that they traverse the arcs of a lesser circle. Hence likewise [it comes about] that that iron rod [hastile] which the makers of horizontal clocks place parallel to the horizon and librating [swinging] at the sides, for regulating the times of the clock, renders the hours longer if the leaden weights, which are hung at the heads of the rod, be hung far from the center of the rod; but quickens them and renders [them] shorter, if the weights be placed nearer the center—on this ground, that here they must pass through [the arc] of a lesser, there of a greater, circle. Therefore likewise the Moon, at New, ought in the annual orb to pass through similar arcs in the lesser circle MLN, and accordingly in a shorter time; but at Full, [through] the arcs of the greater circle POQ, and in a longer time. That force, therefore, which moves not the earth FGHK alone, but the whole Lunar system OL, toward the East, ought—by reason of the Moon—to impart those monthly varieties to the terrestrial globe, and to render the annual motion non-uniform, and to refund [pour back] that variety into the tide of the sea, [which is] founded upon the annual motion of the earth together with the diurnal. But [as to] why the Astronomers have not observed these monthly variations in the annual motion of the Earth, or (as others will have it) of the Sun, [it is] no wonder, since many other subtleties [remain] hitherto unobserved by the Astronomers, or only roughly noticed.


[Margin: The cause of the annual variation in the Tide of the Sea.]



[VIII.] There remained the cause of the annual variation in the sea's tide to be adduced, which Galileo begins to expound from Latin page 340 (Italian 451)—having premised, however, that it is more difficult to understand, and requires a great abstraction of mind. He says, therefore, that the inequality of additions and subtractions which the diurnal vertigo of the earth communicates to the annual motion depends on the inclination of the axis of the diurnal motion upon the plane of the great orb, or Ecliptic—on account of which inclination the Equator of the earth cuts the Ecliptic always at the same angle of inclination retained; but [that] the addition is as great as is the whole diameter of the Equator, the center of the Earth being [placed] in the solstitial points; but outside these [it is] less and less, according as the center of the Earth is less and less distant from the Equinoctial points, where those additions become least. But, that the matter may come out clearer, let there be designated, in the following figure, the great orb AIP, on whose circumference,


[Translator's note — engraved diagram: the large oval is the great orb (annual orbit) seen obliquely, with its long diameter lettered A (a solstitial point, at the left, where the Earth's globe is placed), running through center to P (the opposite solstitial point, at the right), with I an equinoctial point on the orbit. At A sits the Earth's tilted globe CFBG (axis CAB inclined to the orbit-plane; the Equinoctial circle DGEF crossing it, its trace on the orbit-plane being the line DE). A second copy of the globe is drawn at the equinoctial position I (axis CIB, equator GEFD, trace DE, with the orbit-tangent HIL there perpendicular to DE, and the perpendiculars GS, FV onto HL). The diagram shows how the daily-rotation's contribution to the orbital speed equals the full diameter DE at the solstice A, but shrinks to SV at the equinox I.]

[…continues on p. 363 (PDF 398) with the catchword "ipsius": "…[the half] DFE of the same Equinoctial [circle]"—the geometric demonstration of the annual variation, Galileo's conclusion, and the start of Riccioli's own "History of the Motions of the Sea."]





(printed p. 363 — within Chapter XIV. Finishes Galileo's geometric demonstration of the annual tidal variation and his conclusion ranking the tides among the strongest Copernican arguments, seconded by Gassendi but refuted by Chiaramonti, Cabeo, and Furner; Riccioli says judgment requires a fuller tide-history. A new sub-head opens, "A History of the Motions of the Sea," beginning with the First Motion, from North to South.)
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[the half] DFE of the same Equinoctial [circle] remains inclined below the plane of the great orb, and the other half DGE raised above it. Let there now be made a diurnal revolution of that Equinoctial [circle] according to the consequence of the points DGEF, and let the motion of the center be from A toward I. But since, while the center of the terrestrial globe is in A, the axis CAB—erected to the diameter DE of the Equator—falls in the Solstitial Colure, whose common section with the great orb is AP, it follows


[Margin: The variation in the Solstices.]



that the line AP is perpendicular to the line DE (since the Colure is erected to the great orb); and accordingly the line DE touches the great orb in point A; so that, in this position, the motion of the center through the arc AM—which is by the force of the annual motion, of about one degree daily—behaves just as if it were made through the tangent DAE. And because the point D, carried by the diurnal vertigo through G into E, adds as much to the motion of the center (as if moved through the line DE) as is the whole diameter DE, and on the contrary subtracts as much while it is moved through the other lower semicircle EFD, it comes about that the additions and subtractions in this place are measured by the whole diameter DE.


[Margin: The variation in the Equinoxes.]



[IX.] Let the center of the terrestrial orb now be transferred to I, one of the Equinoctial points, and let there be there the Equinoctial [circle] GEFD, and its common section with the great orb DE, and the axis CIB with the same inclination; but the tangent of the great orb in point I is no longer the line DE, but a certain other [line] which cuts this at right angles, namely the line HIL, along which the instituted motion of the center I is understood [to proceed], advancing through the circumference of the great orb. For, these [things] being posited, now the diameter DE no longer measures the additions and subtractions which the diurnal motion brings to the annual motion, since DE is not extended along the line HIL of the annual motion—nay, cuts it orthogonally; wherefore the termini D, E add nothing or subtract [nothing]; but the additions and subtractions are to be sought from that diameter which falls in the plane erected to the great orb, and which cuts it along the line HIL—which diameter indeed will be the line GF; and the additive motion (so to speak) will be that which is made from the point G through the semicircle GEF, but the subtractive, that which is made through the semicircle FDG. Further, since this diameter GF is not in the line HIL of the annual motion, but cuts it in point I—the terminus G remaining raised above, and F depressed below, the plane of the great orb—it does not determine the additions and subtractions according to its whole length; but their quantity is to be taken from the parts of the line HL which are intercepted between the perpendiculars raised upon it from the termini G, F—which [perpendiculars] are understood to be GS, FV—so that the measure of the additions is the line SV, less than GF or DE, which was the measure of the additions in the Solstices. And hence, at last, is that third variety of the annual period which appears in the tide of the sea, comparing the tides which happen in the Solstices and in the Equinoxes.


[Margin: Galileo's conclusion.]



[X.] He concludes, therefore (Galileo, p. 342 of the Latin version), that the three fixed and perpetual causes of the marine tide are: the inequality of the diurnal motion communicated to the annual motion, but varied monthly by the annual motion (by which the whole Lunar system is transferred more swiftly in new moons, more slowly in full moons), and finally varied annually in the Solstices and Equinoxes by the inclination of the axis of the diurnal motion upon the plane of the great Orb; but [that] the remaining causes are accidental, and, without rule, partly unobserved, partly unobservable—namely, the blasts of the winds, the depths of the seas, and their diverse lengths, positions, and inclinations. But he wonders at Kepler—to whom those three motions of the Earth were known—[that] he nevertheless reduced the tide of the sea to the predominance of the Moon over the water, and other occult properties; and (p. 344 of the Latin, but Italian 456) [says] that one of the chief arguments for the motion of the Earth is this, drawn from the tide of the sea, saying: "Therefore, from the colloquies of this four-day [conversation], we have remarkable testimonies for the Copernican system, from which these three [are] taken: the first from the station, retrogradation, and approach and recession of the Planets; the second from the revolution of the Sun upon itself, and from those [things] which are observed in its spots; and the third from the flux and reflux of the sea—[these] seem sufficiently conclusive." To whom so far subscribed Pierre Gassendi (Epistle 2 On the impressed motion from a translated mover, from p. 149 to 155), so that, by the example of the little boat full of water, he reduced Galileo's reasons into an epitome; and after the argument from the Solar Spots—which he likewise thought demonstrative of the earth's motion—he said: "So demonstrates Galileo, to whom this, besides, ought to be [granted]: that from the assigned motions of the earth he has so set forth the tide of the Sea that he seems at last to have found out its genuine cause."


[Margin: Authors impugning Galileo.]



But the contrary felt [held] Chiaramonti, in his Italian defense of the Antitycho (part 4, chh. 24, 25, 26, 27, 28), where he refutes Galileo; P. Cabeo (on bk. 2 of the Meteors, text 6, from q. 7 to 10); and P. Georg Furner S.J. (book 9 of the Hydrography, from ch. 14 to 20)—which two Fathers far more fully and solidly refute Galileo's invention. But neither their arguments, nor ours, against Galileo can be adequately understood, unless there be premised a history of the marine tide, and indeed a more accurate one than was done (bk. 2, ch. 15), where we were instructing the Beginner [Tyro], nor was there occasion to descend so profoundly into this controversy.

A History of the Motions of the Sea, collected from diverse Writers

[XI.] This history—besides those who have described to us the Indian navigations—touch upon, in the first place, not a few Authors named by us (bk. 2, ch. 15, in scholium 1), to whom are to be added: Bartolomeo Crescenzio (bk. 3 of the Mediterranean Nautics, from ch. 2 to 4); Bartolomeo Mastrius (disp. 4 On the heaven & Meteors, q. 4, from num. 148); Hieronymus Trimarchus (bk. 2 of the Meteors, disp. 1, from sect. 6 & 7); Federico Delfino (the little work On the tide of the sea); Albertus Magnus (On the properties of the elements, tr. 2, ch. 6); Francesco Resta (bk. 3 On watery Meteors, in the treatise On the Sea, from ch. 13 to 16); and Georg Furner (bk. 9 of the Hydrography); Lucas Aurigarius the Hollander (in the Marine Thesaurus); and Claude Duret. From these, very many concede three ordinary motions to the Sea: one in longitude, another in latitude, the third in altitude; for the extraordinary [ones], made by the winds, we do not here consider.

The First Motion of the Sea, from the North toward the South

[XII.] The motion of the sea from the North toward the South, long ago, with Aristotle (bk. 2 of the Meteors, ch. 1, text 6), recognized in the same place Alexander of Aphrodisias, St. Thomas, Vicomercato, Niphus, and most of the interpreters, as also Albertus Magnus (tract 3 of the Meteors, ch. 6). For the Maeotis marsh [Sea of Azov] flows into the Euxine Pontus [Black Sea] through the Cimmerian Bosphorus, and the Pontus into the Propontis, and the Propontis into the Aegean through the Thracian Bosphorus, and the Aegean into the Mediterranean.


[Margin: The 1st cause of this motion.]



Of which motion Aristotle brings a twofold cause: one, from the multitude and magnitude of the rivers bursting into the Maeotis and Euxine (of which kind are the Tanais [Don], the Danube, the Borysthenes [Dnieper]), but comparatively to the narrowness of the Maeotis and Euxine, and [their] small depth, which cannot contain so great a mass of waters within their channels, but are forced at once to discharge it into broader and deeper seas. For the Maeotis marsh, if we believe the Geographers, scarcely has six or seven ells [ulnas] of depth; for Aristotle adds that the Euxine is deeper than the Maeotis, and the Aegean sea than the Euxine, and the Sicilian [sea] than the Aegean; but the Sardonian and Tyrrhenian [are] the deepest of the whole Mediterranean. From the same abundance of waters bursting into the Euxine, Strabo reports (bk. 1 of the Geography) that the Pontus opened a way for itself by force into the Propontis—which from the beginning it did not have—and, by a continual percussion [battering], laid open an entrance for itself to the Herculean Strait [Gibraltar], into the Mediterranean. The other cause the Philosopher refers to the altitude of the earth, more elevated about the Arctic pole; whence he says it follows that from the Arctic pole a great force of waters runs down toward the South. But [as to] why the Caspian Sea, although great rivers discharge into it, and it be not very large, nevertheless does not run down openly into the Euxine or some other sea, the cause is [this]: because it does not communicate with it through any strait or channel; wherefore it is forced to transmit its waters through subterranean passages to the Euxine, and thence to the Mediterranean—as not a few of the Geographers think.


[Margin: The 1st confirmation of this motion.]



This motion, further, from the North toward the South, is confirmed, first, from the easier and swifter navigation which is from the North toward the South: since indeed—Fromondus being the asserter—[one] sails more swiftly and readily in the Atlantic from Denmark and Holland


[…continues on p. 364 (PDF 399) with the catchword "[Hollan]dia": "…from Denmark and Holland"—the rest of the confirmations of the sea's North→South motion.]
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[Hollan]dia into Spain, than from Spain into Holland or Denmark; Furner too, our [father] (bk. 9, ch. 22 of the Hydrography), affirms that ships which set sail from the Azores toward the Equator complete their voyage much more swiftly than those which, from Brazil or from Havana (southern places), attempt to return to the Azores; for these, that they may be less hindered (by an oblique navigation) by the currents [running] to the South, must skirt the shores of America between Florida and the island of Bahama and Virginia, and measure out a journey ten times longer than that which they had made from the Azores to Brazil.


[Margin: Vallesius's error as to the cause of this motion.]



Which greater swiftness is, in its way, discerned also in the navigation from the Euxine to the Aegean, and from the Aegean into the rest of the Mediterranean, even when the winds rest—so that in vain did Francesco Vallesius (ch. 50 of the Sacred Philosophy) refer it to the North winds. Furner adds (bk. 9, ch. 31) that, in the Year 1630, a ship which had set sail from Dieppe, and in February had reached latitude 2 degrees near the Equinoctial, after it had run for 24 hours toward the Southwest [Libycum]—although it judged itself made more southern—was nevertheless, on account of the currents toward the Northeast [Graecus], still in the 2nd degree, where [it had been] before.


[Margin: 2nd Confirmation.]



It is confirmed, secondly, most evidently from the masses of ice which (by the testimony of Furner, in the place adduced above) are rolled down from the North toward the South—as those have experienced who have sailed across the Atlantic to North America, or thence into Norway: for [those] going toward Bergen of Norway, along the Vaegas, or [toward] Nieulandia, must always direct their course beyond Hunem [the Hoorn?], unless they wish to perish on account of the ice rushing from the North. And in the Year 1635 the French Fleet, sailing toward Canada, found certain huge bell-like [masses] of ice, and one of them so vast that they could scarcely draw themselves away from it over a space of 40 leagues; nor is it ever sailed to Canada but that floating islands of ice of this kind, rolling themselves from the North, are presently found. Since, therefore, glacial masses of this kind always rush toward the Equator from the Northern region, it is manifest that the sea thence perpetually runs toward the South.


[Margin: 3rd Confirmation.]



It is confirmed, thirdly, from those who have made the voyage to the Moluccas or the Philippine islands; for they have experienced an incredible velocity of the sea, now from the North toward the South for 12 hours, now from the South toward the North for another 12—as Furner narrates in the same place, and ch. 31. But also Fromondus notes, from the Enchiridion of Bartholin the Dane (bk. 4, ch. 8), that the Baltic Sea not only flows out from the North, but flows back toward the North—which he [Bartholin] attributes to the rivers flowing, on this side from the North, on that side from others toward the North, and [to their] impelling the Baltic by diverse motions. Many Geographers too—especially Mercator, Plancius, Magini, and Bertius—narrate that under the Arctic Pole there is an immense whirlpool [vorago], into which the sea is most rapidly borne through four Euripi; which, however—how it could be known—Pifferus wonders (on ch. 3 of the Sphere).


[Margin: The [daily] Flux of the Sea to be distinguished from this motion.]



To this motion, however, does not properly pertain that flux and reflux which is from the Gothic [Baltic] sea to the shores of Gaul, and in turn from the shores of Gaul toward the Gothic sea; for this is the daily tide of the sea, reciprocating to and fro—which is also discerned daily at Spitsbergen, at an elevation of 24 degrees [sic], from North to South, and in turn from South to North. Further, the cause of the course of the Sea from the North to the South in the Gothic and Atlantic [seas], or, toward the Moluccas and Philippines, now to the North, now to the South, is not to be referred either to rivers or to the height of mountains whence the waters glide down into the sea—since in that tract there are no such rivers flowing toward the South, nor is that part of the earth higher than the mountains of the Moon or of America; nay, the Dutch and Zeeland sea appears higher than many islands, and the Rhine and several other rivers flow from the Alps toward the North. But it seems rather to our Furner (bk. 9, ch. 22 of the Hydrography) [that it is] to be referred to the Sun, continually diminishing, by its heat and by the attraction of vapors, the waters which are within the Tropics; whence it comes about that, the waters failing at the surface, the waters run by their own weight, on this side from the North, on that from the South, toward the Equator, to equalize their level—especially if it is true (as the same Author there affirms) that, when the Sun is in Capricorn, the waters which are within the Tropics cross the Equator and rush toward the Tropic of Capricorn; and in turn, the Sun being placed in Cancer, the waters from the Tropic of Capricorn rush toward the Tropic of Cancer.

Of the same opinion is Francesco Resta (bk. 3 of the Meteorology, tract 1 On the Sea, ch. 16), affirming [that] it happens from the Sun's action that the waters flow now toward one Tropic, now toward the other; nor does he think [it] to be contemned, what Aristotle had said on another occasion (sect. 23, probl. 20)—namely, that salt waters are more stable, on account of a certain viscosity similar to oil, but fresh [waters] flow more easily, and [that] the waters near the poles are established to be less salt, but could not flow toward the salt waters enclosed within the Tropics unless these, by their depression, yielded place—which [depression] would have to be equalized by the polar waters. Mastrius too (disp. 4 On the heaven and Meteors, q. 4, num. 148) thinks the sea-waters flow from the South and from the North toward the Equator, on this ground, that, by the excess of heat, much of the water contained in the Torrid Zone is converted into air, and, on the contrary, near the poles a great force of waters from the snows and mists rains down into the sea. But Bartolomeo Crescenzio (bk. 3 of the Mediterranean Nautics, ch. 2) so ascribes this motion to the Sun's action, and admits [the waters] to flow from the poles to the Torrid [Zone], yet so as not to admit that the waters within the Torrid are rendered more depressed on account of consumed vapors; but [holds that], on account of the waters attracted by the Sun and converted first into vapors, then into air, the remaining waters of the seas, by the force of continuity, run to fill their place which was under the Torrid Zone. Finally, our Cabeo too (Meteors bk. 2, text 6, q. 2) approves the same cause—namely, hence a great consumption of water in the hotter places about the Equator, and a great abundance of rains and snows about the poles, and therefore [that], to preserve the equilibrium of the sea, the waters flow together from both poles toward the Equator; but he adds [that], just as in very cold weather, the more the surrounding air is colder, the more abundantly the water distills, as if by an alembic, so in the polar parts, where the surface of the earth is colder, the vapors ascending from the bowels of the earth to the hollows of the polar mountains more easily congeal into waters, and distill into more copious waters, and therefore thence greater rivers, or more copious springs of waters, burst forth.


[Margin: Whether more and greater rivers [rise] from the poles, or under the Equator.]



But Furner and Crescenzio teach the opposite: namely, that under the Equator more and greater rivers gush forth—of which kind are the Nile, the Manicongo, the Cuana, the Zaire, the Coanza, the Niger, and others in Africa; but in America, the Maranhão, the Aureliana, the Silver River [Río de la Plata], the river of St. Dominic, of St. John, and several other huge rivers, to which by no reckoning can [those] be compared which roll down from the Northern mountains into the sea. And they think the cause to be [this]: because under the Torrid [Zone] the soil, on account of the exhalations and vapors perpetually drawn out by the Sun, is filled with more and greater pores, to fill which more waters run from the subterranean reservoirs of waters. But to dispute of this is not of this place.

The Second Motion of the Sea, from the East toward the West

[XIII.] No less evident in the sea is this motion than the preceding: for it is established that far more swiftly—even with the wind ceasing, or with an equal tenor [of wind] impelling the sails—one sails from Palestine to Spain than from Spain to Palestine, and from England to Ireland than from Ireland to England. More swiftly too one sails from Spain to the West Indies, so that Mexico, or the islands nearer it, are reached in about one month, or at most two months; whereas thence, the reverse, one cannot sail back except in four, five, or even six months, and there is need—to flee the waters running toward the West—to obtain stronger winds blowing toward the East, and therefore an oblique course toward the North must be instituted. But also the Portuguese, when (the Cape of Good Hope being passed) they make for the East Indies, even if they use favorable winds, reach Goa or Malacca much more slowly than [those] sailing back thence toward the West; which many shipmasters testify, and our P. Antonio Magalhães the Portuguese confirmed, in the year 1633, when he was destined Procurator of the Goa Province for the General Congregation. For the sea so runs toward the Cape of Good Hope—especially between Ethiopia [Africa] and the island of St. Lawrence [Madagascar]—that there is far greater danger of shipwreck there than in the strait


[…continues on p. 365 (PDF 400) with the catchword "in fre[to]": "…than in the strait of Sicily"—the rest of the eastward-current evidence, then the gyre-motion arising from the two, and the opening of the Tide proper (Flux and Reflux).]
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[in the strait] of Sicily, or in the sandy places of Flanders; and our Fathers, returning from the Chinese kingdom, or from East India, affirmed that not even with favorable winds could they sometimes resist [the course] toward the East, especially under the Equator. Hence, from this motion—[this] course of the waters into the West—are infamous for shipwrecks the Vale of Jehoshaphat at the Island of St. Lawrence [Madagascar], and, in the Mexican Gulf, the Island called the Dragon's Mouth [Os Draconis], and [the waters] near Guadalupe and the harbor of Cartagena and St. Martha—so much so that ships, even with the wind helping, cannot stand against [it], and scarcely in one day [can make] one mile, or in 7½ days complete 40 miles, the sounding-lead being very often snatched toward the West, as Trimarchus testifies (bk. 2 of the Meteors, disp. 1, sect. 6, from the narration of the shipmasters of the Spanish Knights when he was at Madrid), and Willebrord Snell (in his Batavian Tiphys, bk. 2, prop. 8)—adding that, between Brazil and Angola, this motion of the sea is borne, from the 20th of April to the 20th of July, toward the North-West [Zephyroborea]; but from the 20th of October to the 20th of January, toward the South-West [Austrozephyrus]. There narrates too Adriaan Metius—and from him Furner (bk. 9 of the Hydrography, ch. 23)—of a certain ship's captain sailing from Brazil to the island of St. Helena (which is to the east of Brazil) [who], when, with favorable winds, he had sailed several days in the same sixth parallel of the Equator and thought himself very near that island, found himself still near the coast of Brazil. Besides, those who sail from Gaul to Brazil make straight for Guinea, that thence, having got the sea-course toward the West, they may sail more happily; for this course is much more sensible within the Torrid [Zone] than far from it. But in the Pacific Sea this motion is most evident: for indeed [those] sailing from Acapulco make toward the South to the 10th degree of southern latitude, and, keeping their course in that parallel, in 85 days reach the islands of the Robbers [the Ladrones/Marianas], 3000 leagues being completed, without any use of their sails; and thence, ascending to the 13th degree of latitude, having departed from those islands, with the same felicity reach Manila, which is in Luzon, one of the Philippines. But from the nautical Ephemeris of Thomas Roe, an English nobleman who—sent by his King—was legate to the princes of India in the Year 1614, and especially from the diary of Walter Peyton, it is established that, when the English, on the 22nd of June, had reached the island Mohéli [in the Comoros], it was shown them by the inhabitants of that region that there had been a current which for 15 days flowed toward the East, and for another 15 days toward the West; which by their own experiment the English confirmed; and that island is between the Cape of Good Hope and the island of St. Lawrence, or Madagascar. But that also is marvelous which Lord de Hayes relates (in Furner) in his itinerary from Gaul to Constantinople: namely, that in the Danube the water runs down more swiftly morning and evening than about noon, and that this is manifest near Buda and Belgrade from the wheels of the mills.


[Margin: The cause of this motion.]



Whence Furner gathers the cause of the sea's motion toward the West to be the Sun, perpetually attracting the vapors and exhalations (especially within the Torrid [Zone]), and this by its course toward the West; so that accordingly [it is] necessary that the waters run from the East, that by a continual course they may conserve the equilibrium of the sea. Be it that Kepler (in the introduction to the Commentaries on Mars) attributes it to the magnetic virtue of the Moon, drawing forth the waters while it [the Moon] is moved toward the West by the diurnal motion—which force he says to be so great that, unless in turn the earth drew the sea-waters to itself, all the sea-waters would be raised and would flow into the body of the Moon—which Furner thinks said gratis [groundlessly]. But others, with Vicomercato, attribute it to the diurnal motion of the heavens, snatching the air and sea toward the West; to whom does not gainsay Francesco Resta (in the named ch. 16), nor Mastrius (above). But the Author of the book On the elements [Tyennensis] attributes it partly to the heat of the Sun raising vapors, partly to an occult and as-if-magnetic virtue, by which, as it draws the clouds, so also it draws the sea-waters with it thither whither it [the Sun] itself is borne by the diurnal motion—from whom does not dissent Trimarchus, in the place already adduced. But Scaliger (exercitation 52), Contarini, the Coimbrans, and Aversa ascribe this to the occult qualities of the heaven, to whom Mastrius also tacitly assents. Further, Cabeo (Meteors bk. 2, text 6, q. 3), from the supposition that there is a motion of this kind, refers its cause partly to the perpetual or frequent East [subsolani] winds, especially within the Torrid [Zone], partly to the Sun drying up the waters, etc.


[Margin: By whom this motion is called into doubt.]



I said "from a supposition," because he himself doubts of this motion, and rather thinks it false; but Fromondus (bk. 5, ch. 1, art. 6) denies it, and says that that ease of navigation toward the West wholly proceeds from the East [subsolani] winds blowing continually, chiefly within the Tropics—which winds Joseph Acosta acknowledged and testified (bk. 3, ch. 4 & 8), and the Dutch nautical diary of the Year 1595, from which it is had that the ship sailed from Lima in the Year 1580, and in the months of February and March completed, under the same parallel, 1700 leagues toward the West, the wind in the Pacific Sea being perpetually favorable; and [that] Álvaro de Mendaña, sailing from Peru, by the same benefit reached in a short time the islands of Solomon. Hence, therefore, it is (says Fromondus, and Cabeo nearly subscribes) that the Spaniards make straight for the Canaries, that there they may fill their sails with the winds blowing from the East, and by a very short voyage reach the island of St. Dominic [Hispaniola]; but on the return they are forced to go out of the Torrid [Zone] up to the 37th, or even 40th, degree of elevation, that they may enjoy the West winds [Favonii], by which somehow they return into Spain by a long and oblique course—be it that, from the 40th degree on, the winds are now inconstant, by the testimony of Acosta (bk. 3, ch. 7).


[Margin: Confirmation of this motion.]



But since even in a parity of winds—nay, with favorable winds blowing toward the East—navigation toward the East is most difficult, as we narrated above; to which add, from Scaliger (exercitation 52), who learned [it] from the shipmasters, that one reaches the island Madagascar under the eighth southern parallel, [and] Moabar of India in 20 days, whence one does not return except in three months, with whatever equal force of winds—since, I say, these [things] are so, and very many shipmasters, or [those] most skilled in navigation, after Columbus acknowledge, besides the winds, also and chiefly this course of the waters, it is not to be said that they are deceived in a matter of so great moment.

A Motion of the Sea arising from the two aforesaid

[XIV.] Therefore, from the motion of the Sea from the Pole (especially the Arctic) toward the Equator, and from the motion of the same toward the West, there follows a certain other motion in a gyre [circle], by which it [the sea] seems to return toward the East through certain straits and along shores: for while it strikes against opposite shores, it is forced to flow back. So Contarini (bk. 2 On the Elements), and Scaliger (exercitation 52), and others noted: the Mediterranean, by striking against the shores of Africa and Spain—since through the narrows of the Gaditan [Gibraltar] strait it cannot wholly flow out as fast as would be fair—returns by a winding course toward the shores of Africa up to the coasts of Asia Minor, and by this bend flows along the coast of Dalmatia toward Venice, and from Venice along the shores of Italy is carried up to the Sicilian strait. But in the Sicilian strait it is most well-known that one part of the waters is borne upward at the same time, and the other downward, most swiftly. The reciprocal up-and-down motion, however, is noticed in most Euripi or Straits—and in the Sicilian strait indeed, twice in single days, it is moved in a gyre to opposite parts; but this pertains to the tide [aestus], of which below. Scaliger adds that in the Scythian Ocean the waters run toward the East, and in the Atlantic toward the Land of Labrador. But marvelous is what Furner says (bk. 9, ch. 6): that in six hours the Mediterranean flows out through the Gaditan strait, but the Ocean enters [as] victor for 18 hours. But if anyone desires other notable examples of waters running into diverse regions of the world, let him consult Furner (bk. 9 of the Hydrography, ch. 31).

On the Third Motion of the Sea, which is called the Tide, or Flux and Reflux in general, where [there are] certain Marvels

[XV.] Although the motion of the Sea—especially that which we indicated at number 14—can be called Flux and Reflux, yet, the word being used more strictly by Sailors and the more skilled Hydrographers, by the name "Flux and Reflux of the sea" is understood that motion which is not merely boreal [northern], but is made with a certain alteration, on account of which the Sea swells and subsides as if by boiling up and boiling down [defervescendo]; whence it is also called the Sea's Tide [Aestus]; and those bays and harbors in which is manifest the access of the swelling Sea and the recess of the subsiding [Sea] are called Estuaries. But some think the "Tide" [Aestus] [is so] named (whence also "summer," aestas) from burnt air, or from the abundance of heat. But now the Phoenicians of old, and afterward the rest of the Sailors, observed three variations of this tide: one which happens twice daily; the second, which
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[from the bottom] drives the sea-beasts upward to the surface of the sea, as affirm Albertus Magnus (On the properties of the Elements, tr. 2, ch. 6), Vallesius (ch. 52 of the Sacred Philosophy), and Francesco Resta (tr. 1 On the Sea, ch. 13); nor does Pliny deny it absolutely, but speaks comparatively—[for Pliny says, bk. 2, ch. 97:] "But about the shores rather than in the deep are these motions detected." And not only the sea, but certain springs swell like seas.


[Margin: The tide of the sea even in the deep. — Wells and Springs tiding together with the Sea.]



Such was the spring, enclosed in the manner of a well, at Gades [Cadiz], near the temple of Hercules, which swelled and subsided with the Ocean, but at other times did this at different times, as Pliny reports (bk. 2, ch. 97). But also Ortelius narrates that in Connaught of Ireland a spring is found on the top of a mountain, which, according to the prescript of the neighboring sea, swells and subsides twice daily. Pliny adds (above) that on the bank of the Baetis [Guadalquivir] there was a town whose wells subsided when the tide grew, and grew when the tide decreased, but at the middle times were unmoved; and that the same was the nature of one well, which was at Seville. Finally, Albertus Magnus (On the properties of the elements, tr. 2, ch. 5) reports that the fresh waters of certain cities of Arabia along the sea—as in the city Azim and Albastrach—are wont to tide with the sea.


[Margin: Whether men die when the tide recedes.]



But that is marvelous, if true, which Pliny narrates (bk. 2, ch. 98), saying from Aristotle: "To these Aristotle adds that no animal expires except when the tide recedes. This was much observed in the Gallic Ocean, and found only in man." Which Bodin thinks false. But Levinus Lemnius (bk. 4 On the miracles of nature, ch. 1), although he dares not disapprove Pliny, yet adds that he has detected some [men] to have died at the access of the Ocean, and, in the maritime tract of Belgium, [men] to be in danger—strong men [coming into peril] with the tide acceding, feeble [ones] with it receding. But Furner affirms (bk. 9, ch. 1) that mixed bodies never abound more in humors than when the Sea tides and swells; nor are they ever more dried up than when the sea subsides and decreases—wherefore, since the Moon predominates over humors, it is a sign that the sea's tide has a great connexion with the Moon. To this it is agreed: that, if any shore feels the tide, [the tide] there becomes greatest where are the mouths of great rivers, and that those coasts which are stretched out into the sea experience it sooner than those which have receded within the lands; on the contrary, the rivers themselves, lakes, [and] ponds—just as neither the seas which are similar to ponds, like the Caspian—do not suffer a tide of themselves, except through the mouths by which they communicate with the sea.


[Margin: Pliny's universal opinion concerning the Tide.]



Lastly, that [saying] of Pliny is to be recalled, from bk. 2, ch. 97: "But all tides in the Ocean cover and inundate greater spaces than in the rest of the sea, etc."—neither lakes nor rivers are similarly moved.

An Accurate History of the Sea's Tide


[Margin: The Mediterranean Tides.]



[XVI.] The Tides of Europe are thus. In the Mediterranean the greatest part of the shores lacks a sensible tide—certainly, as in the Caspian none [exists] (although this rather pertains to Asia), so neither [does] the Euxine Sea, of which is that [saying] of Pliny (bk. 2, ch. 97): "The Pontus always flows out into the Propontis, [but] the sea never flows back inward into the Pontus." In which place he adds, thirdly, that one reaches Utica from Italy on the third day, the tide running strong. For the African shores at Utica, Tunis, Hippo, and certain other coasts feel some tide, but [a] greater [one] the island of Malta. In the Adriatic gulf, about Ravenna and Aquileia, formerly [the tide] was so great (by the testimony of Procopius, bk. 1 On the Gothic War) that it occupied many thousands of paces, and the sailors in the morning would await the tide, by which they might the sooner bring in their wares; but in the evening [the tide] was wont to subside and flow back: now it occupies about two miles of the Venetian shore, and, boiling up from the bottom (as Contarini noted), rises 3, 5, or 6 feet. Therefore the city [Venice] is wont, from time to time, to fortify itself with bars and banks, lest it be overwhelmed by the tide. But about Corsica, Sardinia, and in the estuaries of Rome, and about Elba, Malta, [and] Crete, [the tide] scarcely [rises] half a foot. On the coast of the Province [Provence] at Marseille, a whole foot rises; in the rest of the Tyrrhenian no tide is felt, whether on the western coasts of Italy, or on the eastern shores of Gaul and Spain; but neither is any [tide] ascribed to the shores of Greece.


[Margin: The Euripi.]



A greater tide, or flux and reflux of the waves, is discerned in the Euripi and Straits: for Pliny testifies (bk. 2, ch. 97) that the Tauromenitan [Taormina] Euripus flows and reflows several times a day; and Patricius, in his Pancosmia, says that in Liburnia, at the town of Assuerus, there is a most narrow Euripus of 10 paces, where the sea tides more than twenty times a day.


[Margin: The Chalcidic Euripus.]



But nothing more memorable than the Chalcidic Euripus, between Boeotia and the island of Euboea, where—not at uncertain times or turns (as it pleased Livy, Decade 3, bk. 8), but seven times by day and seven times by night—the sea flows and reflows, as Cicero affirms (bk. 1 On the Nature of the Gods), Strabo (bk. 1), Pomponius Mela (bk. 2, ch. 4), and Pliny (bk. 2, ch. 97); which Euripus indeed St. Basil elegantly describes (homily 6 of the Hexaemeron); but it is borne with so great an impetus sometimes that it seems to rush from the highest mountains. But Gillius, who explored those places (as Francesco Resta narrates, tr. 1 On the Sea), affirms, from the relation of the inhabitants, that that Euripus now tides only four times, not seven, [but] sometimes does not keep these turns. The cause Scaliger (exercitation 52) refunds into the waters intercepted by underlying rocks, which are poured back alternately.


[Margin: Whether Aristotle threw himself into the Euripus.]



But some report—from Sts. Justin and Nazianzen, and from Procopius, Caelius, [and] Vicomercato (in the description of Euboea, and others), [and] Magini—that Aristotle, from despair of grasping the cause of this Euripus, threw himself headlong into it, saying, "Since I do not grasp thee, O Euripus, do thou grasp Aristotle"—but nothing of the kind about Aristotle [does] Laertius [report] in his life.


[Margin: The Tide of the Sicilian Strait.]



But before we go out from the Mediterranean, the tide of the Sicilian Strait, or of Messina, must be observed—where, although the water rises a little above one palm at Scylla and Charybdis, nevertheless it flows and reflows up and down most rapidly, so much so that Aristotle numbered it among the marvels of the world. Bartolomeo Crescenzio narrates (bk. 3 of the Mediterranean Nautics) that, when he entered this strait near Scylla and Charybdis in the Year 1594, on the 3rd of August, the waters drove the stern; but when he had reached the middle of the Channel, another current of water rushed in from Rhegio [Reggio], which, meeting the former, produced a tide of as-if-boiling water, with a swelling and whirlpools—not otherwise than a cauldron full of water is wont to seethe when fire is put under it—which swelling of the tide lasted through a quarter of an hour, until the water rolling forth from Rhegio overcame the other, which had come from Scylla, or the tower of the Pharos of Messina. He adds, further, that certain Messinese knights affirmed to him that every six hours that meeting of the waters and the tide happens, which they attributed to waters enclosed in caverns and poured back thence; but Crescenzio attributes it to the Moon, of which it was then the 17th day, and it was the 15th hour Italian [reckoning]. Also in the Year 1595, when the same Crescenzio wished to go out from the mouth of the strait with galleys, from that conflict of the waters he experienced no small fear: for the water running from Rhegio toward the Pharos so impelled the ships that one after another passed most swiftly; but when they were made nearer the shore, another water, meeting from the opposite [side], repelled them—certainly on account of the motion of the waters in a gyre. Things similar to these I have often heard from Fathers of our Society, who, for the sake of preaching or steering, have sailed into Sicily.


[Margin: Whether any tide in the Baltic. — The Tide of Norway, Denmark, England, Holland, [and] Flanders.]



Outside the Mediterranean, the European shores of the Scythian and Baltic Sea have no sensible tide, by the testimony of Bartholin the Dane; yet Cardano (On the Variety of things, bk. 1, ch. 4) reports that beyond Sweden there is a promontory Nasus [the Nose], so named from the likeness of a nose, under which there is a whirlpool which every six hours boils with so rapid a tide that, by flowing back, it sucks back the ships—which also Olaus Magnus affirms. The rest of the Norwegian shores (especially the western), as also the English, Irish, Danish, Dutch, [and] Flemish, suffer huge tides, so much so that in Britain the shore is laid bare for 9 miles, and the Thames feels the tide up to London, up to 50 or 60 miles, the water raising itself about 20 cubits. Nay, Pliny (bk. 2, ch. 97) says: "Pytheas of Marseille is the author that the tide swells above Britain by eighty cubits"; to whom nearly consents Georg Braun, in his Bristol [Civitates], confessing this swelling to ascend to 66 feet; and Furner (bk. 9, ch. 20), who says it was observed by himself that the tide at the Bay of Manche [the Channel] is sometimes raised 70 feet. But also that is worthy of note, which Beda reports (in Surius, tome 2) in the life of St. Cuthbert (ch. 17): namely, that in the Lindisfarne region, the tide of the British Ocean acceding twice daily, [the place] becomes an island; and, the shores being twice laid bare, that which had been an island appears joined to the mainland,
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[the island] appears [joined to the mainland].


[Margin: A marvelous spring of Ireland.]



I have already said above, from Ortelius, that in Connaught of Ireland there is a mountain on whose top a spring swells twice daily, and twice subsides. They report that on the shores of Iceland also terrible tides happen daily.


[Margin: The Belgian and Gallic Tide.]



In Belgium and at Calais the tide, at new and full Moon, rises to 15, or even 18 and 20, feet; the Gallic shores facing the West experience also a very great tide. But in them two [things] are most worthy of note. The First is that the mouth of the Garonne is filled in seven hours and drained in five, as Scaliger noted (exercitation 52)—although Lord de Candale (in Furner, bk. 9 of the Hydrography, ch. 1) observed [it] to be filled in 6¾ equinoctial hours, but to be drained and subside in 6. The Other is what Francesco Resta narrates (tr. 2 On the sea, ch. 15), and Furner (bk. 9, ch. 21), and I seem to myself to have heard from the Fathers of our Society—namely, that at the Mount of St. Michael and at St. Malo the tide rises to 70 feet, and sometimes 90, and recedes through three leagues; and that on the shore of Normandy there comes to be daily an Island, to which, the sea flowing back through the sand, one returns [on foot], it now being made not an Island, but Mainland.


[Margin: The Portuguese and Spanish tide.]



It is known that all the Portuguese rivers suffer a tide in their mouths, but especially the Tagus, which on that account flows back toward its source for 4 miles; but the Baetis [Guadalquivir] back-flows up to 50 miles. On which occasion I repeat that [saying] of Pliny (bk. 2, ch. 97):


[Margin: Marvelous wells.]



"On the bank of the Baetis there is a town, whose wells are diminished when the tide grows, [and] grow when [it] decreases, [but] are unmoved at the middle times. The same nature [is] in a town of Seville, in one well, [though] common to the rest"—who, in the same chapter, a little before had said: "At Gades [Cadiz], which is the nearest spring to the temple of Hercules, enclosed in the manner of a well, at times swells together with the Ocean and diminishes, but at other times [does] each [of these] at contrary times." But, the [Straits of] Gades being surpassed, let us migrate to the African coasts.


[Margin: The African tides.]



The shores of AFRICA which are washed by the Mediterranean already, as we said, experience their tide. But those [washed] by the Atlantic Ocean [have] none sensible, until one reaches the Tropic of Cancer; for within the Tropics the sea tides, especially beyond the Equator, near the Black [Niger] river; and at the 1st degree indeed a flux begins, similar to the Portuguese, and is stretched up to the island of St. Thomas, situated under the Equator—where, however, it is not greater than the Venetian tide, as Trimarchus heard from the shipmasters and reported (bk. 2 Meteors, disp. 1, sect. 7), and the same has Ramusio (tome 1 of the Navigations, p. 126). But now at Guinea the Sea seethes with so great an impetus from the tide that ships can scarcely stand fast with three anchors, lest they be dashed [together]. But the mouths of the Black [Niger] river, as Fromondus narrates (in the Meteors), swell in 4 hours, [and] subside in 8; or, to use the words of Scaliger (exercitation 52): "At Ginega of Ethiopia it accedes by fours, recedes by eights; and those mouths lie open 20 miles"—where Ramusio too (tome 1 of the navigations, p. 118) confirms the flux of 4 hours and the reflux of 8.


[Margin: The Tide of the Red Sea.]



Finally, in the Erythrean, or Red, Sea (whatever Galileo may impugn, [arguing] that the causes adduced by him are thereby damaged) so great is the daily tide that the haters of the sacred letters have dared, says Scaliger (exercitation 52), rashly to lie that Moses crossed on dry [ground], having got the occasion from the reflowing sea—which, however, could not happen, says the same, on this ground: that up to Suez (which town lies in the innermost recess) the sea so covers that shore that it never uncovers the bottom of the sea by which the Hebrews crossed.


[Margin: Moses by no means used the occasion of this tide.]



Besides, as Trimarchus notes (bk. 2 Meteors, disp. 1, sect. 7), from the place to which the sea reaches in [its] recess, up to the place through which Moses, with the Hebrew people, crossed on dry foot, there intervene thirty and more miles; nor could the Egyptians have lain hidden on this side—who, if they had so suddenly feared a new tide, would not have committed themselves to it so intrepidly. Now, since we too have crossed with Moses through the Red Sea into Asia, let us cull the more notable [things] of the Asiatic tides.


[Margin: The Asiatic tides. — The East Indian tide.]



The tides of ASIA toward the North are unknown, [but] toward the South and East are manifest—which indeed [show] how anxious they held Alexander the Great and his shipmasters at the mouths of the Indus, narrates more fully Quintus Curtius (bk. 9), and Nearchus (in Ramusio, tome 1 of the navigations): for the sea receded with so great an impetus that it left three ships destitute on the dry shore, which afterward the returning tide restored to their course. But that [is] pleasant, which Pliny relates (bk. 13, ch. 25): "Those who sailed among the Indians," he says, "[as] Alexander's soldiers, handed down that the foliage of the marine trees was green in the water, [but], taken out, at once dried up by the Sun into salt," etc.; and, after a few [words]: "In the same tract the tide covers the woods of the islands, although [they are] taller than the tallest plane-trees and poplars; the leaves of these [are like] those of the laurel, the flower like the violet in odor and color; the berry like olives, and itself of pleasant odor, [the leaves] springing forth in autumn, the leaves never falling. The smaller of these the sea wholly covers; the tops of the greatest stand out, to which ships are moored, and, when the tide recedes, [they are moored] to the roots." But of a Gulf distant from the Indus river 60 miles, Linschoten narrates (in the 2nd part of the East Indies, ch. 9) that there is the most rapacious reciprocation of the sea of all that have anywhere been seen, so much so that it was a terror, nay a stupor, to Alexander the Great. Further, at Calicut—as the Fathers of our Society narrate, especially Nicolaus Godignus (bk. 1 On the affairs of Abyssinia, ch. 11), and Trimarchus attests (in the section already praised)—the increments of the sea become greater at Full Moons, whereas at the mouths of the Indus they become [greater] at New Moons. Ramusio adds (tome 1 of the navigations, p. 131) that there the sea so reflows in six hours that it leaves ships on the dry. At the coast of the Ganges the tide is worthy of so great a river's mouth; but greater at the shore of Cambay [Khambhat], where—as both the Fathers of our Society report, and most Writers on this argument—


[Margin: The marvelous tide of Cambay.]



the Sea, in 2 hours, pouring itself onto the shore, occupies about 30 leagues, but elsewhere 15 miles (as Trimarchus has, and Ramusio, tome 1, p. 330), and indeed with so great rapidity that, unless men, warned by cymbals, flee with a hastened course, they are overwhelmed by the tide; but when it reflows, likewise in two hours, very many ships stick destitute on the dry. The inhabitants of that place, however, have in some place very ample wells, in which the ships settle until the tide boils away, lest they be snatched by it to the sea with danger; but for this there is need of skilled shipmasters, that the vessels may be able, when the sea reflows, to remain in the said wells, as Eduardo Barbosa narrates (in Ramusio, in the place reviewed). Of the shore of Persia, Scaliger has thus (exercitation 52): "On account of the shore, Diuobandel of the Rumi sometimes becomes an island, [and] is sometimes part of the mainland. That word signifies the Holy Port of the Turks. But neither is that returning, nor [that] occupation, by a release, in all the places of the shores." But in the Chinese kingdom the river Yanna (which name signifies "the son of the Sea") suffers a tide daily up to Nanking, or up to the lake nearest to Nanking [Nanquino]—although at Peking it is not felt except at new and full Moon. So has our Nicolaus Trigautius (bk. 3 On the Christian expedition among the Chinese, ch. 9). At the Moluccas and Philippines the sea does not rise above 3 feet, says Furner (bk. 9, ch. 21).


[Margin: The American tides.]



AMERICA's Tides, finally, are thus. The Northern shores of North America are without tides, but the Southern have it manifest, and at Veragua [it is] strong; but in some place (by the testimony of Oviedo, ch. 9, and Pedro of Seville, part 5, ch. 1) it runs out to eight thousand paces, and on the Mexican shore (excepting, however, the Gulf, which is exempt) so swift in [its] recess that it seems at once to vanish from the eyes. At the islands Martinique and the Caribbees the sea scarcely rises one foot. Near Cuba and Hispaniola none [is] sensible except at Full and New Moons, especially in March and September—for then the waters are higher and more agitated. The river of the Amazons, or Maranhão, is said to feel the tide and saltness of the sea up to a hundred leagues. On the Peruvian and Paria shores the tide is no moderate [one], and near Panama it occupies two leagues. But nowhere [is the] tide more admirable than in the Magellanic [Strait], in which two tides—one from the Atlantic, the other from the Pacific Sea—meeting each other, raise the waters into a heap with a manifest swelling, as the Fathers Joseph Acosta (bk. 3 of the history of the new world, ch. 13 & 14) and Alfonso Ovalle of our Society (in the Chilean History) testify; of which tide indeed Bartolomeo Crescenzio drew a diagram (bk. 3 of the Mediterranean Nautics, ch. 2), affirming this strait to be 100 leagues long and very tortuous. Hence, sailing to the Archipelago of St. Lazarus, a tide is found which daily, in 12 hours, is borne toward the South with so great an impetus that it burst a rope of 27 inches' thickness—so narrates Furner (bk. 9 of the Hydrography, ch. 16).

On the Diurnal Period and Time of the Tide


[Margin: 1st Observation concerning the time of the diurnal tide.]



[XVII.] First, from the common opinion and observation of the skilled—from the ancient Phoenicians down to our times—it is established, speaking regularly,
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[speaking regularly], in those places in which there is a tide: where first the Moon shall have been elevated above the horizon by about one Sign [30°], the increment of the sea begins, and it so flows that it is raised above the banks, and—unless their height obstruct—spreads beyond the accustomed limits toward the mainland; but in the mouths of rivers it drives back their waters toward the source; and that swelling continually grows, until the Moon reaches the Meridian of that place, or certainly (as Simon Stevin thinks) the Ninetieth degree of the Ecliptic computed from the horizon; for then the highest increment happens, which is wont to be called the Living Water [Aqua viva], or the Living [part] of the waters: but when the Moon, the Meridian being left, has begun to descend toward the Horizon, the waters of the Sea begin to subside and to flow back, until the Moon is distant from the Horizon by about one Sign; for then the highest decrement happens, after which the waters stand somewhat, until, the Moon being placed one Sign below the Horizon, they begin again to grow, up to its arrival at the Nadir of the Meridian (that is, the part of the Meridian existing in the hidden hemisphere below the horizon), or certainly to the Ninetieth degree of the Ecliptic numbered below the Horizon—at which time again the Living Waters and the highest increments of the sea are: soon, when the Moon has begun to ascend toward the rising Horizon, the waters of the sea begin to subside; and when the Moon, before its Cosmic [heliacal] rising, is distant from the horizon by one Sign, they sink deeply, and in that state stand up to the [moment] when the Moon is exalted one Sign above the horizon. And so, in the period of one Lunar day—which consists of 24 Solar hours and ⅘ [of an hour], or 48 horary minutes—twice daily in the aforesaid places the flux and tide happens, and twice the reflux and subsiding of the tide; and in most places the sea grows for six hours, and for six [hours] decreases. Be it that in some [places] this rule is not kept: for, as already said, the mouths of the Garonne are filled in seven hours, [and] subside in five, if we believe Scaliger; or [the sea] grows there for 6¾ hours, and decreases for 6, if we stand with Lord de Candale and Furner. About the Hipponensian [Hippo] shore of Africa, the Malinae and Ledones—that is, the flux and reflux—are thus, by the testimony of St. Augustine (bk. 1 On the miracles of Sacred Scripture, ch. 7): "But the great Malina boils for five hours, and for seven hours uncovers the backs of the shores." But at the mouths of the Black [Niger] river, by fours [every four hours] the increments, by eights [every eight] the decrements, happen; and at the shores of Cambay the tide happens most rapidly in two hours, and twice the reflux; but in the Chalcidic Euripus formerly seven times in a day, now four times, the tide happens. Finally, in some place it suffers no certain rule, which is thought [to happen] in the place of a prodigy, as between Staten and Bergen at the shores of Norway. With which limitation are to be understood the words of Pliny (bk. 2, ch. 97), which it pleases [me] to subjoin.


[Margin: Pliny's notable passage on the sea's tide.]



"Many [things] have been said concerning the nature of the waters; but [that] the Tide of the sea should accede and reciprocate [is] most marvelous—in many ways indeed, but the cause [is] in the Sun and Moon. Twice between two risings of the Moon they flow in, and twice they flow back, [in] always twenty-four hours; and first, swelling with it [the Moon] as it raises itself with the world, soon—the Moon declining from the meridian summit of the heaven toward the West—subsiding; and again, from the [Moon's] setting beneath the lowest [part] of the heaven, and toward the parts contrary to the meridian, acceding [and] inundating; thence, until it rises again, swallowing themselves back." The remaining words of his pertain to the second observation.


[Margin: 2nd Observation.]



Secondly, it has been observed that the beginning of the tide does not happen at the same hour (although in the same place), but daily later by 48 horary minutes, on this ground: that the Moon rises daily later by as many minutes—and this on account of its own proper motion, by which it daily advances toward the East by about 12 degrees, for which there are required, of the diurnal motion toward the West, 48 minutes [of time]. Wherefore, since at Antwerp, at new and full Moon, the highest tide happens at the 6th hour after midnight, on the following day it does not happen except at the hour 6 and 48'; and on the third day after the new moon and full moon, it does not happen except at the hour 7 [and] 36'; and so thereafter, on the single days which are between the Syzygies of the Moon, they postpone the tides by 48 minutes. But although the tides of the sea so depend on the Moon, yet their turns return after hours not temporal [unequal] but Equinoctial [equal]. All which [things] Pliny himself acknowledged and taught (bk. 2, ch. 97), saying:


[Margin: Pliny's remaining words.]



"Nor ever at the same time at which it reflowed the day before—as though panting with the star [the Moon] drawing the seas with it by a greedy draught, and constantly rising elsewhere than the day before: yet at equal intervals reciprocal, and always [by] sixes of hours—not of any [particular] day or night or place, but Equinoctial; and therefore unequal in the space of the common hours, since more of them fall into those days or nights (the measure of those [hours] varying), and only at the equinox everywhere equal. A huge argument, and full of the light and turn of the day, [that] those are dull who deny that the stars pass underneath and again rise the same, and [that] the face of [the world] is similar to the lands; nay rather, that the universal nature [is] thence in the same works of rising and setting, etc." And so the diurnal period of the tides has for its measure the Lunar day of 24 hours and 48'.


[Margin: 3rd Observation.]



Thirdly, it has been observed, as Furner has (bk. 9 of the Hydrography, ch. 1 & 7), that although some places be under the same meridian, or very nearly, yet they do not suffer the tide at the same hour. Which happens partly on account of the situation of the harbors—for harbors which are stretched out further into the sea feel the tide sooner, and are sooner freed from it, than those which have receded inward, especially obliquely winding; partly on account of rocks or shoals and mounds of sand and similar obstacles; partly, finally, on account of the nature of the soil and the air, which in neighboring places is sometimes very diverse, so much so that in one place there is the highest serenity, in another a most turbulent air. From the first of the three aforesaid causes, the waters tiding from the South toward the North fill Bessunda, the port of Spitsbergen, at the 3rd hour [European reckoning], and yet in a port a little higher the water is not at its highest except at the 9th hour, although the one be not distant from the other more than 20 German miles. So in the coast of Frisia, on the day of new and full Moon, the living water, or highest tide, happens at the 9th hour before noon, and yet at Enkhuizen it happens at noon itself, and at Amsterdam at the 3rd hour after noon, although nonetheless these places be very near—for Amsterdam is within the bay of the sea more than Enkhuizen. So, if the coasts of Britain, Normandy, and Picardy be considered, it will easily appear why, by one hour, the tide happens sooner on the British coast, inasmuch as [it is] stretched out more toward the West than in Normandy. But from the second cause it happens that in some place the sea grows not step by step, but, after obstacles are overcome, suddenly takes its whole increment, and the waves of the tiding Ocean roll most swiftly, like certain casks, one after another into the harbors and shores, so as to outstrip the swiftness of any horse—as is seen at the Mount of St. Michael near Avranches, and on the bank of the Seine, and at the mouth of the Garonne.


[Margin: Pedro de Medina's error.]



From the said [things] it is established that that rule of Pedro de Medina is false, which Crescenzio refutes (bk. 3 of the Mediterranean Nautics, ch. 3): namely, that the Sea is filled when the Moon is at the Northeast [Graecum], or between North and East [Subsolanum], or at the Southwest [Libycum], or between South and West [Zephyrum]; but on the contrary decreases when the Moon is between North and West, or when between Southeast and South. For this, although in some place and sometimes can happen, yet not always nor everywhere.


[Margin: 4th Observation.]



Rather true is what Lord de Candale observed, and from him Furner reports (bk. 9, ch. 1): the tide of the sea happens daily, in the same place, at the same time at which the Moon cuts the same horary circle, or [the circle] drawn through the poles of the world.

On the Monthly Periods and Varieties of the Tides

[XVIII.] Besides the increments which the Sea daily receives, the Moon approaching to the Meridian above or below the horizon, it receives also greater [ones] when [it is] at Full Moons than at New Moons, and at New Moons [more] than [when the Moon is] far from them, and least at the quadratures, or a little after the quadratures; but elsewhere more at New Moons than at Full Moons. This is so true that even on those shores in which, through all the rest of the month, no sensible tide appears, nevertheless some swelling appears at new or full Moon, as happens in the Mexican Gulf, and near Cuba and Hispaniola, as also on some Mediterranean coasts, and in that branch of the river Yanson [Yangtze] which is up to the city of Peking. In some place, therefore, greater increments happen at New Moons, as at Calicut; on the contrary, elsewhere greater at Full Moons, as at the mouths of the Indus. In some place also the highest increments do not happen on the very day of the new moon or full moon, but two days, or three days, after—as at Dieppe, and elsewhere, where the tides are greater on the 17th day of the Moon than on the 15th; just as the consistency, or mediocrity, of the waters [is] not at the very quadratures, but about two days after; whence that proverb among the Venetians: "From the eighth to the ninth the water does not move; from the twenty-first to the twenty-
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[from the twenty-first to the twenty-]two[nd], the water does not move": which, rendered into Latin, is thus: "From the eighth to the ninth day the water moves not; from the twenty-first to the twenty-second, it neither grows nor decreases." And then, as Crescenzio says (bk. 3 of the Mediterranean Nautics, ch. 2), the sea-waters are called "waters of gall" [aquae fellis], when at the time of New Moon ☌ and Full Moon ☍ they are called "living waters" [aquae vivae]: where he adds, from his own experiments, that the greatest increments of the waters are at the New Moon, from which thereafter they become lesser up to the eighth day of the Moon, when they are lowest, and so persevere up to the 11th day, within which days the least tides happen; from the 11th to the 17th they grow, so that on the 17th day they are in the highest exaltation, and thence decrease up to the 22nd, and so persist up to the 25th, within which likewise the least fluxes happen. But how the monthly variety of the tides behaves about the Hipponensian [Hippo] shore of Africa and the neighboring coasts, or even at the shores of the Ocean, we shall learn better from St. Augustine himself (bk. 1 On the miracles of Sacred Scripture, ch. 7), whose words are:


[Margin: St. Augustine's opinion on the sea's tide.]



"Concerning the daily inundations and recessions of the Ocean, a question is always reborn; for this daily inundation, twice in the day, from time to time, through twenty-four hours is always completed; and by alternating weeks the change of the Ledo and Malina accompanies [it]. But the Ledo has six hours of inundation, and as many of recess. But the great Malina boils for five hours, and uncovers the backs of the shores for seven hours: which nevertheless shows its concord with the Moon, in that, before the Moon is born [new], for three days, it always begins at seven hours, and after the beginnings of the nascent Moon it is wont to have other three days and seven hours. Likewise, before the full moon, it begins by three days and twelve hours, and after as much course of its time consumes its term. But the six [Malinae] of each season—namely of spring and summer, of autumn and winter—according to the Lunar computation, that is, all together twenty-four, the common Year has, excepting indeed the Embolisms [intercalary lunations], which retain twenty-six Malinae."

And so, from his opinion, the common Year of twelve Lunations has 24 great tides—twelve at New Moons, and as many at Full Moons—which begin to be increased above the ordinary [tides] three days before the new moon, and at the 7th hour, and grow up to the 3rd day of the Moon and the 7th hour; but the Malinae, or great tides, of the Full Moons begin to grow three days and 12 hours before the Full Moon, and are increased up to the 3rd day after the full moon and the 12th hour.


[Margin: Scaliger's and Trimarchus's opinion.]



To these it pleases [me] to subjoin the words of Scaliger (exercitation 52): "Namely, in the quadratures there is malacia [calm], commonly called calma; in the full moons the seas are more swollen, so that they seem to suspend themselves by the desire of the star." But now, if we believe Joseph Scaliger (bk. 2 On the emendation of times, p. 162), the first Frankish-Saxons who inhabited the Gallic shores discerned the beginnings and ends of the Lunar months no otherwise than from the tides made at the New Moon—so just and fixed were they; to whom subscribes Furner (bk. 9, ch. 21), adding that on the Gallic coast the tide of the New Moon lasts for two or three days, and thence decreases up to the 8th day, when the water is lowest, and so lasts to the 11th day; thence grows to the 14th day, and so lasts up to the 17th; hence diminishes to the 22nd, and so lasts up to the 25th; thence grows up to the New Moon. A little otherwise concerning the Sea's tide [does] Trimarchus [treat] (bk. 2 Meteors, disp. 1, sect. 7), where he says that on the 8th and 21st [days] of the Moon the Tide is none, or very small, and therefore that the sailors then say that the water is fatigued and languid; but at the New Moon and Full Moon [the tide is] greatest, and therefore [the first] is called by the sailors the "head of the water," the second the "living water"; but he confesses that these [things] are commonly observed in the Adriatic gulf. But Chiaramonti (bk. 13 On the Universe, ch. 22) says that at the port of Cesenatico the sailors call the water "of gall" and "dead," which happens at the quadratures of the Moon.


[Margin: Resta's opinion.]



Francesco Resta (tract 1 On the Sea, in his Meteorology, ch. 15) says: "At the Interlunium and the Full Moon the tides are violent, in the quadratures slack; somewhat fuller at the full moon than at the new moon." But what I said above concerning the Chinese sea at the mouths of the Yanson [Yangtze] seems to be true of some other [sea] also; for Albertus Magnus says (tr. 2 On the properties of the elements, ch. 6):


[Margin: Albertus Magnus's observation on the tide of single months.]



"It is found that the sea, from the beginning of the Moon up to the full moon, accedes; and from the full moon up to the perfect waning of the Moon, recedes, making in one month only one access and one recess."


[Margin: Pliny's authority.]



Nor is the opinion of Pliny obscure in this matter (bk. 2, ch. 97), saying: "For the lunar difference is manifold; and first, by sevens of days indeed [there are] moderate tides from the new [moon] to the half moon, fuller from it [overflowing], and at the full [moon] they boil most; thence they grow mild, equal to the seventh from the first; and again on the other side they are increased by the half moon, equal at the conjunction of the Sun. Plainly the same [are] more mild [when] northern, and receding farther from the lands, than when, gone off into the south, [the Moon] exerts its force by a nearer effort." In the New Moon, therefore, he reckons great tides happen, in the Full Moon greater; and from the new moon and from the full moon, through the first seven days of the Moon, [the tides] are diminished up to the first and second quadrature, and after each take increments. But he adds: "Yet not at those very joints of the times which I have said, but a few days after; just as neither at the full [moon] nor newest [moon], but afterward."


[Margin: Borrus's singular opinion on the tide at the New Moon.]



Since these [things] are so, nonetheless Hieronymus Borrus of Arezzo, in his dialogue On the flux and reflux of the Sea (p. 132), says that at the New Moons the tide is as if insensible, and therefore that it is then said by the Venetians that "the Sea is in Oil" [Mare esse in Oleo], because it stands still just as if it were oil; and yet he concedes that then the waters of the sea are so raised that they cannot be sailed without danger—but he says this comes not from the tide properly so called, but from the storms and winds and changes similar to these, which happen at the new moons, adding that on those same days all the humors are greatly altered, and give signs of notable change. To which can be referred what Galen handed down (bk. 3 On the Critical days), referring their changes especially to the Moon—whom, however, Giovanni Pico tries to confute at length (bk. 3 Against the Astrologers, ch. 16). But to me it does not seem likely that so many other shipmasters and Writers asserted the magnitude of the tides at New Moons unless they had noted them at a calm sea too; and indeed, how unskillfully would the Venetians call the sea "oil," if it were raised and agitated by the most turbulent tempests and storms! They mean, therefore (unless I am mistaken), that the sea is then in the highest tide, but so that it calmly preserves that swelling for some time; or that it perhaps does not become greatest on the very day of the New Moon, but some days after. Yet the same Borrus (p. 175) narrates, from observation, that on the first 15 days of the Moon the fluxes are greater and more lasting than the refluxes; but on the remaining 15 days those [fluxes] are less than these [refluxes]. Thus far concerning the Monthly changes of the marine Tide.

On the Annual Periods and Varieties of the Tides, and others reduced to the annual

[XIX.] Let us begin from Pliny (bk. 2, ch. 97), that we may confer some light from his words. He, therefore, speaking of the differences of the tides which are from the Moon, when he had indicated the monthly [ones], subjoined:


[Margin: The Period of the years and the tides, from Pliny; and concerning the equinoctial [tides].]



"By eights of years also, to the beginning of the motion and the hundredth [revolution] of the Moon, the increments are recalled by the very motions and revolutions, the Sun's annual causes augmenting all these—[the seas] swelling most at the two equinoxes, and at the autumnal more than the vernal; but empty [low] at the [winter] solstice, and more at the [summer] solstice." And before him Tacitus (bk. 1 of the Annals) had said: "By the star [constellation] of the equinox the ocean swells most." But why do not these turns rather return at 19 years, since then the Moon and Sun revert most nearly to the same turns, or certainly at other Lunar periods? Of which we [treat] more (bk. 4, ch. 19). But now we do not inquire the cause, being devoted only to the history of the Tides.


[Margin: St. Augustine's authority on the equinoctial tides.]



Let us hear, therefore, St. Augustine (bk. 1 On the Miracles of Sacred Scripture, ch. 7), saying of the Malinae, or tides: "Of each [season], the two middle Malinae of the aforesaid times—namely, the equinoctial [ones]—consume more [time], when either the day or night of any [particular] course, [being] stronger than usual, is wont to become higher in inundation; but, intervals being interposed, again as much [time] is always intermitted by the Ledo." Nay, if we hear Trimarchus (bk. 2 meteor., disp. 1, sect. 7), the sailors, speaking at least of the Adriatic tides, think them greater in winter than in summer, and by day than by night. Francesco Resta adds (in his Meteorology, tract 1 On the sea, ch. 15), from Albertus Magnus and others, that the tide is varied from the nearness of the Moon to the sea (which we have learned from Pliny too, bk. 2, ch. 97, saying that, the Moon having gone off to the south, the tides become greater on account of the nearer force of the star), and from the nearness of the Moon to the Zenith of those who are near the sea—or, the nearer it is to their vertex; then, from the various disposition toward the Sun, and from the longer days the diurnal tides are stronger, and on the contrary the nocturnal [stronger] when the nights are longer than the days—yet so that, from the vernal Equinox to the summer Solstice, and from the summer Solstice to the autumnal Equinox, the fluxes are greater than in the rest of the year, but stronger in
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[stronger in their] increment than in the decrement of days. Besides, [Delphino] affirms that the tides are greater when the Moon is in Pisces and at the end of Aquarius, and when the Pleiades aid the Moon; but Delphino, in his treatise on this matter, says that Venus and Jupiter, [when] near the Sun and Moon, help to set the waters in motion. And Hieronymus Borrus, in his dialogue on the tide of the sea (p. 175), says it has been observed that the fluxes are the greater and more lasting, [in proportion] as the Sun and Moon linger for more hours above the horizon; but [in proportion] as the Luminaries are for more hours below the horizon, the fluxes are lesser and briefer than the refluxes. But I fear lest some of these [things] be reported as still uncertain, and from the presumption of conjecture rather than from a history worthy of credit. That, however, deserves all credit which, from the observation of Lord de Candale, Furner reports (bk. 9 of the Hydrography, ch. 21): namely, that at the mouths of the Garonne and on the Medoc coast the tides are never greater than at the New Moons and Full Moons which happen in September and then in March; and that the waters are lowest at the winter Solstices, and then at the summer [Solstices].

On the Nautical Rules for discerning the Hour of the Living Water, or highest tide, on any given day of the Moon, in a given Port of Europe

[XX.] The highest increment of the tide, where it happens daily in [various] places, so far depends on the Moon, and follows by certain steps its ascent to the meridian above, or its descent to the meridian below the horizon, that already, from this, over many years the shipmasters have framed for themselves most sure rules, by which it can be known at what hour in this or that port the highest tide will be—beginning from the day of new and full Moon, and daily expecting the highest tide later by 48 minutes than the day before: of which thing we shall exhibit a specimen, partly from Bartolomeo Crescenzio (bk. 3 of the Mediterranean Nautics, ch. 3), partly from our [Father] Furner (bk. 9 of the Hydrography, chs. 2, 3, & 4). But Crescenzio confesses that he drew rules of this kind from a certain distinguished Cantabrian shipmaster, whom Nicolaus Sagrus of Ragusa (or Epidaurus) brings on in his dialogues on the tide of the sea. From him, therefore, we shall reduce into a briefer table the hours at which, on the day of New and Full Moon, the highest tide happens in the places written below; for, this being known, the hour of the highest tide on the following days (numbered also from the New Moon or Full Moon) will easily be known, by adding daily four-fifths of one hour, or 48 minutes. For example:

since in the strait of Gades [Gibraltar], on the day of new and full Moon, the living water or highest tide happens at hour 1½ after midnight, and again at hour 1½ after noon; if you wish to know the hour of the living water for the second day of the Moon, or the 16th (which is the second after the full moon), to hour 1½, or hour 1 and 30 minutes, add 48 minutes, and you will have hour 2 and 18 minutes after midnight, and likewise after noon: so, on the third day of the Moon and the 17th day, the living water will there be at hour 3 and 6 minutes, both after noon and after midnight, as appears by adding 48 minutes to hours 2 [and] 18 minutes; and so on thereafter for the rest. We shall, moreover, append the vernacular names (as he too sets them down), since the Latin [names] often fail, or do not exactly answer [to them]; and since on maps the vernacular [names] are usually written for the most part—and therefore, lest anyone think them Latin, we shall mark them with a distinct typeface.

First Table of the Hours of the Living Water, or highest Tide, at New and Full Moon, the hours numbered both from noon and from midnight, from the Cantabrian Shipmaster & Crescenzio


[Margin: The hour given is that of the highest tide ("living water") on the day of New ☌ or Full ☍ Moon, counted alike from midnight and from noon; for each following day add 48 minutes.]






	Coast or stretch
	Living water (h : m)





	In the strait of Gades, commonly the Strait of Gibraltar, and also in the Port of Cadiz, and in the whole shore which is from Cape Carteia, commonly Capo di Tariffa, up to the [cape] called Capo di Rutta: the water is full and living
	1 : 30



	From Cape di Rutta up to Cape St. Mary
	2 : 15



	From Cape St. Mary up to Cape St. Vincent, and thence to the Celtic or Artabrian promontory, commonly Cape Finisterre, and in a great part of the Cantabrian shore, commonly the Coast of Biscay
	3 : 00



	At the shores called de Caccioppi, toward Bordeaux, commonly Bordeos, and at the places called Las Bollienas & Ollona
	2 : 15



	In the straight run between La Rochelle, commonly Rocella, & the Île de Ré, which is at the promontory del Plomo, up to the cape called Raso di Hontenaut
	3 : 00



	From the place called il Forno up to the island di Hebas, in the open water-run
	3 : 45



	But in the ports along these water-runs it happens later, namely
	4 : 30



	From the island Hebas, to Carnesule & in the place called Caschetti
	5 : 15



	But in the places of the Gallic mainland which face the three aforesaid places
	6 : 15



	From the place Carnesul, through the ports, shores, & capes of all Normandy & Picardy, as also at the places Blancarnes, Calais, & Newport
	9 : 00



	But in the middle of the Channel of the aforesaid places, between Gaul & England, from Carnesul to Blancarnes
	12 : 00



	But from Calais up to Newport, in the water-run far from land, ten miles out, the living water happens
	0 : 45



	From Calais to Gravelines, in the water-run
	1 : 30



	From Gravelines through the whole coast of Flanders & in the island of Zeeland
	3 : 00



	But in the water-run along the aforesaid coast
	3 : 45



	On departing from Flanders toward the English Channel: although the water is full at the 3rd hour on the shore, and at hour 3.45 in the water-run, yet the farther you have receded from the shore toward the cape called de Dobla, [the more] the water will be full at the 3rd hour, but in the water-run at hour 4.30; which course of the water, until it is spent, lasts from Zeeland up to the cape called di Monge, or up to las Motricas
	—



	In the place called Godoina & Duna at Cape Dobla, up to Cape di Romaneus, on the shore indeed and in the ports
	9 : 00



	But in the run of the waters
	12 : 00



	At Cape di Romaneus, & in the port of Cambray and all the neighboring coast
	9 : 45



	But in the run of the waters of the aforesaid places
	11 : 15



	In Erlaga, Beuceppe, & the Bay called di Soran, & in the whole coast which extends from the cape of Erlaga up to the island called di Vuicche [Wight]
	10 : 30



	But in the water-run along the aforesaid coast
	12 : 00



	Before you enter through the mouth of St. Lena to the island di Vuicche, you will find two shoals or sandy shallows, of which one is called Almages & the other Ostriar, where also in the port Porceinua the water is living
	11 : 15



	But in the Channel itself, between the island Vuicche & England, there are three shoals—one called Zenciuiglia, another Ambra, & a third Calzesores—where, as also in the port Antona, the water is full at noon itself and at midnight, or
	12 : 00



	In Giaramua & at the point or Needle [Aguglia] di Vuicche
	9 : 15



	But the water runs even beyond, up to hour 11¼
	11 : 15



	From the aforesaid place [the] Aguglia up to Cape Porlan [Portland], & in its coast and port
	9 : 30



	But in the water-run
	11 : 15



	From Cape Porlan up to Cape God-Esterch, in the water-run
	10 : 30



	But in the port Artemua & in the neighboring shore
	8 : 15



	From Cape God-Esterch up to Cape Lisuarte [the Lizard], in the water-run indeed
	9 : 00



	But in the ports di Plemua [Plymouth], Faiut, Falamua [Falmouth]
	7 : 30



	From Cape Lisuarte to the Cape of Cornwall called …
	(continued on p. 371)






[…continues on p. 371 (PDF 406) with the catchword "[di]ctum": "…called Langosneus [Land's End]"—the rest of the First Table (the English and Irish establishments), then Furner's Second Table of tide-hours.]





(printed p. 371 — within Chapter XIV, continuing ¶XX. The First Table of tide-hours finishes with the English and Irish establishments. Riccioli then introduces a Second Table, recast from Fr. Georg Furner's Hydrography: a tide-clock grid giving the hour of the living water for any day of the Moon, keyed by letters to each port's establishment; the table continues on p. 372.)
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… [Cape of Cornwall] called Langosneus [Land's End], which is the chief cape of England, in the water-run — completing the entry begun on p. 370. The First Table runs out as follows:




	Coast or stretch
	Living water (h : m)





	From Cape Lisuarte to the Cape of Cornwall called Langosneus [Land's End], which is the chief cape of England, in the water-run
	7 : 30



	In the place called Pesanz [Penzance] & Musol
	6 : 15



	In the ports of all the Scilly islands
	4 : 30



	But outside their ports, at the capes of the islands
	6 : 00



	On the coast of Ireland, in the place called Manga di S. Giorgio, at the entrance di Duolin [Dublin]
	10 : 30



	In the port di Mirafurda [Milford]
	5 : 15



	In the island dell' Hondectenebi, & in the place called Los Olmos
	6 : 00



	In the port di Patristo
	5 : 30



	In the place called Quinque Roda, & in another called Ancia Pristol
	6 : 45



	In the city called Galuei [Galway], up to Gafurda & in their ports, as also in Semerich, in Tingle, in St. Michael, in Baiam, Balensemor, Guinzala, Corca, Iiocla & Gattafurda, the water becomes full and living on the days of new and full Moon
	4 : 30





Thus far from Crescenzio and that distinguished Cantabrian shipmaster.

There now follows another Table, from Fr. Georg Furner of our Society (bk. 9 of the Hydrography, ch. 2)—which we shall reduce into another, somewhat clearer form (unless I am mistaken), with capital letters added at the head of the table, that by them we may indicate, in the other part of the table, which places regard such a position [of the Moon] and time of high water. The use of the table we shall teach at numbers XXI and XXII.

Second Table of the Hours of the Living Water, or highest Tide, on any given day of the Moon, in the Ports written below, from Fr. Georg Furner of the Society of Jesus


[Margin: The hour of the living water is read against the day of the Moon (counted from New ☌ at left, or from Full ☍ at the paired count) and against the column-letter A–H proper to the port. Each column is 45 minutes later than the one before it; each lunar day is 48 minutes (⅘ hour) later than the one before. The letters mark the bearing of the Moon (from the meridian) at which high water occurs—the "establishment" of the port.]



Bearing of the Moon at high water (here O. = West):


	A — S. & N. (South / North)

	B — S. ¼ S.O. / N. ¼ N.E. (South, a quarter toward Southwest / North, a quarter toward Northeast)

	C — S. S.O. / N. N.E. (South-Southwest / North-Northeast)

	D — S.O. ¼ S. / N.E. ¼ N. (Southwest, a quarter toward South / Northeast, a quarter toward North)

	E — S.O. / N.E. (Southwest / Northeast)

	F — S.O. ¼ O. / N.E. ¼ E. (Southwest, a quarter toward West / Northeast, a quarter toward East)

	G — O. S.O. / E. N.E. (West-Southwest / East-Northeast)

	H — O. ¼ S.O. / E. ¼ N.E. (West, a quarter toward Southwest / East, a quarter toward Northeast)



Pars I — Day of the Moon (☌ = from New Moon, ☍ = from Full Moon); the cells give the hour : minute of the living water.




	☌
	☍
	A
	B
	C
	D
	E
	F
	G
	H





	0
	15
	12:00
	12:45
	1:30
	2:15
	3:00
	3:45
	4:30
	5:15



	1
	16
	12:48
	1:33
	2:18
	3:03
	3:48
	4:33
	5:18
	6:03



	2
	17
	1:36
	2:21
	3:06
	3:51
	4:36
	5:21
	6:06
	6:51



	3
	18
	2:24
	3:09
	3:54
	4:39
	5:24
	6:09
	6:54
	7:39



	4
	19
	3:12
	3:57
	4:42
	5:27
	6:12
	6:57
	7:42
	8:27



	5
	20
	4:00
	4:45
	5:30
	6:15
	7:00
	7:45
	8:30
	9:15



	6
	21
	4:48
	5:33
	6:18
	7:03
	7:48
	8:33
	9:18
	10:03



	7
	22
	5:36
	6:21
	7:06
	7:51
	8:36
	9:21
	10:06
	10:51



	8
	23
	6:24
	7:09
	7:54
	8:39
	9:24
	10:09
	10:54
	11:39



	9
	24
	7:12
	7:57
	8:42
	9:27
	10:12
	10:57
	11:42
	12:27



	10
	25
	8:00
	8:45
	9:30
	10:15
	11:00
	11:45
	12:30
	1:15



	11
	26
	8:48
	9:33
	10:18
	11:03
	11:48
	12:33
	1:18
	2:03



	12
	27
	9:36
	10:21
	11:06
	11:51
	12:36
	1:21
	2:06
	2:51



	13
	28
	10:24
	11:09
	11:54
	12:39
	1:24
	2:09
	2:54
	3:39



	14
	29
	11:12
	11:57
	12:42
	1:27
	2:12
	2:57
	3:42
	4:27



	15
	30
	12:00
	12:45
	1:30
	2:15
	3:00
	3:45
	4:30
	5:15






[…continues on p. 372 (PDF 407) with the remainder of Furner's Second Table (Pars II — the further compass-bearing columns) and the rules for its use (¶XXI–XXII).]





(printed p. 372 — within Chapter XIV, continuing ¶XX–XXII. A key-list matches the letters A–R at the head of Furner's table to actual ports of the Channel and the English and Irish coasts. ¶XXI explains the use of the table, and ¶XXII states the Problem — given the day of the Moon, to find the hour of the living water in a given port — with a worked Garonne-mouth example begun here.)
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Places corresponding to the letters set at the head of the table


[Margin: On the day of ☌ and ☍ of the Sun [= New and Full Moon] the living water is after noon and after midnight; the hours (Hor.) and minutes (M.) follow. The letters are those at the head of Furner's Second Table; each is 45 minutes later than the one before.]






	Letter
	Living water (h : m)
	Corresponding ports and coasts





	A
	12 : 00
	To the island of Jutland; before the coasts Hever, Eyder & the Elbe to Emden; before Enkhuizen & Horn; in the whole coast of Flanders facing England; at the river de Beuechier to Portsmouth, to Hampton & Baruich; in France at Honfleur & Caen; in Barbary past Cape Quintin up to Boiador. Over these tracts the tides descend from Nesse to Boulogne.



	B
	12 : 45
	Between Meue to Camp Vere, to Flushing & Middelburg, to the coasts of Beuesier at sea, to Vinckelzee in the sea of Garcenzey. Over these tracts the waves of the flooding or refluent sea descend from Boulogne, into the Somme.



	C
	1 : 30
	Before the Meuse (i.e. the Maas) & Goeree; before Vere on the shore of Zeeland, before the Thames, & before Yarmouth toward the western part of Wight, to Morbian, before Blauet, to Belle-Île, & past these tracts up to Cape Quentin. The waves glide from Gravelines to Boulogne.



	D
	2 : 15
	At Houge, beyond Ras de Fontenas; above Belle-Île; before Vuielingue; before the Meuse (i.e. the Maas). The waves glide between the middle to Calais, & past Gravelines up to Dunkirk, & from Caen up to Étaples.



	E
	3 : 00
	At Amsterdam, Rotterdam, Dordrecht beyond the Flandrian shoals, to the point before Conquet; to the Garonne mouth; to the southern coast of Brittany in the Pictones, or Poitou; in Aquitaine commonly Gascony; in Cantabria or Biscay, in Galicia & Lusitania, & on the southern shore of Ireland. The waves further descend, past Cape de la Hague up to the island Ornay [Alderney], & from Guernsey to Quasquettes.



	F
	3 : 45
	Between Calais & the Meuse (la Meuse), to Rouen, to S. Mahe, to Bauol… to La Rochelle commonly Rochelle, to the Cassiterides islands now the Scillies, to Venta Belgarum now Bristol. In the Aquitanian ports & shores, or Gascony, in Galicia & Lusitania, & on the western coast of Ireland. Further the waves rush from Stuissart to Dieppe.



	G
	4 : 30
	From Texel up to Calais, to S. Paul or S. Pol outside the port; between Garnezer & the Seven Islands; beyond Four, & on the southern coast of Ireland. The waves run & descend from Barfleur to Stuissart.



	H
	5 : 15
	At Plymouth; in the sea of Galles; to Dormudam & Valmudam; to Milford in the southern ports of Ireland. The waves roll down from the island Basau, Cape de Four, & from the Cassiterides or Scillies, to Cape Lysart [the Lizard], & from Portland to Wight.



	K
	6 : 00
	At St. Malo, at Cancale, at Antwerp or Anvers, & before it to Bremen, to Hamburg; to Texel, to Goësan or Goes, to Gouda. The waves glide from England's headland or promontory to Zeeland.



	L
	6 : 46 [the regular series gives 6 : 45]
	At Bristol to Cay between Foye [Fowey] & Valmudam [Falmouth] before St. Nicholas. Further the waves descend from the island Bas to Matuanem along the length of the land.



	M
	7 : 30
	At Texel above Raden, to Lezardam [the Lizard] near land beside Plymouth, in the sea to Passage. The waves arrive, descending from Barfleur to the Cape of the Seine.



	N
	8 : 15
	Beyond Quasquettes near Wight, & from Wight to Beusfier near land beyond Vlie. The waves come down from behind Guernsey & within the Seven Islands.



	O
	9 : 00
	Between the Seine (La Seyne) to the Ras of Portland; in all the shores of Frisia, between Garnezaij & les Quasquettes; & to Cherbourg. The waves, gliding down, arrive between Morlaix & Octobers.



	P
	9 : 45
	Near Guernsey to the neighboring Channel, at Lesartia to Yarmouth, to the point or tip of Wight. The waves glide before Cancale.



	Q
	10 : 30
	At Dieppe & St. Valéry, at Fécamp & the greater part of the shores of Picardy & Normandy, & at Senegal. The waves descend from Barfleur to Alborgam.



	R
	11 : 15
	Before the Thames, at Hansonnam & at Estreham. The waves descend past Fontenay up to Cape de Four.





The Use of the Preceding Table

[XXI.] At the head of the preceding Table there are three Zones [bands]. In the first of these, the capital letters, in the order of the Alphabet, signify the places belonging to that column, to be indicated after the tables by the like letters [the foregoing key-list]. In the second are the quarters of the Winds according to the more recent shipmasters, by which they are wont to signify not only the situation of places, but also the hour of the tide on the day of new and full Moon: assigning to each whole Rhumb three hours, to a half-Rhumb one hour and a half, and to a quarter-part of a Rhumb three quarters of an hour. [The text here prints "octo" (eight) where the arithmetic requires "toto" (whole): a whole Rhumb = 3 h, a half = 1½ h, a quarter = ¾ h.] When, therefore, they wish to express that at Amsterdam, or Rotterdam, the full and living water happens, on the day of new and full Moon, at hour 3 after noon and at hour 3 after midnight (as you see in Column E), they say that Amsterdam and Rotterdam are situated toward Sud-Ouest [SW] & toward Nord-Est [NE]; which is indicated by the initial letters S O & N E set in the second Zone of the head. But if you desire to know the winds and quarters indicated by these letters, consult our table 2 & 3, set forth in bk. 2, ch. 17. But where there is this fraction ¼, it signifies one quarter of the next rhumb. If, however, anyone does not wish to use this manner of signifying, he can omit it, since it is least necessary to the Reader. Lastly, in the third Zone of the head are the letters H. M., signifying the Hours & the Minutes, or sixtieth parts of an hour.

Besides, in the 1st & 2nd parts of the table there are ten columns, of which the first contains the first 15 days of the Lunation, numbered from ☌, or from the day of the New Moon; the second the remaining 15 days, numbered from ☍, or from the Full Moon; the rest contain the hours at which the highest tides, or living waters, happen in the places indicated by the capital letters of the 1st or 2nd [zone of the] head, and corresponding to the age of the Moon, or the days numbered from the New Moon or Full Moon. These being set down, we shall teach how to solve, with Furner, the chief Problem of Hydrography by the aid of the aforesaid table, or even of Crescenzio's Table.

Problem. Given the Day of the Moon, to know the Hour of the Living Water, or highest Tide, in a given Port or shore


[Margin: Example of the Problem.]



[XXII.] Seek in the Catalogue of places the place about which you are in doubt, and see to which of the initial letters it belongs; then seek that initial letter in the upper head of the first or second part of Furner's Table; for in its column, over against the given day of the Moon (which is marked in the first or second column), you will find the hour—both after midnight and after noon—at which the highest tide happens in that place. EXAMPLE: It is desired to know at what hour the highest tide happens at the Garonne mouth on the day of new and full Moon, or even on the 4th day. If


[…continues on p. 373 (PDF 408) with the catchword "Si": "If [you run through the Catalogue of places, you will find the Garonne mouth belongs to the letter E]"—the rest of the worked example, then the survey of opinions on the cause of the Tide.]





(printed p. 373 — within Chapter XIV. The worked Garonne example of ¶XXII finishes, with a rule for adapting Crescenzio's table to any lunar day. A new sub-head then opens the survey of opinions on the cause of the tide (¶XXIII), citing the tide as "the Sepulchre of human curiosity" and its unexplained puzzles; ¶XXIV states the First Opinion (Timaeus, revived by Chiaramonti) that the rivers cause the tide, and ¶XXV begins its refutation.)
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If you run through the Catalogue of places, you will find that the Garonne mouth belongs to the letter E; which letter is found above the seventh Column at the head of the first part of the table. Descending, therefore, by that column, you will see, over against the day ☌.0 (that is, the day of New Moon) and over against the day 15.☍ (that is, the day of Full Moon), Hour 3.0; but over against the 4th day after the New Moon, Hour 6.12′. Conclude, therefore, that at the Garonne mouth the highest tide happens, both on the day of new and of full Moon, at hour 3 after midnight, and again at hour 3 after noon; but on the 4th day of the Moon (to which the 19th day also answers), it happens at hour 6 and 12 minutes, or one-fifth part of an hour, after midnight, and again at hour 6.12 after noon.


[Margin: The method of examining the numbers of the Table.]



But if you use Crescenzio's Table—in which are noted only the hours of the highest tide for the day of New Moon and Full Moon—if you are anxious about the other days, multiply 48′ by the number of days, or the age of the ☽ [Moon], and divide the sum by 60; and add the Quotient of the division, with its fractions (if there be any), to the Hours of the highest tide of the new or full Moon, and from the sum cast off 12 hours if it exceed them; for the remainder will give the hour of the highest tide for the given day of the Moon. As in the example just adduced, the 4th day of the Moon is given, and the Hour of the highest tide at the Garonne mouth on the day of New Moon is hour 3; 48′ being therefore multiplied by 4, there result 192 minutes, which, divided by 60, make a quotient of hours 3.12′; which quotient, added to the 3 Hours, makes Hours 6.12′, as above: and this is the method of examining the numbers of Furner's Table, if perchance some error has crept in through the fault of the Typographers—as we have detected (more than once) to have crept into Furner's table, and have emended.

Opinions on the Cause of the Sea's Tide are surveyed

[XXIII.] Acutely indeed did our [Father] Caussin, in his doctrine on the Resurrection (in commending the divine works of the first week), say that the Flux and Reflux of the sea is the Sepulchre of human curiosity. For no schools as yet, says Simon Maiolus (Colloquy 10 of the Dog-day [Conversations]), have sufficiently unraveled this question. Nor without merit does Julius Caesar Scaliger (exercitation 52) begin this treatment with those words: "Perhaps silence conduced more to the opinion of a good repute than boldness. For what I am wont everywhere to cry—that we know nothing—suits especially this inquiry, which treats of the sea's motion"; and below: "Now some god must be summoned by us from the machine [Θεός … ἀπὸ μηχανῆς]. For who would not say that, in this matter, Philosophy herself stammers?" But much more difficult does the reflux of the Sea seem to explain than the flux: wherefore St. Augustine—when he had said (partly in bk. 7 On the City of God, ch. 22, partly in bk. 1 On the Marvels of Sacred Scripture, ch. 7) that two Goddesses were consecrated by the Romans to this matter, namely Venilia or Malina for the access of the sea (which the Italians call Marea), and for the recess Salacia or Ledo, or Lidona—said: "But the reasonable inundation of this perseverance, by which it recedes, is hidden from our minds, [and] prepares no smaller advancement for the knowledge of man, who knows it not"; and a little after: "We are permitted to consider the inundating swellings of the Sea, but of the receding one we are deprived of the understanding." To these add the verses of Lucan adduced in bk. 2, ch. 15, at the end of Scholium 5.


[Margin: The heads of the difficulty, and an Epitome of the marvels in the sea's tide.]



And truly so various are the accidents of this motion, and so admirable, that they always seem about to surpass every effort of the human mind, whoever shall have wished to investigate their sufficient cause and reason, and to explain it once investigated. For what mortal could expound why a great part of the Sea lacks a tide, while a great part likewise is subject to it? Why it shows so great a dependence on the Moon, and yet, that [Moon] being silent at the new moon or hidden below the horizon, the same tides—or greater—return? Why in many places the access is completed in six hours and the recess in as many, and yet somewhere [there is] an increment of about seven [hours] and a decrement of five, as nearly at the Garonne mouth; elsewhere the waters flow in by fours and reflow by eights, as at the Niger mouths and the shores of Guinea; elsewhere, as at the coast of Cambay, they burst in within two hours most rapidly and within two hours flee back and are swallowed up? Why, again, in other places fifteen whole days are required—namely from the new moon to the full moon—that the fullness of waters, continually growing, may take its highest increase, and as many days that they may subside, namely from the full moon to the following new moon (which happens in the Chinese sea at the mouth of the Pachin river, and in some seas around Cuba & Hispaniola)? Why at the Indus mouths the tides are greater at full moon than at new, [but] on the contrary near Calicut greater at new moons than at full; and universally greater at New and Full Moons than at the Quadratures? Further, why, in neighboring ports or mouths and nearly on the same Meridian, the highest tide is made some hours earlier for one than for the other? Besides, why somewhere the Ocean swells so superbly that it is raised, by tiding, to 80 cubits, as in Britain, while elsewhere—as at Marseille, Ancona, Rimini—it scarcely ascends to a foot or a foot and a half? Finally, who could narrate why the wells which are at Cadiz & at Seville—some should grow with the sea's tide and subside with its recess, others the reverse, others at different times behave in both ways? All which admirable accidents of the marine tide it has pleased [me] to gather into one epilogue, lest, in reviewing the individual recent opinions to show their insufficiency, it be needful so often to repeat them.


[Margin: 1st Opinion, of Timaeus & Chiaramonti.]



[XXIV.] The First opinion, of Timaeus in Plato and Plutarch (bk. 3 On the opinions of the Philosophers, ch. 17), attributes the cause to the rivers: "Timaeus," says Plutarch, "lays the cause upon the rivers bursting through the mountains of the Celts into the Atlantic; for by thrusting [it] with their force, they rouse the sea's tide, and on the contrary, [that force] being relaxed, they drive the sea back again, and make the refluent tide." This very opinion of Timaeus, Scipio Chiaramonti has very recently revived (bk. 13 On the Universe, ch. 22), but embracing all rivers, not only those of the Celts; and he adds that, by the dashing of the waves against the shores, the water is attenuated into exhalations and vapors. Since, therefore, from the waters of the rivers continually entering there is so great an increment that, for their evaporation, that motion does not suffice which is made either in the reflux or in the time intermediate between the sensible flux and reflux, it is necessary that the seas swell from this source and cause the tide; but from this very swelling they collide among themselves with a greater motion, and thence the evaporation is increased, until the water, attenuated into exhalations, which was superabounding, decreases and seems to flow back. For since [Chiaramonti] had before seemed to himself to have shown that the Sea's tide arises from the increment of the waters, and yet not from rarefaction, he argued that it could not arise from any other source than from the water of the rivers entering—since water naturally grows in no other way than either by rarefaction, or by the addition of water to water from the new generation of waters, or from their inflowing and concourse into one place. And (ch. 26) he affirms that therefore, at the shores of the Ligurian and the rest of the Tyrrhenian sea, no sensible tide arises, because few and small rivers enter into it; but why at the Moon's quadratures the tide is made smaller than on the days nearest the New Moon and Full Moon (and is therefore then called the "waters of gall"), supposing then, from Ptolemy, the Moon's greater nearness to the lands, he gives the cause in these words: "The motion of the sea-water, while it laps and slips back from the shore, is on account of evaporation, as I said before: in the waters of gall the access is greater than in the [ordinary] flux, [yet] less than in the reflux; and while it slips back, the relapse is greater than in the flux, less than in the reflux: the collision toward evaporation is therefore less than in the flux, but greater than in the reflux; for this reason, that the Moon is nearer the earth: it aids the water toward evaporation more than when it is farther off, and therefore a smaller collision of the waves suffices to dissolve just as much water into vapors."


[Margin: Refutation of the 1st Opinion.]



[XXV.] But against the opinion of both there are very evident and many arguments. For the tide would have to happen on the opposite banks, toward which the rivers thrust the water; and so, from the Celtic or Gallic rivers, a tide would be stirred up at the islands and continents lying opposite toward the West of Gaul; and where the waters of two great rivers meet head-on—say, of the Niger river [flowing] from Africa toward America, and of the Amazon river flowing from America—there, that is, in the mid-sea, a greater tide and heap of waters would be made than at the shores. Besides, since very great rivers enter the Caspian Sea, there would have to be on its shores, or in the middle, a most powerful tide. Moreover, the tide would have to be continually increased, just as the rivers continually run down into the sea, and indeed more in spring than in autumn, on account of the abundance of melting snows. All which [things] are false. Furthermore, the very mouths of the rivers rather


[…continues on p. 374 (PDF 409) with the catchword "æstum": "…[the very mouths of the rivers rather show] the tide [coming up against the river's current]"—the rest of the refutation of the river-cause opinion.]





(printed p. 374 — within Chapter XIV. ¶XXV closes the refutation of the river-cause opinion, Riccioli calculating that all the world's rivers in six hours would raise the sea by at most a barley-grain's thickness. The doxography continues with the 2nd through 5th opinions (Plato's abyss, Sfondrati's currents, the shape of shores, and Adelandus's "arms" of the sea), each proposed and refuted.)
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[the very mouths of the rivers rather] suffer the tide from the sea, and are repelled by it toward their sources; and when the sea floods, the rivers flow back, but when it ebbs, they flow [forward]—as Francesco Resta acutely noted against Timaeus (bk. 3 of the Meteorology, tract 1, ch. 16), adding that there are many seas which receive great rivers and yet do not tide, or do not tide in proportion to the rivers' magnitude. Vicomercato, moreover, was wont to object to Timaeus the paucity of the water which the rivers bring into the sea, [too] inept to augment its so vast and ample surface by a sensible increment.


[Margin: The quantity of sea-water by Chiaramonti's calculation.]



Chiaramonti, on the contrary (bk. 13 On the Universe, chs. 17 & 19), strives to demonstrate that the water brought in by the rivers has a sensible proportion to the sea's water. And in ch. 17, indeed, he supposes (for abundance) that the Earth is everywhere covered with waters, and its depth everywhere is one Italian mile; and that the semidiameter of the Earth alone is 3034 Italian miles, but with the water 3035, so that the diameter is 6070—which he makes to the circumference as 7 to 22, and therefore this circumference 19077 miles. From which, by the rules of Archimedes, he gathers the solidity of the terrestrial sphere together with the waters to be 117,142,218,733 cubic miles. Likewise, the diameter of the Earth alone being assumed 6068, he gathers the circumference 19070, and the solidity 117,033,475,546 cubic miles. Wherefore, these cubes being subtracted from the former, there remain for the water alone 108,743,187 cubic miles—so that the Earth alone contains water 1076 times over. But since only half of the Earth is covered with waters, and this very [covering] is not everywhere deep by one mile, but at most by half a mile, therefore the sea's water actually amounts to only a fourth part of the preceding sum, namely 27,185,797 cubic miles. But in ch. 19, to investigate the quantity of water which the rivers bring into the Sea, he uses the river Arno, by which (he says) one sails toward Pisa from Florence up to Callone, 40 miles distant, in 8 hours, when the river is moderately swift, [running] of itself, without oars and sails; and therefore that water in 8 hours completes 40 miles, that is, 13333 perches (for he gives 333⅓ perches to one mile), and therefore traverses a single perch in length in two seconds of an hour at most. Let now the Maragnon [Amazon] be of such velocity, whose breadth at the mouth is 70 leagues, that is (says Chiaramonti) 105 miles, or 35000 perches; and let the depth likewise be everywhere of one perch at the mouth; therefore the Maragnon in two seconds of an hour will roll out 35000 cubic perches, and in the whole year 3,030,480. Why [should] I [adduce] so many other rivers of the whole world?


[Margin: The quantity of the Sea by our calculation. — The tribute of the rivers brought into the Sea.]



But in the aforesaid calculation, the consideration of the water which is brought in by the rivers in a whole year is superfluous, since the sea's tide happens in many places daily and twice in six hours: it would have been necessary, therefore, to consider the water which is brought in over 12 hours, or at most in one day; then, that it might be established what proportion it had with the water of the whole sea, to gather a more probable total from all the rivers of the world, at least as described in geographical maps and histories, and to compare it with the sea's water. Which we have done elsewhere, in a whole little work communicated to prudent men, which perhaps we shall publish in volume 2 of the Almagest, book 4 (which will be the Geographical [one]); and we showed, with the greatest probability, that all the known rivers taken together do not pour into the sea in 6 hours more than 150 cubic miles—which, distributed into paces, or cubic feet, would make indeed 150,000,000,000 paces, but 18,750,000,000,000 feet. Now from what was said (bk. 2, ch. 14), the surface of the terraqueous globe is 336,434,176 square Italian miles; therefore half of it, as we said there, falls to the surface of the Seas taken together, namely 168,217,088 square miles, which make 168,217,088,000,000 square paces, that is 4,205,427,200,000,000 square feet. By which, the whole tribute of the rivers (which is 18,750,000,000,000 cubic feet) being divided [into them], there comes a Quotient of 224, fractions neglected. Wherefore, if the rivers' water were to be distributed to the individual feet of the sea's surface, with an equal height added everywhere, there would fall to each [foot] a water-height as great as is the 224th part of a foot's height—that is, as great as is scarcely the thickness of a barley-grain: so far is it [from being possible] that they [the rivers] should be able to produce the marine tide; and much less, if a great part of the water which the sea receives from the rivers it transmits through subterranean channels to another neighboring sea, and this by other chasms—as Furner learnedly discusses concerning the Caspian and the Mediterranean (bk. 9 of the Hydrography, ch. 6).


[Margin: 2nd Opinion, of Plato. — Refutation of the 2nd opinion.]



[XXVI.] The Second opinion was Plato's own, who referred the cause of the sea's tide to waters bursting forth alternately from Tartarus, or the abyss, and being re-absorbed: of which Plutarch [speaks] thus (bk. 3 On the opinions [of the Philosophers], ch. 17): "Plato refers the cause to a certain heaving-up; for the waters are lifted by the gaping of a certain cavern, and flow out widely, and then flow back to the same place, whereby the surging seas are tossed." But from this scarcely any of the accidents which we reviewed at number XXIII can have its cause rendered—especially those which are connected with the Moon's turns. Granted, we do not deny that there are deep whirlpools of waters in the bowels of the earth, and that their gulfs contribute something to the variety of the tides; and to this Philippus (in Resta, from the reading of the Seventy interpreters) refers the words of Job, ch. 38: "Hast thou entered into the springs of the sea?"


[Margin: 3rd Opinion, of Pandolfo Sfondrati.]



[XXVII.] The Third opinion was Pandolfo Sfondrati's, in his treatise on this matter, who attributed this to the motions of the Sea from East to West, and from North to South—on the ground that so much water cannot be transmitted at once through the narrows of the Strait of Gibraltar, of Magellan, and the like; and he says that these very motions of the sea happen so that [the sea] may run to supply what the Sun has consumed into vapors, and to preserve the sea in its equilibrium.


[Margin: Refutation of the 3rd opinion.]



But the sea's tide is far different from those two motions, and has far more admirable and diverse accidents, whose reason cannot be rendered by those motions alone. And indeed, since the Pacific does not run toward the East before the tide, it cannot be the cause of the tide in the Strait of Magellan coming from the Pacific sea; nor can the sea's course toward the North be the cause of those huge tides which happen at the shores of Britain—since rather the sea runs (and indeed not in alternating sixes of hours, but perpetually) from the North toward the Equator.


[Margin: 4th Opinion, ascribed to Pico & Buccaferreo. — Refutation of the 4th opinion.]



[XXVIII.] The Fourth opinion is attributed to Giovanni Pico and Buccaferreo, as referring this effect to the diversity of the shores resisting and repelling the waters toward the diverse declivity of the channels in which the sea is contained; just as in a shaken vessel the water flows hither and thither unevenly to the sides, according to the vessel's bottom and its diverse margins. But of Giovanni Pico's opinion presently [more]: meanwhile, whatever it be, it is convicted as insufficient by the connexion of the marine tide with the Moon, and by the accidents enumerated at number 23. Add that it would be necessary, while the tide happens at one shore, for the reflux to happen at the opposite shore—which, however, is proved by no history.


[Margin: 5th Opinion, of Adelandus. — from Pico.]



[XXIX.] The Fifth opinion was that of Adelandus, speaking from the opinion of the Saracens; concerning whom Giovanni Pico writes thus (bk. 3 Against the Astrologers, ch. 15): "When the arms of the sea (namely those which the interposed mass of land separates) hasten with a roused impulse to meet and flow together, it happens—both by the interposed mountains and by the situation of the land itself—that, while they fail of that course, they are carried back; and thence, whither both the paternal and the natural motion impels, they are recalled by the situation of the place itself"; and a little after, Pico says: "This opinion of his is not greatly abhorrent from the likeness of truth: since by a natural propensity the parts of each element are borne toward their own integrity. What wonder, then, if [the waters], shut off from [their] place by the lands lying between, while the present [waters] of the Ocean strive to run together, strike the shores in acceding, and by the opposing repulse equally retrocede; which cause being removed (as happens in the southern sea), we see these tides not appear." Therefore, besides the diverse situation of the shores, there is supposed by these [authors] a natural propensity of the water to a mutual concourse, and as it were an embrace through the arms of the sea, that the parts may be preserved together with their whole.


[Margin: Refutation of the 5th opinion.]



But against this opinion—besides the connexion of the marine tide with the Moon, and the effects reviewed at number 23—there are the arguments of Francesco Resta (bk. 3 Meteor., tr. 1, ch. 14) and of Cabeo (bk. 2 Meteor., text 6, q. 6). For if the water seeks conjunction with other water, and on that account the tide happens, it ought to happen also in lakes, ponds, and the Caspian Sea; then, since (the Caspian excepted) the rest of the seas are now continuous, what need was there of a greater conjunction? And in what part of the sea, finally, ought this union to happen? Besides, there are no further seas on this side of those shores, to which nevertheless the sea, by acceding, makes a tide; for either the tide stops at the banks, if they be low, or, overflowing above them, covers the shores—so that the sea seems rather to seek conjunction with the land than with the water: for what sea is there on this side of the Venetian, Gallic, British, [or] Indian shore? None, certainly; and yet to these the sea floods up with so great a tide,
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[None, certainly; and yet to these the sea floods up with so great a tide as] the sea: it seems, therefore, rather to flee the waters which are in the mid-ocean, and to be separated from them by a kind of sedition, than to be joined—unless perhaps it repents of that sedition, and by reflowing rolls back thither, whence it had departed. But if you say that near the shores there is friendly and sympathetic water, to which it wishes to be joined, then let it stick with that, once it has joined itself to it, and not by reflowing be disjoined from it. But enough [are] the many [arguments] against this fiction.


[Margin: 6th Opinion, of the Stoics & Apollonius of Tyana. — Refutation of the 6th opinion.]



[XXX.] The Sixth opinion was the Stoics' (in Solinus, ch. 36), who thought the world to be an animal, and, through the chasms of the earth near the sea-bottom (as through bodily nostrils), by reciprocal inspiration and expiration, now to re-absorb the waters, now to blow them out, and so to rouse the tide as if by panting. So also Apollonius of Tyana attributes the same to spirits panting beneath the sea; to which that animate faculty—which Kepler attributes to the whole globe compacted of earth and water—is not a little favorable. Against this fiction Cabeo rises up at length (2 Meteor., text 6, q. 6); but it suffices to have enumerated the accidents of the marine tide, especially connected with the Moon, as we did at number 23; for it immediately appears that, by this panting—however great the soul—those effects cannot be produced. Rather, someone might attribute this to the inspiration and expiration of the Moon, of which opinion St. Basil makes mention (homily 6 of the Hexaemeron), saying: "The sea, as if by the exhalations of the Moon, is drawn backward, and again by its inhalations is compelled to its proper measure."


[Margin: 7th Opinion, of Alpetragius & certain Arabs. — Refutation of the 7th opinion.]



[XXXI.] The Seventh opinion attributes the sea's tide to the diurnal motion [of the heavens] sweeping all things with it. So certain Arabs (in Albertus Magnus, On the properties of the elements, tract 2, ch. 6), and among them Alpetragius (if we believe Giovanni Pico, bk. 3, ch. 15, against the Astrologers). But if this opinion were true, the flux and reflux would not happen except according to longitude, and [would be] greatest under the Equator; nor would the vicissitudes of the lunar motions produce so great a variety of tides—besides that it is false that the sea is swept by the diurnal whirling of the heaven, especially given the fluidity of the heavens, for which it was sufficiently disputed in section 1 of this book, ch. 7.


[Margin: 8th Opinion, which Giovanni Pico adduces. — Refutation of the 8th opinion.]



[XXXII.] The Eighth opinion, which Giovanni Pico adduces in the second place (bk. 3 Against the Astrologers, ch. 15), refers the cause to vapors and winds excited from denser water, whence a tumult and vehement motion, and thence a heat requiring a larger place, whence the tide; which, when it has cooled, the seas are laid flat and subside. But since Pico is there wholly bent on excluding the Moon, and yet so great a relation of the tides to the Moon is proved by history, it would have been necessary to show how, without the Moon, the vicissitudes of the tides are nevertheless attempered to the Moon's motions. To this it is added that even a tranquil sea, agitated by no winds, is nevertheless subject to the tide; nay, when a vehement storm comes on, the tide properly so called is diminished, as Trimarchus affirms (bk. 2 Meteor., disp. 1, sect. 7).


[Margin: 9th Opinion, of Thomas Lydianus. — Refutation of the 9th opinion.]



[XXXIII.] The Ninth opinion attributes the sea's tide to a boiling-up, but [arising] from subterranean heat and fires—with which I, when younger, had sprinkled a great part of this cause. So Thomas Lydianus (in Fromondus) says that beneath the sea-bottom a fire lurks, which kindles the abundant bitumen existing there, whence, as the fire exhales, the sea swells. And although Francesco Resta (bk. 3 Meteorology, tr. 1, ch. 14) thinks it not unlikely that the tide is a certain boiling of the sea, like boiling water, made by spirits and vapors rising from the sea-bottom—for if a spirit enclosed in the earth excites Earthquakes and moves the earth, how much more easily can it move the waters and raise them—yet afterward he recoiled from this opinion; for that necessity always remains in force, of rendering the reason why the tides happen with those vicissitudes preserved which we reviewed at number 23, and why they receive laws from the Moon in so many effects. Cabeo adds (2 Meteor., text 6, q. 6) that motions made by fire are lawless and tumultuary, as appears in earthquakes, in Vesuvius, in Etna; but the Tides are periodic, and return at fixed times. Finally, against this opinion are the arguments against rarefaction, to be adduced at number 37.


[Margin: 10th Opinion, of Lessius. — Refutation of the 10th opinion.]



[XXXIV.] The Tenth opinion recurs to the Intelligences, which, as they are the movers of the heavens, so [are movers] also of the Seas. This opinion is attributed to Leonardus Lessius by Fromondus, who asserts that the Intelligence presiding over the waters is called, in the Apocalypse, the Angel of the waters. On which occasion Francesco Resta, in the place lately adduced, says that it can also be attributed to these evil spirits, since of Behemoth (that is, an evil demon) it is said in Job 41: "He will make the deep sea boil like a pot, and set it as when ointments boil." But for three reasons this opinion is not received: first, because it recurs to the [deus-ex-]machine without necessity, or out of weariness of inquiring into the proper cause in nature; second, because the sea's tide in many places is irregular, and so does not seem to need an Intelligence; third, because the marine tide is altogether Lunatic—that is, attempered to the Moon's turns—wherefore recourse seems rather to be had to the Moon than to an Intelligence; to which, at length, most of the Authors recur (the Sun, however, not excluded), as we shall soon see.


[Margin: 11th Opinion, of Pliny & Pytheas. — Caesar's opinion.]



[XXXV.] The Eleventh opinion, therefore, throws the sea's tide upon the Luminaries, but chiefly upon the Moon. Which Pliny indeed (bk. 2, ch. 97) asserted indeterminately, saying: "That the sea's tide accedes and reciprocates is most marvelous—in many ways indeed; but the cause [is] in the Sun and Moon"; nor does he explain the manner. But in Plutarch (bk. 3 On the opinions, ch. 17), Pytheas of Marseille [says] that the access of the sea happens by the Moon's increment, but the recess by its decrement. Which opinion has by far the most Authors for it; but the whole difficulty consists in the manner by which the Luminaries effect the varieties of the tides which we adduced at number 23—especially the Moon, even when it either lurks below the horizon, or is new and does not reflect the Sun's rays to earth and sea, or is within the Torrid [zone] and does not strike with perpendicular rays the waters of the temperate or frigid Zones. Meanwhile, of the common opinion is that [saying] of Caesar (bk. 4 of the Commentaries): "On the same night it happened that the Moon was full, which is wont to produce the greatest maritime tides in the Ocean."


[Margin: 12th Opinion, of Contareno & Faber. — Refutation of the 12th opinion.]



[XXXVI.] The Twelfth opinion, therefore, recurs to the occult influences of the Luminaries, as Contareno and Faber, and certain Astrologers whom Pico touches (bk. 3 Against the Astrologers, ch. 15)—from the [objection] that the Moon cannot so move the waters when it is beneath the lowest [part] of the earth; for then the Moon's light, which is the vehicle of influences, cannot reach them. But this opinion does not solve the question, and is just as if it said that the cause of the tide is unknown and hidden from us. But Cardinal Contareno adds that, by this occult power of the Moon, the sea's waters are rarefied, and, when they have been highly rarefied, produce the tide; but it does not appear how, placed beneath the lowest part of the earth, it can rarefy them—besides other [things] which we shall soon oppose to this rarefaction.


[Margin: 13th Opinion. — Of Contareno, Aversa, Crescenzio, Borrus, [and] de Rheita. — Refutation of the 13th opinion.]



[XXXVII.] The Thirteenth opinion, very akin to the Ninth, judges that the Luminaries, and chiefly the Moon, produce the tide by heating and rarefying the waters, and attenuating [them] into vapors, but not consuming them. So Contareno (bk. 2 On the elements), Raphael Aversa (vol. 2 Philos., q. 42, sect. 7), Crescenzio (bk. 3 of the Nautics), and Hieronymus Borrus (in his tract on this matter, p. 125), and most recently Antonio Maria de Rheita (in his Sidereo-mystic Eye [Radius], bk. 4, ch. 3). For they say that the Moon, by ascending, gradually rarefies the waters, until—it coming to the Meridian—being highly rarefied they swell; but, it descending from the Meridian and striking the waters with more oblique rays, [the Moon] diminishes the rarefaction, and they, being condensed more and more, flow back and return to their pristine state, or are resolved into vapors. But Galileo (dialogue 4 On the System of the World), and Chiaramonti (bk. 13 On the Universe, ch. 22), and Francesco Resta (tr. 1 On the sea, ch. 14) prove that the sea's waters are not rarefied by the Moon's heat in the tide; because, if the water were rarer, it would also be lighter in the same bulk, and some heat would be felt in it, and some smoke would appear, as in boiling water; but if just as much of the same sea-water—drawn before the tide and in the tide—be weighed, it is found of the same weight, and no indication of rarefaction or heat is detected in it by density or smoke. Nor do ships sink more in the tide than at other times, which would nevertheless necessarily happen if the water were rarefied and made lighter. Galileo adds that, if the tide were made thus, a vehement heat would be necessary (which cannot come from the Moon), and so much that, by reason of the burning, it would render the sea-water intolerable to a finger immersed in it. Against which opinion Cabeo (2 Meteor., text 6, q. 6) brings [the example of] must [new wine], which, by vehemently swelling, boils without intolerable heat; and conversely [of] water long since heated, which yet boils no more, because its subtler parts, rarefied in the first boiling, [were resolved] into
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[the subtler parts, rarefied in the first boiling, were resolved into] bubbles which have vanished, and these into air. But granted that rarefaction be not repugnant on this head [cause], it yet remains to render the reason why the Moon, placed beneath the earth, can rarefy the waters more in [its] access to the lowest Meridian than when it is above the horizon and recedes from the meridian; and why it can [do] more upon remoter waters—such as are around Ireland, England, Holland, Belgium, where the tides are strongest—than upon nearer ones, such as are from Cadiz up to the Tropic of Cancer, where there is no sensible tide; why, again, [it can do] more at the New Moon than at the Quadratures, in which it both pours a greater light upon the waters and comes out nearer to them; and so of the other diversities adduced at number 23. To the first difficulty, however, Borrus and others respond, with Albumasar (bk. 2 of the Introduction), that the rays of the Moon, when below the horizon, are reflected back to the earth and water of our hemisphere by the heaven set opposite; but these suppose the heaven to be hard and apt to reflect light—and then that light would be much more languid, and the flux would thence be made nearly threefold smaller.


[Margin: 14th Opinion, of Scotus, John of St. Thomas, Resta, Mastrius, and nearly [of] Pliny.]



[XXXVIII.] The Fourteenth opinion recurs to that power of the Moon by which it predominates over the humors; for just as the humors of plants, of shellfish, and of the other living things are moved [by the Moon], and especially abound at the full moon, so the sea's waters seem able to be moved and to swell by the Moon—and to grow not only through rarefaction, but also through a new augmentation. So Scotus (on bk. 2, dist. 14, q. 3); John of St. Thomas (in Mastrius, disp. 4 On the heaven and Meteors, q. 4, no. 154); nor does it displease Mastrius himself; and to this Resta acquiesces (tr. 1 On the Sea, ch. 14); and Pliny favors [it] (bk. 2, ch. 99), saying, after expounding the sea's tide in chs. 97 and 98: "Whereby a true conjecture arises, that not in vain is the star of the Moon thought to be a spirit. This is what saturates the lands, and by approaching fills bodies, by departing empties them: therefore with its increment the shellfish grow, and especially those creatures feel the spirit which have no blood, etc."; and (ch. 101): "The Moon, a feminine and soft star, dissolves the humor and draws [it], [but] does not take [it] away." As, therefore, shellfish abound in humor—not because they are fed more abundantly at the full moon (as Vallesius would have it, ch. 71 of the Sacred Philosophy), but on account of the milder nights and the heat dissolving the concreted humors (as Aristotle teaches, bk. 1 On the parts of animals, ch. 5)—so the tides happen when the gross humors are dissolved.


[Margin: The 14th opinion is refuted.]



But against this manner militate those [arguments] which we adduced at the end of number 37 against opinion 13; and besides, all marine, fluvial, and lacustrine waters ought, at least at the full moon, to suffer a tide—if indeed the Moon, by predominating over all humid bodies, can produce a swelling of humid things.


[Margin: 15th Opinion, of Aristotle, Heraclitus, [Apollonius of] Tyana, [and] Vallesius.]



[XXXIX.] The Fifteenth opinion refers the cause of the tide to vapors and blasts beneath the waters, and around the sea-waters, excited by the Sun and Moon according to their varied disposition. Aristotle and Heraclitus (says Plutarch, bk. 3 On the opinions, ch. 17) judge these to happen from the Sun; for it whirls round with itself, by its rotation, very many blasts, which, rushing on and thrusting the Atlantic, [cause] it to swell and to make the tide; and these at length being lulled, the tide, gathering itself, goes back gradually—and this is the reciprocation. Perhaps Apollonius of Tyana meant the same when he said that it happens from spirits bursting out of the sea and moved around it; and Vallesius (ch. 52 of the Sacred Philosophy), who refers the proximate cause of the tide to the blasts enclosed within the earth's caverns, but the remote [cause] to the Moon and Sun generating and moving those blasts.


[Margin: Trimarchus's opinion. — Bacon's opinion.]



Trimarchus too (bk. 2 Meteor., disp. 1, sect. 7, nos. 86 and 87) refers this motion to exhalations beneath the sea, such as [are] beneath the earth at the time of earthquakes; which, when they have been rarefied by the heat of the Sun and Moon, seek an exit and burst out with great force—the sailors attesting that, when the tide comes on, ships (even in calm weather) tremble so as in an earthquake. But these exhalations bursting into blasts, he thinks were infused into the Sea by God from the beginning of the world, yet are preserved by the action of the stars; and, being pressed by the mass of the sea, are thrust back into the caverns, whence the reflux happens. Nay, before him, Roger Bacon, in his Epistle to Clement V, Supreme Pontiff, said that by the Light of the Moon vapors are excited beneath the waters, engulfing the waters with blister-like swellings, which it cannot consume; and that fewer [vapors] are excited by the weaker rays, when it irradiates the seas obliquely, but more by the stronger and straighter [rays], when it strikes them in the Meridian; and that the same rays, while the Moon is beneath the lowest [part] of the earth, are reflected from the highest heaven, or from the eighth or ninth sphere, as being dense and terminating the sight. But [Bacon] adds that the tide becomes more sluggish as the Moon approaches the meridian, because the vapors are dissolved by the stronger rays—and therefore he is reprehended by Giovanni Pico (bk. 3 Against the Astrologers, ch. 15), because he speaks against the experience of a greater tide at the Meridian.


[Margin: Cabeo's opinion.]



But our [Father] Cabeo (2 Meteor., text 6, q. 9), when he had taught that this motion happens not from rarefaction or a real augmentation of the water, nor from a merely local motion impressed by the Moon (because [then] the tide would happen everywhere and always toward the West), adds that in the Moon, besides heat and light, there are other active qualities, manifest to us in [their] effects, although unnamed—among which are catarrhs and fluxions, most troublesome in lunatics at the time of the lunar syzygies, even if they live shut up in their chambers; that similarly, therefore, the tide happens not from the attenuation of the water itself, but from the attenuation of spirits, or a boiling-up, rising from the sea-bottom—not as if they boil from heat, but because they are moved by the Moon's peculiar force (just as in must a swelling happens without boiling, and just as catarrhs are moved by the Moon); but that the spirits which are in the sea-bottom are analogous to the spirits of saltpetre and sulphur, and therefore that the tide happens only in those waters in which there are such spirits; nor does the cloud or earth interposed between the Moon and our sea hinder—just as the walls of houses do not hinder the Moon from moving, by its peculiar power, the spirits or humors in our bodies, and stirring up fluxions or catarrhs.


[Margin: Furner's opinion. — The Sea's tide is its fever.]



Lastly, our [Father] Furner likewise (bk. 9 of the Hydrography, ch. 8) professes that the sea's tide is a certain secret, and the greatest mystery to be beheld in the sea; but that its likely cause, from the Moon, is the commotion of the vapors and exhalations enclosed in the sea-water. For as the causes of fevers can be referred to two heads—namely, to the disposition of the humors of the human body, and to the active power of an external agent; and [as] the mass of humors, like a kind of ferment, is cooked by the force of the external agent, is inflated, putrefies, and, being filtered through the blood, is inflamed (so that from the diversity of inflammable humors there is a diverse species of fevers, and from the same, and also from the diverse acting-power of the exterior agent, the motions and periods of fevers are retarded or incited)—so the material cause of the marine tide are the warm vapors and exhalations which are in the soil and earth lying beneath the sea, and probably of the same nature with the rest of the earth, from which metals are dug. For it is established, in digging them out, that where the diggers have proceeded beyond 80 or 100 paces, although before they always experienced cold, they soon find so great a heat that they cannot tolerate it beyond three hours without danger, and it is necessary to withdraw thence—which especially those narrated who explored the mines of Hungary, whose depth is greater than 300 cubits. But although such warm and viscous exhalations and vapors are from the Sun, yet the Moon has the power of moving them by its influences; and these, inflated more (partly by [its] light, partly by the Moon's other influences), raise the seas and cause the tide, according to the disposition both of the aforesaid vapors and exhalations, and of the ports, shores, and coasts. And hence also is that which Pliny said (bk. 2, ch. 98): "All seas are purged at the full moon, and some also at a fixed time. About Messina and Mylae, dung-like refuse is cast out onto the shore, whence the fable that the oxen of the Sun were stabled there"; which Strabo before had noted (bk. 1 of the Geography), saying: "When the sea belches forth, the shores give a hoarse voice"—whence the access has a certain force, so that it repels foreign [things]. And this indeed they call a certain purgation of the sea, by which both corpses and fragments of shipwrecks are cast out to land. Finally, [Furner] says that if anyone attentively considers the history of the marine tide, he will find in it all the symptoms of fevers, and the sole difference [is] in two points: the first is that the Moon is applied to the sea, in moving [it], more regularly than any external agent [is applied] to the human body in stirring up fevers; the other is that the human body, on account of the greater compactness of its parts, cannot swell from fevers and vary its pristine shape. If Pliny had heard this, he would much more gladly have pronounced what he said (bk. 2, ch. 97): "but about the shores, rather than in the deep, are these motions detected, since in the body too the extremities feel the pulse of the veins—that is, the spirits—more."


[Margin: 16th Opinion, of the Conimbricenses, Zanardus, [and] Scaliger.]



[XL.] The Sixteenth opinion prefers to recognize in the Moon a certain magnetic power, by which, through local
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[the Moon, by a magnetic power, through local] motion draws the waters to itself and allures [them], until, by their own weight, on account of the excessive heap, they fall back again and subside. Of which opinion seem to be the Conimbricenses (2 Meteor., tr. 8), Zanardus (q. 30), and Scaliger (exercitation 52). Who, when he had said of the sea's tide, from many Authors, "Since it was observed to follow the Moon's course, they judged the Moon [to be] its author," and had at once objected, "But the Moon does not touch the waters," immediately resolves [it], saying: "This made trouble for some of the Peripatetics—to whom the Magnet too ought to have made [trouble]: if motion in iron happens from the stone [lodestone] without contact, why will not the Sea follow the body of the most noble star?" And toward the end of that exercitation: "I would dare to affirm that there is not then a new generation of waters" (namely, when the tide happens); "with what design I should profess Rarefaction, I truly know not. Yet that they are suspended at that time, like iron by a Magnet, every single month, everywhere except that one shore, has been found by perpetual observations." He speaks especially of the Full Moons—in which, however, at the shores of the Indus the increments of the sea are smaller than at the New Moons.


[Margin: Gilbert. — Kepler.]



The same thing William Gilbert tacitly insinuates (bk. 6 On the Magnet, ch. 6), when he attributes both to the Moon and to the earth a magnetic power for attracting and leading round kindred bodies. But most lucidly of all, Kepler, in the Introduction to the Commentaries on Mars, whose opinion we shall expound only in his own very words, distributed into various propositions, which are of this kind:


[Margin: Kepler's theses on the Sea's Tide.]




	
"If the Moon and the Earth were not retained, each in its orbit, by an animal force or some other equipollent [force], the Earth would ascend to the Moon by a fifty-fourth part of the interval; the Moon would descend to the Earth by about fifty-three parts of the interval, and there they would be joined—supposing, however, that the substance of each is of one and the same density."



	
"If the Earth ceased to attract its waters to itself, the sea-waters would all be raised, and would flow into the body of the Moon."



	
"The orb of the tractive power which is in the Moon reaches even to the lands, and allures the waters under the Torrid Zone, inasmuch as [it goes] into its own meeting, wherever it falls upon the vertex of a place—insensibly in enclosed seas, sensibly there where there are the widest channels of the Ocean, [where] the waters [have] a spacious freedom of reciprocation. Which being done, the shores of the Zones and of the lateral Climates are laid bare, and, if anywhere even under the torrid [zone] the nearer [parts] of the Ocean make rather-withdrawn bays [are laid bare]. And so, the waters rising in the wider channel of the Ocean, it can happen that in its narrower bays (provided they be not too narrowly enclosed) the waters, even with the Moon present, seem to flee from it—inasmuch as, the supply of waters being drawn off, they subside outside."



	
"But the Moon swiftly flying over the vertex, since the waters cannot follow so swiftly, the flux of the Ocean indeed happens, under the Torrid [zone], toward the West, until it impinges on the opposite shores and is curved by them; but the assembly of the waters—or the army which is on its march toward the Torrid [zone]—is dissolved by the Moon's departure, being deserted, namely, by the tract [force] which had roused it; and, having taken impetus, as in water-vessels, it returns and leaps up to its own shores and covers them; and this impetus, through the Moon's absence, begets another impetus, until the Moon, returning, takes up the reins of this impetus, and moderates [it], and carries [it] round together with its own motion. Thus the shores equally open are all filled at the same hours; the more withdrawn ones [are filled] later, some in diverse manner on account of the diverse approaches of the Ocean."





Yet the same [Kepler], in the Epitome of Copernican Astronomy (bk. 1, p. 128), adds, as a helping cause of the tide, the natural inertia of the waters resisting toward the West (since the earth withdraws itself toward the East), and [says] that hence is the flux of the waters which renders navigation easier toward the West—which, however, is not felt at the shores of America toward the East, on account of the vast length of the Ocean not impinging on any obstacle.


[Margin: Refutation of the 16th opinion.]



But how many [things are] here asserted, how many dissembled, against the credit of history! For how false it is that the tide happens primarily and per se from East to West, since many tides happen from North to South, and vice versa. Besides, if the Moon by a magnetic force and a merely local motion allured the waters, surely those which are nearer to it—or all [of them] most of all when it became nearest to them. But it happens otherwise: for greater tides happen at the English, Dutch, [and] Belgian shores, whose waters are farther from the Moon than in many parts of the Torrid Zone; and with the Moon, in the quadratures, descending toward the lands, the smallest tides happen. Again, if in the more withdrawn seas smaller tides happen than in the more open ones, why is there not a greater tide in the Tyrrhenian than in the Adriatic—especially in places set under the same meridian? Finally, there are many other accidents commemorated by us at number 23, whose cause does not appear in this magnetic power.


[Margin: 17th Opinion. — Of Seleucus. — And of Galileo.]



[XLI.] The Seventeenth opinion ascribes this motion of the Sea to the diurnal and annual motion of the Earth together. Which formerly some Seleucus or other devised, of whom Plutarch [speaks] thus expressly (bk. 3 On the opinions of the Philosophers, ch. 17): "Seleucus the Mathematician, himself also moving the Earth, says that the whirling of the Moon meets [the Earth's] circular and [diurnal] motion; by which impetus, a blast gathering itself between these two bodies and rushing into the Atlantic, the sea is, by a probable reason, disturbed." But his opinion—though his name [is] silent through oblivion—Galileo carps at (dialogue 4 On the System of the World, Latin p. 343), because the Moon's motion is not contrary to the Earth's motion, since it is toward the same quarter. And therefore [Galileo] himself explained the sea's tide in another way, through the unequal motion of the Earth, as we have already narrated from number 1 to 10—which we shall soon most evidently show to be false, from number 43.


[Margin: 18th Opinion, our own.]



[XLII.] The Eighteenth, Our own opinion, collected and selected from many of the premised [opinions], is that the sea's tide likewise happens from the Moon, stirring up the humors, vapors, and exhalations in the sea-bottom, and moving them (without rarefaction) at the sensible surface of the sea, according to their diversity—as opinions 14 and 15 hold; yet so that to its variety there concur not only the Sun and the rest of the positions of the stars, but also the incursion of Rivers nearer to the tiding places (as opinion 1 holds); and the double current of the sea, of which [we treated] from number 11 to 15 (as opinion 3 holds); and the gulfs of waters vomiting forth from subterranean whirlpools and again re-absorbing the waters (as opinion 2 holds); and the diverse situations of channels and shores (as opinion 4 holds); and sometimes the winds (as opinion 8 holds); and subterranean fires (as opinion 9 holds). Although these [be] fused into one, yet the effects which we enumerated at number 23 will always be worthy of admiration—and especially that which is discerned in the diurnal period of the returning tide, when the Moon, below the horizon, accedes to the lowest [point] of the meridian. For that the Moon transmits its power through the whole terrestrial globe, and that this is by no means blunted or remitted—or [that it travels] to the opposite part of the highest heaven, whence it is reflected back to us, having twice traversed an immense space (since indeed we recognize the other heavens as by no means solid)—is not yet persuaded to me. But neither through the monthly libration of the Moon, and the diverse emersions or occultations of its spots toward [its] margins, can we explain this diurnal vicissitude. Nor hitherto have I found a man who satisfies me in this part; nor am I ashamed to be ignorant of it—[I] who do not doubt that I am ignorant of many other [things] easier to know.


[Margin: The final cause of the Marine Tide.]



But the final cause of these motions Francesco Resta touched briefly and expeditiously, from Bodin (bk. 3 of the Meteorology, tract 1, ch. 15): for the sea's Tide serves both for washing away and checking its own filth, and for fisheries, and for the more opportune landings of ships for importing and exporting wares; and for the salt-pans, or natural workshops for making salt; and for stirring up many living things. I add, also, [that it serves] for supplying abundant matter for the praises of GOD the Creator, and for acknowledging the imbecility of our own intellect. Now to Galileo, who imposed on us the necessity of so prolix a treatment, lest we should seem to wish to demolish, with a light arm, an argument which he himself esteemed of so great weight for the Earth's motion.

Refutation of the Cause of the Diurnal Tide adduced by Galileo

[XLIII.] The doctrine of Galileo, delivered from number 4 to 7, must be repeated in this place, together with the diagram there set forth. For he said that the cause of the diurnal flux and reflux, returning twice in [each] twelve hours, is the unequal diurnal motion of the Earth HKFG about its center B, toward the Eastern quarter from H to K; for this motion is faster in the upper semicircle GHK, because it seconds the motion of the center B (carried by the force of the annual motion toward the same quarter, from B to C); but in the lower semicircle KFG the Earth's motion is slower, as striving against the annual motion of the center B; and therefore there happens alternate-


[…continues on p. 378 (PDF 413) with the catchword "[alterna]tim": "…alternately [an acceleration and a retardation of the parts of the Earth's surface]"—the rest of the recapitulation and refutation of Galileo's diurnal-tide cause.]





(printed p. 378 — within Chapter XIV, ¶XLIII: Riccioli's point-by-point refutation of Galileo's diurnal-tide cause, with the mechanism's engraved diagram re-printed. Arguments 1–5 are given: the Earth's motional inequality is real but imperceptible; Galileo contradicts himself and Copernicus on the carried-along air; a tide needs a sudden, not gradual, velocity-change; the tide demonstrably tracks the Moon; and an Earth-driven tide would be universal along every East–West shore.)
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[and therefore there happens alternate]ly a tide and a reflux, and the rest, which we there described.


[Translator's note — engraved diagram (a re-print of the figure at p. 361): the great annual orb, with center A (the Sun) at its lower middle and the cardinal points O (top), P, C, D, Q around it; the Earth-globe is the middle circle HKFG (H top, K left, G right, F bottom) with center B and a small inner circle; the Earth's own path carries B around, with O marking the top and L the bottom of that path, and the small arcs M–N flanking A below. It illustrates Galileo's compound motion: the Earth's surface-point at H (where the diurnal and annual motions conspire) moves fastest, at F (where they oppose) slowest.]



But against this cause there are very many arguments, partly our own, partly others'. And first, indeed, Galileo's argument is either null or invalid; for that inequality [of the Earth's motion] is not real, says Chiaramonti, but optical, and merely apparent to an eye feigned to be at A; for to it the parts GHK will seem faster under the Firmament, because the center B of the circle GHKF—as [the center] of an Epicycle—is advanced toward the same quarter; but the parts KFG will seem retrograde a little below the points K and G, on account of [their] motion contrary to the motion of the center B. By which reasoning Galileo himself tried to show that the Retrogradation of the Planets is not real but apparent. Add that to us—who are not at A, but on the surface GHKF, on which we behold the sea's motion—the Earth's motion is not only not unequal (since Galileo confesses it to be in itself equal), but cannot even appear unequal: both because we are turned in the same manner with the Earth, and because we cannot observe by any sense even any motion of it, much less the inequality. But if we were at the center B, the Earth's motion would appear to us equal.


[Margin: Galileo's argument in form.]



But Galileo's argument, reduced to form, was of this kind: "In every vessel full of water, and moved now more slowly, now more swiftly, the water now flows to one margin, now flows to the other margin. But the Earth is a vessel of this kind, therefore etc." To which argument Chiaramonti concedes the Major concerning real velocity and slowness, [but] denies it concerning the merely apparent; but the Minor, by which the Earth is supposed to be moved more slowly and more swiftly, he denies as to real velocity and slowness, [and] concedes as to [velocity] apparent to an eye feigned at A. Cabeo touched something similar, rather obscurely (2 Meteor., text 6, at the end of question 8). But each is deceived: for not only to an eye at A, but [to one] placed anywhere, the point of the Earth H, in mundane space, on account of the mixed motion (from the diurnal about center B, and the annual of center B about center A), would have completed a much greater journey than if it had been moved by the diurnal motion alone about center B—so much so that, according to what was said with Kepler (ch. 6, no. 2), such a point [H] at the Equator completes, by the diurnal motion indeed, in one hour 240 German miles, but by the force of the annual motion 740, that is, with the motions compounded, 980 miles; whereas, on the contrary, the point F would complete in one hour 500 miles.


[Margin: 2nd Argument against Galileo.]



Secondly, Galileo contradicts himself and Copernicus, while he attributes to the water a motion diverse, and sometimes contrary, to the motion of the earth, and yet derives its origin from the earth's own diurnal and annual revolution, and not from elsewhere. Which contradiction I too formerly noted, and saw observed by Chiaramonti (in the Defense of the Anti-Tycho, part 4, ch. 25), and by our [Father] Furner (bk. 9 Hydrography, ch. 15). For Copernicus, objecting to himself (bk. 1 of the Revolutions, ch. 7) why heavy things thrown perpendicularly upward fall back into the same point of the earth, although meanwhile [the earth is] withdrawn with so great swiftness; and [why] the clouds themselves, and whatever else hangs in the air, do not seem always to be carried Westward, if we are rolled with the earth toward the East—responded (ch. 8) with those words: "What then should we say of the clouds, and of the rest hanging in the air in any way whatever, or subsiding, and again tending into the heights? Except that not only the earth, with the watery element conjoined to it, is so moved, but also no small part of the air, and whatever things have a kinship with the earth in the same manner—whether because the neighboring air, mixed with earthy or watery matter, follows the same nature as the earth, or because the motion of the air is acquired, [a motion] which it shares from the earth by contiguity, by a perpetual revolution and without resistance." Which doctrine Galileo receives (dialogue 2 On the System of the World). Therefore, if not only watery bodies, but also clouds and things like them, which are near the earth and yet cohere less with it, are moved with the same velocity and kind of motion as the earth toward the East, the water likewise—the whole of any sea whatever—ought to be moved equally with the earth's globe toward the same quarter, if this common motion be attended to; nor will it be able to be moved elsewhither, or unequally, except by some peculiar motion from without, such as from the winds. Therefore, while Galileo attributes to the Sea a motion of flux and reflux diverse from the diurnal conversion of the Earth—on the ground that the water is fluid and does not wholly obey that motion which, nevertheless, the air (neighbor to the earth, and far more fluid) does obey—he is repugnant both to Copernicus and to himself.


[Margin: 3rd Argument.]



Thirdly, if the Earth's diurnal motion together with the annual could produce the Sea's flux and reflux, it ought to produce it on account of the sudden change of motion, and the abrupt transit from velocity to slowness, or from slowness to velocity—as appears in a vessel full of water; for unless it is shaken by a sudden change, the water does not sensibly fluctuate, nor is it raised now to one, now to the other margin. But even if the Earth be admitted to move unequally, yet the change from velocity to slowness does not happen all in one impulse, nor at once, but little by little and imperceptibly around the points K and G—exactly as in the Planets moved through an Epicycle. Which argument I found afterward in Cabeo (2 Meteor., text 6, q. 8). Nay, this very inequality is insensible, especially far from the points F and H, as we shall show in ch. 19 from numbers 9 and 11.


[Margin: 4th Argument.]



Fourthly, from the History of the diurnal sea-tide given from number 17, and from the Nautical Rules for discerning the hour of the highest tide, or living water, given from numbers 20, 21, and 22, it is evident that the sea's tide has the greatest connexion with the Moon's diurnal and monthly motion; and that, in the same places where it happens, it is daily postponed by about 48 minutes—namely, by as many minutes as the Moon daily rises later, on account of its proper motion; and that the highest tide happens when the Moon accedes to the Meridian, above or below the Horizon, even outside [the moment of] noon or midnight. Which rules the shipmasters collected from long observation and most certain experiments—since indeed ignorance of these would be very pernicious to them. But if the sea's tide depended on the motion of the earth, and took its vicissitudes and laws from it, the aforesaid rules would be vain and most fallacious; for no cause can be taken from the motion of the earth, on account of which, the Moon acceding to the Meridian, the highest tide of the whole day or night should happen, or why it should be daily retarded by 48 horary minutes. And therefore Galileo, in that dialogue 4, as if in jest—not to say in contempt—belittles the opinion of those who ascribe the sea's tide to the Moon, and either shows himself unskilled in nautical matters, or craftily dissembles their rules. But he could not deceive the skilled, nor will he ever be able to persuade the shipmasters to take the rules of the tides from this feigned, uncertain, and insensible motion of the earth, and to desert those which they have acquired from the Moon's motion, with so great a consensus of the craftsmen and so great a success of navigation.


[Margin: 5th Argument.]



Fifthly, if the sea's flux and reflux happened from the diurnal whirling of the Earth toward the East—but unequally, in that manner which Galileo feigns—it ought to be universal to any sea extended according to the length of the earth from West to East, and to be felt alternately on every eastern and western shore; and so the shore of Africa, which is from the western mouth of the Strait of Gibraltar up to the Tropic of Cancer, and


[…continues on p. 379 (PDF 414) with the catchword "est": "…and is immune from the tide [ought to experience a tide]"—the rest of the fifth argument, and the further arguments against Galileo's tidal cause.]





(printed p. 379 — within Chapter XIV, ¶XLIII: the arguments against Galileo's diurnal-tide cause continue, numbers 5 through 12 — chiefly that shores on the same meridian tide differently, that North–South-facing seas (which Galileo's theory would leave tideless) tide strongly, that the tide is a swelling from the bottom rather than a mere flow, and that its variations track the Moon rather than the hours of the day, with absurd nautical consequences drawn from the supposed whirl.)
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[the shore of Africa, from the Strait of Gibraltar to the Tropic of Cancer, which] is immune from the tide, ought to experience a tide when the waters returned from the eastern shore of America; or the western shore of Spain would feel the tide when the waters return from the shore of Syria—at least in those 8 hours in which it was observed by the people of Cadiz that the waters of the Mediterranean flow out through that strait into the Ocean. Which I say because Galileo says that no tide happens on the Eastern shore of Spain, on the ground that the waters of the Ocean, having entered through the Strait of Gibraltar, resist the waters of the Mediterranean carried toward Spain—which is not true of the whole day, but at most of 15 or 16 hours.


[Margin: 6th Argument.]



Sixthly, if the sea's tide were from the Earth's diurnal revolution (as Galileo wishes), then in those shores which face toward the Eastern or Western quarter and are at the same time under nearly the same Meridian, the tide would be in the same manner, and at the same hour, and in the same measure, without sensible difference. But this is repugnant to daily experience, and to the history of the tide already given: for if anyone considers the tides which happen on the shores of England, Belgium, Gaul, Lusitania, and Guinea, he will detect a very notable difference, both in the time and in the measure of the tides. Besides, it would be necessary that, at the time when the sea is high on one Eastern shore, it should be low on the western shore opposite to it—which is likewise against the history of the marine tide; and much less could the waters of two seas, meeting each other in the same tract of sea, cause the tide—but at the same time both would run toward the East, or both toward the West. But it happens otherwise in the Strait of Magellan, in which the waters, rushing on this side from the Atlantic Ocean, on that side from the Pacific sea, and meeting each other, produce in the middle of that strait a notable tide, and afterward, subsiding, flow back—the ones into the Atlantic, the others into the Pacific.


[Margin: 7th Argument.]



Seventhly, if the sole cause of the marine tide were the inequality of the Earth's motion toward the East, surely no sensible or great tide could happen in shores and ports situated toward the North or South; and therefore Galileo, either through unskillfulness or through craft, denied that a tide happens in the Red Sea. But that this is false, the History of the marine tide teaches by very many and manifest experiments. For not only in the Red Sea does a tide happen, but at the southern shores of America beyond the Mexican gulf, and likewise on the southern coast of the East Indies, from Calicut to Cambay—where it is so rapid and vehement that in 15 [minutes] at the least it occupies [several] miles of shore in two hours, and in as many hours, by reflowing, lays the same bare, and drives the waters of the Indus river upward toward [its] source, and then, by reflowing, leaves the ships on the dry. And if the English, Dutch, and others be questioned, who every year sail to Spitsbergen to acquire whales by fishing, up to the 80th degree of polar altitude, they will attest that the waves of the tiding Ocean are rolled and rush from South toward North—and indeed more vehemently than anywhere it happens from East to West, or from West to East. As in the Archipelago of St. Lazarus the tide is borne daily toward the South with such force that it bursts ropes of 27 inches' thickness, as Furner narrates (bk. 9 Hydrography, ch. 16), who uses this very argument against Galileo, as also Cabeo (2 Meteor., text 6, q. 8).


[Margin: 8th Argument.]



Eighthly, the continuous motion of the Earth toward the East—and so rapid that in 24 hours it would revolve the whole globe of the earth with the enclosed waters—would impede not only the tides strictly so called, which happen by the sea's motion toward the Poles or the Equator, but also the other fluxes of the sea running toward the North or toward the South; for it would at length overcome their motion and involve [it] together with itself. But it is established that the sea's waters run from the North or from the South toward the Equator, as appears from the history given at number 12. Besides, [the Earth's motion] would impede either the tide, or the flux and reflux of the Chalcidic Euripus, and of the currents between Africa and the island of St. Lawrence [Madagascar], and the courses of the ice rushing from the North, of which [we treated] at the same number 12.


[Margin: 9th Argument.]



Ninthly, since in the preceding figure the Earth's motion is supposed by Galileo to be slower in the lower semicircle KFG (because it is illuminated by the Sun), and faster in the nocturnal semicircle GHK—if the tide happened on account of the Earth's motion, it would be necessary that for about 12 hours daily the sea should everywhere flow, and for as many [hours] reflow, and that of the two effects of this motion one should be felt in places tending from K, through F, to G, the other in places [tending] from G, [through] H, to K, with perpetual succession: to which motion, however, observation is repugnant.


[Margin: 10th Argument.]



Tenthly, if the Sea's tide, properly and strictly so called, be rightly considered, it is not a mere local motion, but a certain swelling-up from the sea-bottom itself toward [the surface]—granted that the waters thus swelling then run toward the lower parts of the sea or shores. But if it were from the motion of the earth, it would be a mere flowing-toward and flowing-back by the local motion of the waters going and returning hither and thither.


[Margin: 11th Argument.]



Eleventhly, if the Earth's motion toward the East, by its inequality, were the sole cause of the marine tide, the variation arising from the transit from velocity to slowness would always be observed everywhere at sunrise; and [the variation] arising from slowness to velocity at sunset; and the variation arising from the highest slowness would be observed at noon, but [the variation] arising from the highest velocity at midnight. For in the figure set forth by Galileo, the transit from the swift earth-motion to the slow happens at the point K of the terrestrial Equator (and similarly in its parallels), where the Sun A begins to be seen; and the transit from the slower motion to the swifter happens around the point G, where the Sun ceases to be seen and seems to set; but the highest slowness happens at the point F, to which the Sun A makes noon, and the highest velocity at the point H, where it is midnight. But no experiment supports this observation; nay, almost the whole history of the marine tide is repugnant [to it], whose varieties—as to the beginning and end of the tide, or as to its highest or lowest measure—depend not on the four cardinal points of the day, but on the Lunar elevation above the horizon, and its descent, and on its access to the highest or lowest [point] of the Meridian.


[Margin: 12th Argument against Galileo.]



Twelfthly, if from the diurnal whirling of the Earth in 24 hours the sea's flux and reflux arose—since in each hour 15 degrees of the terrestrial Equator and of each parallel are revolved toward the East, so that this motion be proportioned to the impulse of the earth driving the waters—it would be necessary that the waters running from West to East, from the shore of the western region at sunrise, should reach the opposite shore in about as much time as the degrees of longitude intercepted between the western and eastern shore require: namely, after one hour [later] if they were distant 15 degrees, and after two if 30 degrees, and so of the rest. And so, from the shore of Spain the waves ought sometimes to reach the shore of Syria in 3⅔ hours (because it is distant in longitude about 55 degrees); and from the shore of North America (the Land of Florida) to the western shore of Spain—just as from the shore of New France to the western shore of Gaul—the waves would sometimes consume just as much time (because they are distant among themselves about 55 degrees in longitude). Sometimes, I say—namely when, on account of the inequality of the diurnal motion asserted by Galileo, [the waters] would impinge on the shores of the western land, and thence return toward the East to the shores opposite in the same parallel. But from the eastern shore of England to the western shore of Denmark or Norway (which are distant 6 or 7 degrees of longitude from each other) the waves would flow within 24 or 28 horary minutes. But hence would follow three inconveniences, or three effects repugnant to nautical experiments.


[Margin: The highest velocity of ships.]



First: ships sailing eastward in such parallels would experience, of themselves (when the winds did not obstruct), an incredible velocity—and as great as they have never experienced; for in the parallel of latitude 30 degrees, through which one nearly sails from Spain to Syria, each degree contains 61¼ Italian miles (of which, according to what was said bk. 2, ch. 7, one degree at the Equator contains 72½). Therefore, if in each hour the sea-water carrying a ship completed 15 degrees, surely that ship would traverse in one hour 918 Italian miles; but in the latitude of 45 degrees it would complete in one hour 756 miles—whereas it scarcely, even in a whole day, by the swiftest course, completes in the Mediterranean 500 miles, but in the Ocean 200, as I said (bk. 2, ch. 16, no. 8). Secondly: ships meanwhile meeting, by a contrary course, the waves reflowing from West to East, would experience an incredible and insuperable resistance—whereas it is certain that those sailing westward are perpetually aided by the sea's course toward the West, as we showed at number 13. Thirdly: it would follow that, in that tract of sea which is between England and Denmark or Norway, the waves would flow within 24 or 28 horary minutes, and reflow as often to the opposite shores; and so 24 tides would happen daily, and as many refluxes—which has hitherto been detected not only [not] there, but not even in any Euripus whatever.


[…continues on p. 380 (PDF 415) with the catchword "Deci-": "Thirteenthly [Decimotertiò]…"—the remaining arguments against Galileo's tidal cause.]
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[Margin: 13th Argument.]



Thirteenthly, from Galileo's opinion—admitted, indeed, with little consistency as to the earth's motion, but nevertheless by hypothesis—it would follow that, in seas or bays narrower according to [their] length and enclosed within neighboring shores (especially those facing North and South), no sensible tide happens; of which kind are not only the Red Sea (of which it was said above), but also the sea between England, Norway, Denmark, and Belgium, and our Adriatic Sea (which is narrower than the Tyrrhenian), or the Venetian Gulf, and the Persian Gulf, and the Bay of Bengal, and the Chinese Gulf: and yet in them notable tides happen—so much so that between England and Belgium it rises on that side 50 and 70 feet, on this side 15 and 20, as our [Father] Furner has often observed and narrated (bk. 9 Hydr., ch. 20). But re-read the history of the marine tide, where there is discourse of the tides of the Bays and Straits.

The Cause of the Monthly and Annual variety of the marine Tide, feigned by Galileo, is refuted

[XLIV.] If you recall to memory what I said at number 7: Galileo wishes the diurnal motion of the Earth and of the Lunar heaven, taken together, to be slower at the New Moons (because the Moon must then describe, in the same time, a greater arc of the annual orb), but faster at the Full Moons (because [it describes] a smaller arc). But from what was said at numbers 8 and 9, the diurnal motion at the Solstices adds more to the annual motion than at the Equinoxes, by Galileo's hypothesis; and so he tries to defend the monthly and annual varieties which are in the sea's tide—which, however, he did not expound determinately, I believe lest a sincere exposition of them should obstruct his own hypothesis. But against Galileo's hypothesis are the following arguments, in great part taken from Cabeo (2 Meteor., text 6, q. 9 and 10) and Furner (bk. 9 Hydrography, ch. 19).


[Margin: 1st Argument against Galileo.]



First, if at the New Moons the diurnal motion of the earth turns out faster than at the Full Moons, and this difference is so great as to produce a sensible difference in the marine tide, this difference would long since have been observed in the diurnal motion of the Sun (for which Galileo and all the Copernicans substitute the motion of the earth)—and the more easily, the more often this happens within the year, that is, at least twelve times at the new moons and twelve times at the full moons. But neither Copernicus, nor Tycho, nor any other Astronomer observed this difference—[they] who nevertheless observed other, subtler differences of the celestial motions, and [ones] growing only with time.


[Margin: 2nd Argument.]



Secondly, for the Moon to be faster at the New Moon and slower at the Full Moon, it would not be necessary that the Earth itself then move faster or slower, but the Earth's accustomed motion would suffice, together with the diverse distance of the Moon from the center of the annual orb—to which, made nearer, it would be faster at the conjunction ☌, but, made remoter, it would appear slower at the opposition ☍.


[Margin: 3rd, principal Argument.]



Thirdly, and principally, from Galileo's hypothesis it would follow that greater tides happen at the New Moons (the Earth being then incited in [its] diurnal motion, and consequently the waters fluctuating more), and more also at the Quadratures than at the Full Moons, and indeed on the very days of the New Moon. But we have already shown (number 18, from the history of the marine tide) that the contrary happens; for in most places the tide is greater, or not less, at the Full Moons than at the New Moons; but nowhere [is it] greater at the Quadratures than at the Full Moons: and in many places the highest increments of the tides do not happen on the very day of the New Moon or Full Moon, but one or another—or even a third—day after, as we said in the same place.


[Margin: 4th Argument.]



Fourthly, if—because the Earth's diurnal motion is swiftest at the Solstices (as Cabeo gathers, rather timidly, from Galileo's doctrine adduced at numbers 8 and 9, since the diurnal motion most conspires with the annual and adds as much as the whole diameter of the earth requires)—it follows that the tide is greater at the Solstices than at the Equinoxes, and greatest of all at the Solstitial New Moons (as the same Cabeo gathers): but this is against experiment and the history given at number 19. If, however (as Furner thence gathers), the tide is smaller at the Solstices than at the Equinoxes, it would follow that the tide made at the Solstitial full moon daily grows toward the quadrature, the more one recedes from the Solstitial day; and, on the contrary, that the tides made at the Equinoctial quadratures are greater than the tides made at the Solstitial new or full moons. But by experiment it is established that each is false, and that the tides made at the Solstices (whether the Moon be new or full) are far greater than those which happen at the quadratures, as was said at number 18.

To one rightly considering this whole Hypothesis of Galileo, therefore, it will be manifest that it, for the most part, not only does not explain the cause of the marine tide, but even destroys the effect itself, and utterly overturns almost the whole history of it handed down by the most skilled shipmasters. Now, therefore, that we may sail out of this tide, let us dissolve Galileo's Argument reduced to form.


[Margin: Galileo's argument in syllogistic form. — Proof of the Major.]



[XLV.] "That Hypothesis is to be repudiated by which the cause of the Sea's Tide cannot be rendered, and on the contrary that [is] to be embraced by which it can. But by the Hypothesis of an immobile Earth the cause of the Sea's Tide cannot be rendered; and by the Hypothesis of the Earth moved with a diurnal and annual motion it can. Therefore the Hypothesis of an immobile Earth is to be repudiated; but the Hypothesis of the Earth moved with a diurnal and annual motion is to be embraced." The MAJOR does not seem to be called into controversy; for even if the other [things] were unequal, and by the hypothesis of an Earth at rest the cause of some motions—at least the elementary—were rendered equally well or better, yet so great is the variety of the marine tide, and so celebrated and of such moment is the question concerning the Sea's tide, that if by some hypothesis it could at length be settled, and a sufficient and highly probable cause of all (or the chief) effects and accidents which appear in that motion could be adduced, there would be no cause why that hypothesis should not be preferred to that [other] which can exhibit no sufficient cause of them.


[Margin: Proof of the Minor.]



The prior part of the MINOR, which is negative, is proved from the things said here and there by Galileo, indicated from number 3 to 10; and from the refutations and difficulties against all the opinions concerning the cause of the sea's tide which suppose the Earth immobile, or which do not number its motion among the causes—[opinions] which we ourselves adduced from number 23 to 42. But the posterior part is evident from Galileo's doctrine, explicated from number 2 to 10.


[Margin: 1st Response.]



I respond, first, the Major being granted, by denying the Minor as to each part. As to the prior [part] indeed, because, without the motion of the Earth, the cause is rendered by opinion 18, brought forward at number 42—not, indeed, evident as to all the effects of the marine tide, but evident as to some, and as to others probable; but where the explanation fails, it fails in that [point] in which, by the hypothesis of a moving earth, no explanation at all was rendered by Galileo—namely, why, the Moon being placed below the Horizon, the tide happens just the same as when the Moon is above the horizon; since Galileo acknowledges no necessary connexion between the diurnal tide and the Moon's motion and position, nor adduces for this peculiar effect a peculiar cause from the earth's motion (as neither for many other effects). Wherefore, although by the hypothesis of an Earth at rest the cause of the sea's tides is not rendered absolute and wholly satisfying to our intellect, yet, compared to the explanations which Galileo tried to beg from the hypothesis of a moving Earth, it is rendered much more probable, and congruent with very many effects, and repugnant to none.

But the second part of the Minor is denied, on account of the twelve arguments made at number 43 and the four at number 44 against Galileo—from which it clearly is established that Galileo, in very many [points], is repugnant to the most manifest experiments and observations concerning the sea's tide, made from the time of the Phoenicians down to our times; and (as our Furner rightly said, bk. 9, ch. 16, of his most erudite Hydrography) has inquired into the cause of a thing which does not at all exist in the nature of things—that is, the cause of a certain chimerical tide, feigned by himself, and not such as it really is, and such as has long since been observed by those skilled in maritime matters.


[Margin: 2nd Response.]



It is responded, secondly, by retorting very many of the arguments set forth at numbers 43 and 44 against Galileo, by saying:


"If the Earth were moved, and by its motion were the efficient cause of the sea's tide, in that manner which Galileo explains, the sea's tide would not be such as it really is; therefore either the Earth is not moved, or by its motion it is not the cause of the sea's tide in that manner which Galileo explains."

[…continues on p. 381 (PDF 416) with the catchword "CA-": Caput XV — "Baliani's System set forth," presenting his hypothetical tidal mechanism by way of his letters.]






Chapter XV, The System of Lord Giovanni Battista Baliani is set forth — devised (not asserted, but by mere hypothesis) for explaining the cause of the Marine Tide through the motion of the Earth better than Galileo achieved

(printed p. 381 — Caput XV presents the tidal hypothesis of the Genoese patrician Giovanni Battista Baliani through two 1650 letters to Riccioli: a monthly revolution of the Earth to produce the tides, offered strictly as hypothesis in deference to the Church's decree. Riccioli publishes it as a model of keeping bold conceptions "within the swaddling-bands of mere hypothesis." Caput XVI then opens, on the velocity of falling heavy and light bodies from Riccioli's own experiments, beginning with the Aristotelian axiom that falling bodies accelerate.)
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[I.] I indeed persuade myself that the most illustrious Lord Giovanni Battista Baliani, a Genoese Patrician, will not be unwilling if I publish his Letter written to me—since it contains nothing secret that is not to be revealed, nor detracts anything from his reputation, which he long since acquired for himself, among prudent estimators of these matters, by his most learned books on the natural motion of heavy bodies, solid and liquid. Nay, from the following epistle his singular piety and prudence, joined with acuteness of intellect, will appear—since he defers, with as great reverence as is fitting, to the Sacred Congregation of Cardinals in this matter concerning the motion of the Earth. There is, therefore, his epistle given to me, and faithfully rendered into Latin, of this kind:


[Margin: The Letter of Lord Baliani to the Author of this Almagest.]

Some time ago Lord Girolamo Bardi showed me some letters of your Paternity, in which he signified [your] desire of seeing my System, in which the Earth would revolve around the Moon. To which I replied that I do not deny that this conception once came into my mind (or fancy); and little was lacking but that I should write to your Reverence about it. But from this I abstained, because I gave no assent to this figment, nor did I think it to be true, for many reasons—but especially because I would believe it to be against the decrees of those in whose power is the authority of judging concerning matters pertaining to the Faith. But when, very recently, I was discoursing with Fr. Nicolaus Cabeo (who, to my great sorrow, migrated from the living not long ago), and who vehemently commended to me your Almagest, an occasion arose for me of writing these few [words] to your Reverence, and of asking that you would deign to signify to me when it may be hoped that the new Almagest will come forth into light, and at the same time of rendering the reason why I once conceived in my mind the aforesaid system concerning the [revolution around the] Moon. But that took its occasion thence, that I had seen Galileo think it could be demonstrated that the Sun is the center of the flux and reflux of the Sea—in which matter he evidently erred, as I wrote at once to him himself, after his book had been transmitted by him to me. But by that occasion I detected that the true cause of the marine tide would result, if the Earth were to revolve around the Moon—yet not absolutely assenting to this hypothesis, for the aforesaid reason; and also because I do not yet see how the Moon can be set in the center of the universe, or how, the Sun being placed in this center and the Moon constituted in the center of the Earth's Epicycle (which are the two ways of defending the sea's tide), all the celestial Phenomena can be preserved. It pleased me, therefore, to signify to your Reverence this slight foundation, by which it was reported to him that I had had in mind to publish such a system; whose hand at length I reverently kiss. Given at Genoa, the 9th day of July, the Year 1650.

Of your Reverence the most Reverend, the most devoted Servant, Giovanni Battista Baliani.



[II.] When I had responded to this most kind epistle—[saying] that it seemed to me most difficult, by the aforesaid system, to preserve all the celestial Phenomena without multiplying motions in the Moon—he did not grudge to write back this second epistle to me:


[Margin: Another letter of the same to the same.]

What your Reverence signified to me, by [your] most kind letters, concerning the publication of the Almagest, would have been much more gratifying if by them a hope had been offered me of a much earlier edition of the aforesaid work. Nevertheless I pray that the life and health of your Reverence [be] most excellent, that you may be able to complete so great a work, for the use and erudition of lettered men. I considered then what your Reverence wrote to me concerning that system of mine. And although I persist in believing the Earth to be really at the center of the Universe, I do not yet hold [it] persuaded that, if the Sun were placed there and the Earth were turned around the Moon, it would be necessary that other motions be ascribed to the Moon beyond those which Copernicus conceived in mind and those which he himself followed. For it seems to me, at first sight, that the appearances can be defended without new motions of the Moon around the Earth which are worthy of consideration—but [that] it would nevertheless necessarily have to be feigned that the Great Orb [is] much ampler, and the Sun's interval supposed far greater, and accordingly also the distance of the Fixed [stars] much longer, than even the Copernicans themselves judge. Which I do not doubt would be a great Paradox. But, this notwithstanding, it seems to me that, if GOD had wished to found such a system, it would answer to the experiments both of the celestial motions and of the marine tide. May your Reverence hold me excused, if I importunately thrust upon him these troublesome and tedious propositions, and may he deign to command me something for his own sake. Genoa, the 30th day of July, the Year 1650.

Of your Reverence the most Reverend, the most devoted Servant, Giovanni Battista Baliani.



[III.] These [things] I had to indicate to my Reader concerning the aforesaid system—not so much that I might adjoin the judgment of so great a man against Galileo, as that, by his example, the rest may learn, if perhaps the conceptions of their own mind agree not at all with the authority of the sacred letters or of Ecclesiastical sanctions, either not to bring [them] forth, but to suppress them by a pious and prudent—and therefore fruitful—abortion; or, if perhaps they have brought [them] forth, to confine them within the swaddling-bands and cradle of mere hypothesis.


Chapter XVI, For the better understanding and solving of the Argument for the Diurnal and Annual motion of the Earth together, [drawn] from the Increment of the Velocity of Heavy bodies, Select Theorems and Problems concerning the Velocity of Heavy and Light bodies and the Increment of [their] Velocity—drawn from our experiments both in Air and in Water—are Proposed

[I.] For now twenty and more centuries it has flourished in the Academies of the Physicists—especially the Peripatetics, with Aristotle (bk. 1 On the heaven, ch. 88)—that principle and axiom, collected from the induction of experiments and of itself sufficiently known to sense: "Heavy bodies, descending by natural motion through a lighter medium, are continually moved more and more swiftly, the nearer they approach to the terminus toward which they tend"—or, the nearer they approach to the center of the Earth, whether this happens because this center is the center of gravity, or because it is the center of the Whole terrestrial element, to which (as a whole) all terrestrial bodies desire to be joined. Which increment of velocity, manifest to ocular attention itself, appeared much more evidently from the far more vehement sound, and from the much stronger percussion, which follow from some heavy and hard body if it be let fall from a higher than if from a lower place. And Aeschylus could have attested this, if he had survived—on whose bald cranium (mistaken for a rock) an Eagle, on high and in lofty flight, poised perpendicularly, let fall a tortoise previously seized in [its] talons, and, looking down on the broken [shell], suddenly flew down, that it might devour the flesh of the animal (like a kernel freed of its native rind); for they say Aeschylus died from that percussion—which would by no means have happened to him thence,


[…continues on p. 382 (PDF 417) with the catchword "si ex": "…if [the tortoise had been let fall] from [a lower place]"—the rest of the discussion of falling bodies and the increment of their velocity.]





(printed p. 382 — within Chapter XVI (falling bodies). ¶II surveys five errors about descending bodies: that they fall uniformly, that the apparent acceleration is circular motion, that bodies of different weight fall in equal times (against which Riccioli inserts his own 1634 Ferrara tower experiment with Cabeo, where the heavier struck a little sooner), and that velocity is proportional to weight (Aristotle).)




[Header: BOOK IX. SECTION IV. — 382]



[which would by no means have happened to him] if that body had been let fall from near at hand. And so the tortoise of the brute animal, when it was struck back by the percussion, so broke the tortoise-shell of the rational soul (containing a not-ignoble brain), that, broken, it perished in the wound of another about to perish soon; and while it made the corpse of Aeschylus, in that field, as far as in it lay, exposed to the Crows, it [the tortoise]—the more ignoble food, and the slowest—yielded as nourishment to the nobler and swiftest bird. This increment of impetus, therefore, inseparably connected with the increment of velocity, and manifest to the three chief senses (sight, hearing, and touch)—nay, even to the birds themselves—there were not lacking those who dared to call it into doubt, or even utterly to deny it.


[Margin: Five errors in the descent of heavy bodies. — 1st Error. — Of Simplicius. — Of Arriaga. — Of Cabeo.]



[II.] But I have found five diverse errors in this matter. For, first, some deny that heavy bodies descending naturally are moved uniformly-difformly [uniformly accelerated], or with an unequal but greater and greater velocity toward the end, and dare to affirm that they are moved equally [uniformly]—not only [as to] the real motion considered, but also [as to] that [motion] which appears to us to happen along a straight perpendicular line: among these is Simplicius (on bk. 1 On the heaven, text 88, comment 86, toward the end), where he calls this into doubt; but manifestly in this class is our [Father] Rodrigo Arriaga (disput. 4 On Generation, sect. 5, subsection 3), affirming that the same movable—whether it be heavy and [move] downward, or be light and move upward—is always moved with an equal velocity. But Nicolaus Cabeo also (bk. 1 of the Meteors, text 17, at the end of question 3) professes himself doubtful concerning this matter, when he said of a heavy [body] descending: "Neither is this very thing established to me, whether the velocity increases uniformly-difformly in equal parts of time and of space, and consequently whether it can make the triangle of velocity: therefore I can establish nothing certain"—but he alludes to the triangle of Galileo, of which below.


[Margin: 2nd Error. — Of Galileo. — And of the revived Philolaus, or Bullialdus.]



Secondly, Galileo concedes the apparent inequality in the descent of heavy bodies along the perpendicular line (dialogue 2 On the twofold System of the World, Latin p. 120, Italian p. 159), but says that this motion, on account of the annual motion of the Earth, really happens along a circular line, and so that in equal times equal arcs are traversed. The author of [the revived] Philolaus, namely Bullialdus (for he, bk. 1, ch. 7, of the Philolaic Astronomy, professes himself the author of that book), in book 1 On the true System of the World, ch. 4, teaches that this motion—which appears to us [to be] in a straight line and irregular—really happens, or is composed, from two circular motions, of which each is equal and uniform (granted that one of them is faster than the other); all which [things] we shall declare in the following chapter, with figures set alongside.


[Margin: 3rd Error. — Of Galileo. — Of Baliani.]



Thirdly, some concede indeed that the aforesaid motion is uniformly-difform—at least as it appears to happen in a straight line, if any heavy [body] be considered separately; but if two heavy bodies of diverse weight be let fall from the same altitude, equally distant from the ground or pavement, they deny that the heavier is moved faster and reaches the pavement sooner than the lighter. So Galileo (whose person Salviati bears, dialogue 2 On the two Systems of the World, Latin p. 164, Italian p. 218): when he wished to investigate the time in which an iron globe would reach the earth from the concave of the Moon, and Sagredo had said, "Let us take, then, a globe of determinate weight—and indeed that very one whose time of descent from the Moon we wish to measure," Salviati responds: "But that matters nothing; for globes which weigh one, which ten, which a hundred, nay which a thousand pounds, will measure those same hundred cubits in altogether the same time"; and he adds that he has certain and firm experiments of this thing, to be brought forth in his treatise or dialogues on motion in due time. Since, therefore, he wishes the calculation which he soon institutes from the experiment of the altitude of a hundred cubits to be valid for investigating the time in which an iron globe would descend from the Moon to the earth, he surely judges that, if from the Moon's very concave two globes were let fall—one of one [pound], the other of a thousand or however many pounds—both would measure out that space in the same time, and would strike the Earth at the same moment, at least if they be of the same material or the same kind.

The same thing, at length, affirms Giovanni Battista Baliani, a Genoese Patrician, in his brief but most pith-full treatise on the natural motion of heavy bodies, solid and liquid, book 1—where he says that, when he was Prefect of the citadel of Savona, he detected, by repeated experiments, that "from two globes of war-engines [cannonballs]—whether both of iron, or the one of stone, the other of lead—let fall at altogether the same moment of time through a space of fifty feet (even if one were of only one pound, the other of fifty)—[both] strike in an indivisible moment of time, so that only one blow of both was perceived by sense." He then adds that he used two bodies of nearly the same bulk, one of wax, the other of lead, and: "I experienced," he says, "in the waxen [one] some longer delay in the descent—yet far below the proportion of the weights; for that waxen globe, in the given distance of fifty feet of descent, was distant about one foot from the ground when the leaden [one] was touching the plane beneath, the intervening air (if I am not mistaken) sensibly resisting and impeding the motion." From these and other experiments, he confesses that he descended into this opinion: that perhaps gravity behaves as the agent, and the material body as the patient, and therefore that heavy bodies are moved according to the proportion of gravity to matter; and where they are borne naturally by a perpendicular motion without impediment, [they] are moved equally [among themselves], because where there is more gravity, there is equally more matter or material quantity; but if some resistance accede, the motion is regulated according to the excess of the agent's power over the resistance of the patient, or the impediments of the motions.


[Margin: Of Cabeo.]



Nicolaus Cabeo agrees with Baliani—from [the time] when he knew him at Genoa, while he was preaching there—nor could he ever be torn by me from that opinion; and accordingly (in bk. 1 Meteor., text 17, q. 5 and 6) he most assertively affirms, from his own and oft-repeated experiments, that if two globes be let fall together from the same altitude—one of one ounce, the other of ten pounds, or of any greater weight, whether both be of lead, or one be of lead, the other either of stone or of wood—provided the air be tranquil, and that which is lighter be not of such small weight that, unable to overcome the resistance of the air or breeze, it fluctuates in the air (of which kind is a feather or paper)—both will reach the earth at the same moment, and no sensible difference can be noted in the fall; from which he infers that the velocity of all falling [bodies] is in itself equal.

But I do not know from how great an altitude he let fall those globes. This, however, I certainly remember: when we were together at Ferrara in the Year 1634, and we let fall, from the tower of our church of the Society of Jesus, stones of diverse weight, and also wooden globes—I having placed under one [spot] a brazen basin, under the other a wooden board, that from the diversity of the sound I might better distinguish which reached the ground sooner—I noticed that the [body] which was heavier reached [it] a little sooner. But because that difference was small (for that place of the tower from which it was let fall did not exceed 80 feet), therefore he [Cabeo] could never be brought to admit any inequality, or difference in the fall.


[Margin: Of Arriaga.]



At length, also, Arriaga (disput. 4 On Generation, sect. 5, subsect. 3), and those subscribing to him—Bartolomeo Mastrio and Bonaventura Belluto (disput. 3 On the heaven, q. 3, from no. 52 to 57)—assert that any two heavy bodies whatever, whether of the same or of diverse kind, or bulk, or figure, however much differing in gravity, descend in the same time from the same altitude, and slip down with an equal velocity in themselves. But the foundation of so great an assertion is Arriaga's experiment, by which he says that he often let fall together, from the same table, a dry crust of bread two fingers [thick], and the pen with which he was writing, and a huge rock which he could scarcely sustain with his hands, and noticed that these struck the pavement together at the same moment, and were moved equally swiftly; whence he exclaims and complains that, in a matter so easy, the experience of no philosophers ever proved this descent [to be unequal], but almost all remained in the faith of [their] forefathers.


[Margin: 4th Error. — Of Aristotle.]



Fourthly, others asserted that the heavier [bodies] descend sooner and are moved more swiftly, but affirmed too great a difference in the descent and velocity of two [bodies] not equally heavy; for they said that velocity is to velocity as gravity is to gravity—so much so that if of two globes one be of one pound, the other of ten pounds, and each be let fall together from the same height, the one which is of ten pounds reaches the earth ten times sooner than the other, or in the same time measures out ten times the space. So Aristotle taught; for not only did he teach (bk. 2 On the heaven, text 46), "That which is greater is borne more swiftly," and (text 77, 79), "A small particle of earth, if raised and let fall, is borne downward, and the greater it is, the more swiftly it is moved";


[…continues on p. 383 (PDF 418) with the catchword "[mo]ueri": "…the more swiftly it is moved"—the rest of the fourth error, then the fifth, and the first class of experiments.]





(printed p. 383 — within Chapter XVI. The survey of errors closes with the 5th — the disputed law of acceleration, opposing Galileo's odd-number/squares-of-times law to Cabeo's and Baliani's arithmetic progression and Chiaramonti's decreasing increment — and Riccioli announces he will settle the matter by experiment. The First Class of Experiments then opens, on levity as distinct from gravity: glass-tube experiments with a rising air-bubble and oil drops, proving levity a real positive upward force, not the mere privation of gravity.)
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[the greater it is, the more swiftly it is] moved; but besides (bk. 3 On the heaven, text 27): as a body of the same kind is [related to itself], or as gravity is to gravity in two bodies of the same kind, so is velocity to velocity, and space to space traversed in equal time. To which afterward many of the Peripatetics assented.


[Margin: 5th Error. — Of Cabeo. — Of Baliani. — Of Chiaramonti.]



Fifthly, finally, some erred from the truth in establishing the increment of the velocity of heavy bodies and its proportion—but in diverse ways. For when Galileo (dialogue 2 On the two systems of the world, Latin p. 163, Italian p. 217) had asserted, from his experiments, that this increment happens according to the odd numbers counted from unity—or, what comes to the same, that the spaces traversed by a heavy [body] in natural descent are to one another as the squares of the times, or have to each other the doubled proportion of that which the times have to each other in which that transit is accomplished; so that if a heavy [body] in the first scruple [instant] of time completes one palm, in two scruples it completes 4, and in three 9, and in four 16, etc.; wherefore, the scruples taken separately, to the first [there corresponds] 1 palm, to the second 3, to the third 5, to the fourth 7 palms—this, I say, when Galileo had asserted from his [experiments], and Gassendi had subscribed to it (epistle 2 On motion impressed [and] transferred by a mover)—Cabeo, nevertheless (bk. 1 Meteor., text 17, q. 3), not only calls it into doubt, but says that more probably this increment (if indeed it be admitted that heavy bodies are moved with unequal velocity and uniformly-difformly) happens by an Arithmetic progression: so that if in the first scruple of time the velocity was as 1, in the second it is 2, in the third 3, etc., according to the Arithmetic progression—which also Baliani thought much more true (bk. 4 On the motion of Heavy bodies, p. 110). But Scipio Chiaramonti (bk. 12 On the Universe, ch. 28), in order to show that the increment of this velocity does not grow to infinity, but at length so decreases that the velocity turns out equal [uniform], says that he divided the line AB (of about 1½ perches) into three equal parts—namely into AC, CD, DB—and used, for measuring the time, both a pulse-clock [pendulum] and water gently flowing from the little siphon of a vessel (and always of the same weight); and [says] that the weight reached, from A to B, in the time of 514 particles; but from C to B, in the time of 451; and from D to B, in the time of 320.


[Translator's note — a small engraved diagram accompanies this passage: a vertical line from A (top) down to B (bottom), with marks at C and D dividing it into three equal segments AC, CD, DB.]



When, therefore (says Chiaramonti), the time from C to D is equal to the time from D to B (understand: if it be let fall now from C, now from D)—if from the time CB (451) you subtract DB (320), there remain 131 parts [for CD]. Again, because from A to D the whole time is as much as from C to B—that is, 451 parts—and AB is 514, if you subtract AD from AB, there is left DB, [whose] time [is] 63. Finally, because the time AC is equal to the time DB—if the weight be let fall from A to C, or from D to B—and AC (or DB) is 320: therefore, for traversing the equal parts, these times are required, in order: for the 1st [part], AC, a time of 320; for the 2nd, CD, of 131; for the 3rd, DB, a time of 63. But the proportion of 320 to 131 is greater than [that] of 131 to 63; therefore the proportion of the increment of velocity decreases in the progress of the descent.

Thus far concerning the—I do not say opinions, but errors—of others; because the opposite of them, to us and to others who were present as witnesses to our observations (soon to be reported), is now not only probable, but evident and certain. And therefore we shall proceed—not from likely conjectures, but from infallible Physico-Mathematical knowledge—from the following experiments to certain conclusions.

The First Class of Experiments, for Lightness as distinct from Gravity


[Margin: 1st Experiment, of air perforating water so that you make it tend upward.]



[III.] A glass fistula, or tube, AB (as we sketch it in the following first figure), at least three feet long and as straight as possible, and closed at one end A by continuous glass—fill almost entirely with water, leaving only a small space AM, as wide as the breadth of the smallest, or "ear," finger; then close the mouth of the fistula with a wooden stopper, but smear the air-holes round about with bitumen, or with a wax-salve composed of virgin wax, pitch, and powder of Armenian bole, or of red rock-flower, so that no more air can enter—nor can the water go out, even drop by drop. Which being done, turn downward that part of the fistula whose top AM the enclosed air has now occupied, erecting the fistula perpendicular to the horizon; for you will see the air—which, in B, the bottom of the fistula, had had the form of a cylinder occupying the whole cavity of the fistula breadthwise—soon ascend, and so ascend that, contracting itself, it extends lengthwise; and [you will see] the upper surface of that little cylinder—which was flat, in the manner of a little disk—now made conoid, as you discern in C; namely, that it may more easily pervade the water, and as it were perforate it by that figure, and yield place all around (by its contraction) to that [water] tending downward. You will notice, besides, that this obtuse cone—or rather aerial pyramid—in [its] ascent is more pointed and narrowed, and accordingly that more of the descending water passes between its convexity and the cavity of the glass than before; and at length, when it has flown up to the top of the water, that it restores itself to its pristine cylindrical figure, if the cavity of the fistula be such.

These being laid down (which are most true, and I have often shown to many), it follows—philosophizing, however, sincerely and prudently—that although the ascent of the air and the yielding of the water begin at the same moment, yet by nature and causality the air is moved upward prior to the water's flowing to fill the place which is deserted by the air; since it is the air which, by swelling, enters upward into the water and compels [it] to yield to itself, as if a wedge were driven into its middle. Otherwise—if the air tended upward [only] because it is thrust into the upper [parts] by the water tending downward—the water would rather pervade the air wedge-wise (just as water falling outside the fistula bursts through the air beneath, but does not, surrounding it, receive it within itself), and this the more easily, the less the air, by its rarity, is fit to resist the impeller; or at least [the water] would blunt the swelling above (by which [the air] swells upward), and, compressing it below as if with pincers, would constrict its lowest part to a conoid figure. Now if the Air is prior in this motion, and behaves actively, it surely does this by some motive force upward; and this [force] Philosophers and non-Philosophers commonly call levity. There is given, therefore, a levity distinct from gravity; nor does levity consist in the privation of greater gravity.


[Margin: 2nd Experiment.]



[IV.] But take another experiment, perhaps more evident to you—or experience it yourself. Fill the aforesaid fistula, or another DE (in the 2nd figure), almost entirely with water, but pour upon it three or four drops of oil, leaving still a very small space for a little portion of air DL; then close it well, as above, and—turning the part D downward—erect it perpendicular to the horizon; for you will see the air [borne] most swiftly, the oil most slowly, upward—so much so that the air which was in E, penetrating the oil F, is now in H, when the oil is still a little above F; and when the air has obtained the top D of the fistula, the oil will not yet have drained off half the way. Therefore, the oil struggling upward around the middle of the fistula, turn again the lower part of the fistula upward; for at once the air H will fly upward, pervading the oil G wedge-wise, and will fly across into K. But sometimes it so pervades upward through the perforated oil that, nevertheless, a little portion of air, formed into a globule I, adheres to the oil above; and then the oil G will tend upward far more swiftly than it otherwise would have done in the same position—because it enjoys a double motion: one from [its] intrinsic levity, the other of traction, by which it is drawn by the air I. It is a sign, therefore, that the air is borne upward by its own levity; otherwise the water, by pressing the oil G, would more easily compress, or scatter to the sides, the air I. Nor can a physical and solid reason be rendered why that thing conjoined from oil and air should be moved more swiftly than the oil alone. For it cannot be said that the air is thrust upward by the oil G descending (as the less heavy by the heavier), since the eye evidently sees the oil G continually borne upward, and not slip down interruptedly so as to drive the air [up]; nor [can it be said] that the water, by descending faster, also expels the oil upward faster—since the bulk of water above the oil is not greater than before, and would most easily compress the airy bubble I; nor, finally, can it be said that the [thing] conjoined from G [and] I is something lighter than an equal [amount] of water in the same bulk, and that it therefore exceeds water in gravity more than the oil taken separately [does], and so wishes to occupy its place sooner; for if levity is not granted, and the little portion of air I has something of gravity, then rather from it and the oil a heavier body has been made than the oil alone would be.


[…continues on p. 384 (PDF 419) with the catchword "De-": ¶V begins—with the figures of the fistulae and further experiments on lightness and gravity.]





(printed p. 384 — within Chapter XVI. ¶V gives the third levity experiment (a submerged wooden cylinder rises with positive upward force). The Second Class of Experiments then opens, proving the accelerated descent of heavy bodies in air by sound (louder impacts from greater heights), by touch (the harder blow of a ball dropped from higher), and by sight (¶VII); the page carries the engraved figures of the levity-apparatus.)




[Header: BOOK IX. SECTION IV. — 384]

[Translator's note — three engraved figures accompany this and the preceding paragraphs: Fig. 1, the glass fistula with water (closed top A, air-space M, air-bubble C); Fig. 2, the fistula with oil and water (top D, oil-band L, air-bubbles K, I, O, G); Fig. 3, the cylindrical vessel of ¶V (the floating wooden cylinder, a hand S holding the rod, the vessel ZNVO).]



[V.] Finally, let a cylindrical vessel ONPQ be made, whose bottom OP is parallel to the horizon, and on the bottom set a wooden cylinder TOPX—but such that it floats in water; [press that wood down with a rod SR, so that the whole of it is immersed in the water; and when, the hand releasing it, it is let go, you will see the wood rise swiftly toward the top, occupying the place of the water—which yields to it]. But what will the adversaries say if in the bottom of the vessel there were a wide hole Y (narrower, however, than the cylinder, and closed) which were opened at the same moment in which the hand raises the rod RS? Certainly the water would flow out downward, and yet that cylindrical wood would tend upward. Let them acknowledge, therefore, in that wood a levity—some [force] which, by producing impetus upward, by nature moves and drives the water prior [to its descent], and is the cause why the water (a fluid body) so yields to it that it [the water] enters into its place, lest a vacuum be given; and that [the water] does not exercise gravity in act, but the upper parts of the water are impelled by the wooden cylinder, and yield place to it by departing to the sides, that they may fill the place of those parts which from below enter into the place of the cylinder.

The Second Class of Experiments, for the Unequal motion of Heavy bodies descending in Air more and more swiftly, the nearer they approach to the terminus toward which they tend


[Margin: 1st Experiment, from sound and hearing.]



[VI.] The First Experiment is taken from sound. For let fall, from a height of 10 feet, a globe—of wood, or of bone, or of metal—into a basin placed beneath, and attend to the ring [tinnitus] arising from the percussion. Then let that same globe fall from a height of 20 feet, or two perches; for you will feel [hear] a far greater and more widely diffused sound. Afterward raise the basin to a height of 10 feet, and into it let the same globe fall from a height of 10 feet; for you will feel a ring similar to the first. Therefore that globe, in the second case, acquired a greater impetus from the fall from the greater altitude than from the lesser in the first and third cases; and in the second half of the downward journey it acquired more impetus than in the first half; and accordingly it was moved downward with unequal velocity—and so unequal that it descended faster, in the second case, through the 10 latter than through the 10 prior feet. Since by perpetual experiments it is manifest that a greater impetus is followed by a swifter motion of the movable. But if you wish a more domestic experiment: pour water into a cup from a vessel distant two or three fingers from the cup—you will feel no noise; raise the vessel to two or three feet, and you will feel a noise from the falling water. Hence those who dwelt at the cataracts, or waterfalls, of the Nile are said by Cicero (in the Dream of Scipio) to have become deaf, on account of the crash of the waters rushing down precipitously from on high.


[Margin: 2nd Experiment, estimable by touch itself.]



The Second [experiment] is taken from percussion, perceptible by touch itself. Place your hand under a tennis-ball while it is let fall by another from a height of 10 feet—you will experience a very light percussion; but if it be let fall from a height of 50 feet or more, you will feel your hand struck not without some pain. It conceived, therefore, a greater impetus from the higher fall. Which greater impetus, as I was saying, the wretched Aeschylus felt from the tortoise cast down from on high by the Eagle onto his head—and the brute bird itself foresaw [it], doubting nothing of the future success. Elpenor felt [it], fallen from a tower; whence that Ovidian comparison (bk. 1 of the Tristia):


"He who falls on the level (yet this scarcely happens itself) / so falls that, the ground being touched, he can rise again. / But the wretched Elpenor, slipped from a high roof, / met his King, a lamentable shade."



And hence that adage, and most well-known warning of the Poet:


"…They are raised on high / that they may rush down with a heavier fall…"



Finally, do not those who run down from some slope conceive so much impetus that, however much they wish, they cannot afterward check the course which at the beginning they could most easily have checked?


[Margin: 3rd Experiment, from percussion, estimable by the eyes.]



[VII.] The Third Experiment is taken from the greater percussion of [bodies] falling from on high, but estimable by the eyes. For a clay globe, which—let fall from a small height—is not itself broken, or cannot break an egg-shell or a nut-shell placed perpendicularly beneath it, or raise a weight placed on a wooden balance, or penetrate a palm's depth of water—if it be let fall from a higher place, at length accomplishes all those: for it breaks, and is broken, and raises that weight. So a wooden globe, or a tennis-ball, falling from a low height into a cistern, or a great vessel full of water, is submerged a few fingers below the water; but if it fall from a very lofty place, it penetrates many feet below the water, and sometimes even to the bottom. And by other innumerable experiments of this kind it becomes evident that a heavy body, naturally falling from a higher place, has acquired more and more impetus at the end of [its] motion.


[…continues on p. 385 (PDF 420) with the catchword "Quar-": ¶—the fourth experiment (the rebound of a tennis-ball), then the great measured free-fall experiment from the tower of the Asinelli.]





(printed p. 385 — within Chapter XVI, the climax of the free-fall experiments. After a rebound experiment, ¶VIII describes the great measured trials at Bologna (1640): clay balls dropped from the city's towers, above all the Asinelli, timed by a tiny pendulum calibrated against stellar transits, with Grimaldi and Cassiani assisting. ¶X gives the measured fall-distances — 10, 40, 90, 160, 250 ft in 5, 10, 15, 20, 25 vibrations — confirming that distances grow as the squares of the times. Includes the engraved Asinelli-tower figure.)




[Header: ON THE SYSTEM OF THE MOVED EARTH — 385]

[Margin: 4th Experiment, from the rebound of a tennis-ball.]



[The Fourth experiment] is taken from the rebound, or recoil, of a tennis-ball into the air. For a leathery ball of this kind, very hard and no bigger than an egg-yolk, we ordered to be let fall (so that it might strike the ground at a more acute angle) from a height of 37 feet onto a stone-paved floor, and it rebounded up to 7½ feet; but when it was let fall from a height of 73 feet, it rebounded to 11¼ feet. Another tennis-ball, however—larger, and striking the floor at a more obtuse angle—let fall from a height of 37 feet, rebounded to nearly 6 feet; [and] let fall from a height of 73 feet, rebounded to 7½ feet. But I seem to myself to be playing, as long as I do not proceed to nobler experiments, and [ones] most evidently demonstrating not only the inequality in the motion of heavy bodies, but also the increment of their velocity, uniformly-difformly augmented toward the end of the motion.


[Margin: 5th Experiment. — A Pendulum applied to the most subtle measure of times.]



[VIII.] The Fifth Experiment, therefore—taken by us very often—was the measurement of the space which some heavy [body] completes by natural descent in equal times. I had indeed attempted this at Ferrara, with Fr. Cabeo, in the Year 1634; but [it was] from a tower of our church not exceeding a hundred feet, and with a Pendulum whose exact times [in relation to] the Prime Mobile I did not yet know. But when I was at Bologna in the Year 1640, and had now examined Pendulums of diverse length by the transit of the Fixed [stars] through the middle of the heaven, I selected, for this experiment, that smallest [pendulum]—which, from the apex of [its] motion to the center of the little ball, has a length of one ounce [inch] and yet fifteen hundredths of an ounce-particle of the ancient Roman foot, and which (as I showed and set forth in bk. 2, ch. 21) is, by a single simple vibration, equated to 10‴ [thirds]; by the thirds [third-scruples] of the Prime Mobile, and by six vibrations, it most exactly equals one Second [scruple]; and so one of its simple vibrations is most nearly equal to that time which Musicians are wont to designate by the note of a semichroma [semiquaver], if the raising and depressing of the hand of the choir-master, or conductor moderating the voices, be done in the ordinary manner.

But because the oscillations, or vibrations, of so short a Pendulum are most swift and most frequent, and I judged that not even the error of one was to be admitted (lest any confusion and fallacy in numbering thrust itself upon the eye), after each decade of vibrations—marked by the raised finger of the hand, now closed—we were wont to begin the numeration again from unity, and (the nomenclature of the numbers which are below a decade being contracted) most expeditiously to pronounce one after another; of which kind are these Italian words, but as here at Bologna they are commonly pronounced more briefly: "Vn, dù, tri, quatr, cinq, sei, sett, ott, nou, dies" [one, two, three, four, five, six, seven, eight, nine, ten]. To which if you subjoin the musical semichromata (as I said), and follow the ordinary measure of musical beating, you will have a specimen most near to the times which one simple vibration of this our Pendulum measures.

To this numeration, moreover, we accustomed others also—especially the Fathers Francesco Maria Grimaldi and Giorgio Cassiani—whom I used very much in the experiment soon to be set forth. And truly it is marvelous to tell that, although those [Fathers] and I used two such Pendulums (they indeed stationed on the cornice of the Tower of the Asinelli, I on the pavement of the platform beneath), and although each of us had separately marked his own vibrations on a sheet—[those vibrations] by which the heavy [body] descended thence to the pavement—yet, with repeated experiments, there was never a difference between us of one whole little-vibration. Which I know will scarcely be believed by some; and yet I testify that it was most truly so, and the aforesaid Fathers of our Society will always attest [it]. Thus far concerning the Pendulum and the measure of times.


[Margin: The height of the Bolognese towers.]



After these [preparations] we prepared a very large basket full of clay globes, each of which weighed eight ounces; and for the shorter intervals we used the windows of our College, but for the higher [intervals] diverse towers—not indeed whole [towers], but the windows or little windows of them: namely, the tower of St. Francis, which is 150 Roman feet high; and of St. James [S. Giacomo], which [is] 189 feet; and of St. Petronius, which [is] 200 feet; and of St. Peter, which [is] 208 feet; but especially and more frequently the tower of the Asinelli, which is 312 feet high in all, but from the cornice to the base, or platform, only 280 feet. Which, because it is most convenient for experiments of this kind—just as if it had been constructed for this end—it pleases [me] to set before the eyes [in a figure].


[Margin: Description of the Tower of the Asinelli.]



[IX.] Let, in the following diagram, the thicker trunk of the Tower be IBCD, upon a nearly cubic base VYZX (much thicker than the trunk of the tower [is]), from which base projects the platform YZH—fenced about with broader stone railings, so that at least six men at once can safely walk around the tower along it, in the same row, between the railings and the tower. But above projects the cornice BC, fenced about with beaked stone railings, so that from the railings G, Φ, O—as from windows—any man of ordinary stature can safely look down, and, by a plumb-line let down thence to the pavement of the platform ID, measure (as we did more than once) the altitude GI, which (as I said) we found [to be] 280 ancient Roman feet. The rest [of the height] we measured, both with measuring-rods and also the whole [height] by Altimetry, with Fr. Grimaldi.


[Margin: The convenience of the Asinelli Tower for these experiments.]



This Tower, therefore, has the greatest conveniences for that business; for the globes let fall from the windows G, Φ, O fall perpendicularly onto the pavement ID, neither striking the foot of the tower, nor falling outside the railings YZ. Then there is no need to forbid anyone from passing through the square spread around its base while the globes are let fall from the cornice, but they can be let fall again and again without any danger to anyone. It has, besides, certain iron bands around F and T, with iron clasps binding the opposite walls together, which we used as the termini for measuring the residual interval to be completed by the globe when it had arrived at T, or at F. Moreover, the line NH supplies the place of the other towers and altitudes which we used.


[Translator's note — engraved figure of the Tower of the Asinelli: the tall brick shaft on its cubic base VYZX, the platform YZH (pavement points I, D) with railings, the cornice BC with the windows G, Φ, O and the weathervane-topped dome; iron-band points R, S (and F, T); a door in the base. Down the right side runs the vertical fall-line with the lettered marks H (the pavement, with β just above it), K, L, M, and N, marking the fall-heights tabulated below.]



[X.] In the Year 1640, therefore, in the month of May—and afterward at other times—we inquired [for] the altitude Hβ, such [a height] that a clay globe of eight ounces, let fall, would strike the pavement after exactly, precisely, five vibrations of the aforesaid pendulum, or in the time of 50 thirds; and we found it to be 10 Roman feet, the experiment being often repeated. Then we inquired the altitude necessary for the descent of another globe of the same kind and weight, in double the time, or ten vibrations; and we found it to be 40 feet, which interval KH designates. Hence, ascending higher, we inquired the altitude due to a triple-longer time, or exactly 15 vibrations, for the descent of such a globe, and we detected LH [to be] 90 feet. So, for a time of 20 vibrations, we found the altitude MH [to be] 160 feet; and for 25 vibrations, NH [to be] 250 feet. Finally, because we could not climb to so great an altitude as 30 vibrations require, the [globe] was nevertheless let fall…

The measured fall-heights confirm the law that the spaces are as the squares of the times (10 · n²):




	Time (pendulum vibrations)
	Fall-height (Roman feet)
	Tower mark





	5 (= 50 thirds)
	10
	Hβ



	10
	40
	KH



	15
	90
	LH



	20
	160
	MH



	25
	250
	NH






[…continues on p. 386 (PDF 421) with the catchword "tamen": "…was nevertheless [let fall to test the 30-vibration interval]"—the rest of the free-fall data and the conclusions drawn from it.]





(printed p. 386 — within Chapter XVI. ¶X closes the Asinelli-tower measurement: the successive equal-time intervals cover 10, 30, 50, 70, 90 ft — the odd-number ratio — so the fall is uniformly accelerated. The Third Class of Experiments (¶XI) recounts Riccioli's earlier pendulum work, his reading of Galileo's banned Dialogo, and his 1640 trials that confirmed Galileo's law; he brings the result to the delighted Cavalieri. ¶XII states the law mathematically: the spaces are as the squares of the times.)




[Header: BOOK IX. SECTION IV. — 386]



[the globe was] nevertheless often [let fall] from the cornice of the Asinelli tower—namely from G to I, an interval of 280 feet—and it struck the pavement when both I (at I) and the Fathers Grimaldi and Cassiani (at G), standing, counted 26 vibrations, as appeared when the sheets were mutually communicated. Let us now imagine the intervals of the line NH transferred to the intervals of the line OT; and [let] the interval of the first five vibrations, or of the first time, traversed by the globe, be OC—for it will be 10 feet, as much namely as βH was; but the interval of the second time, OQ, will be equal to KH, 40 feet; and of the third time, OR, equal to LH, 90 feet; and of the fourth time, OS, equal to the space MH, 160 feet. Finally, the whole interval OT of the fifth time, comprehended in 25 vibrations, will be equal to the whole NH, 250 feet. Note, however, that here, for T, we take some sign on the face of the tower between S and the pavement.


[Margin: The increment of the velocity of heavy bodies.]



Therefore the aforesaid globe descended more and more swiftly, the farther it receded from O and the nearer it approached to D; and, the single intervals being separated (each corresponding to the measures of the equal times), in the first time it completed OC, 10 feet; in the second, CQ, 30 feet; in the third, QR, 50 feet; in the fourth, RS, 70 feet; and in the fifth, ST, 90 feet—which numbers, taken together, make 250. Which increment is notable and worthy of note, and to be confirmed by the following experiment. For here we only inquire whether Heavy bodies, naturally gliding down through the air along a straight line perpendicular to the horizon, descend uniformly, or rather difformly-uniformly [with uniform acceleration]; and whether with a decrement, or rather with an increment, of velocity.

The Third Class of Experiments, for the Proportion of the Increment of the velocity of Heavy bodies descending through the Air


[Margin: The Proportion of the Increment of velocity asserted by Galileo.]



[XI.] Although in the Year 1629—when I first began (with Fr. Daniele Bartoli, and Lord Alfonso Iseo, a distinguished Geometer), on another occasion, to examine two pendulums of the same length and weight let fall together from the same terminus, [to see] whether each always proceeded with equal pace through its arc—[I came] to notice that the oscillations of the same pendulum are all, among themselves, sensibly equal in time, or synchronous; and although afterward, at Ferrara in the Year 1634, with Fr. Cabeo, I most certainly detected this very thing—I had not yet understood or known the proportion of the increment of the velocity of Heavy bodies handed down by Galileo (dialogue 2 On the System of the World), and asserted to be according to the odd numbers begun from unity. Nay, then, from my cruder experiments, I had suspected it to be continually triple, namely according to these numbers 1, 3, 9, 27. But afterward, the faculty being granted to me of reading those dialogues which the Sacred Congregation of the Index had forbidden, marked with censures, I found in them (Italian p. 217, Latin p. 163) that the aforesaid increment was detected by him, from experiments, to be according to the odd numbers countable from unity—namely as 1, 3, 5, 7, 9, 11, etc. Yet I suspected that something of fallacy lurked in his experiments, because in the same dialogue 2 (Italian p. 219, Latin p. 164) he asserts that an iron globe of a hundred pounds, let fall from a height of a hundred cubits, reached the earth in five Seconds of time; since [for] me a clay globe of 8 ounces descended from a much greater altitude—namely from GI, 280 feet, which make 187 cubits—in precisely 26 vibrations of my pendulum, which make a time of 4 Seconds and 20 Thirds of the Prime Mobile [sidereal time]. And I was certain that in my numeration of time there had been no sensible error; and the error of Galileo—which lurked in a time not exact to the time of the Prime Mobile and the transit of the Fixed [stars] through the middle of the heaven—I transferred to the intervals completed in the descent of that globe. But I also scarcely believed that he could have used an iron globe of so great a weight, especially since he did not even name the tower from which he had ordered it to be let fall. And so, full of this suspicion, I began (as I said), already from the Year 1640, the measurement of this increment with all subtlety, hoping that I might find some other [proportion], perhaps nearer to mine. But in truth I detected that it was rather true, as Galileo had asserted.


[Margin: 1st Experiment. — 2nd Experiment. — The same proportion confirmed by us.]



For, from what was said in the preceding experiment set forth at number 10, I recognized that increment to have been according to the proportion of feet 10, 30, 50, 70, 90—which is just as if it were expressed in the smallest numbers 1, 3, 5, 7, 9. But not yet fully acquiescing in that [result], the time being changed and 6 vibrations of the pendulum being assumed (which make one whole Second of the prime mobile), I inquired, with Fr. Grimaldi, the altitude due to them such that a clay globe of 8 ounces, let fall, would reach the pavement; and I found βH, 15 feet; then at the end of the second Second, or precisely 12 vibrations, I obtained the altitude KH, 60 feet; and at the end of 18 vibrations, that is the third Second, LH was 135 feet; but at the end of 24 vibrations, that is the fourth Second, MH was 240 feet. But 280 feet, in the Tower of the Asinelli, a similar globe traversed again and more often in 26 vibrations, that is 4 Seconds and 20 Thirds. For although, in greater distances, one or another foot, taken beyond or short, does not bring a difference of one whole vibration, yet I detected that the aforesaid number of vibrations most exactly corresponds to the aforesaid intervals. Wherefore, by this experiment likewise—separating the intervals severally due to equal times—I was certain that this proportion was preserved in the feet 15, 45, 75, 105, which is wholly such as [is] among the numbers 1, 3, 5, 7. For as 1 to 3, so 15 to 45, etc. And I found the same by some other experiments, which for brevity's sake (and because they are involved with fractional numbers) I here omit; yet I shall set forth some third [experiment] in the following table.


[Margin: 3rd Experiment.]



Therefore I betook myself, with Fr. Grimaldi, to Fr. Bonaventura Cavalieri—the foremost Professor of Mathematics in the University of Bologna, and once a pupil of Galileo—and narrated to him the agreement of my experiments with the experiments of Galileo, as to this proportion at least; for he, fixed to his couch or little chair by gout in the hands and feet at once, could not be present at them. But it is incredible to tell how greatly he was exhilarated by this our attestation.


[Margin: The proportion of the spaces completed by Heavy bodies in descent.]



[XII.] Those not ignorant of Geometry now recognize that the spaces completed in equal compounded times by such heavy bodies, naturally descending, are to one another in the doubled ratio of their times—or have to one another as the squares of the compounded times. Which very thing Galileo gathers (in that dialogue 2, the same page 217, or 163). For in the first experiment, the vibrations were, in order, these: 5, 10, 15, 20, 25, whose square numbers (that is, born from the multiplication of the same number into itself) are 25, 100, 225, 400, 625; but the spaces completed were, in order, feet 10, 40, 90, 160, 250. Now as 25 to 100, so 10 to 40; and as 100 to 225, so 40 to 90; and as 225 to 400, so 90 to 160; and finally, as 400 to 625, so 160 to 250. So in the 2nd experiment, the order of vibrations was 6, 12, 18, 24, 26, whose squares are 36, 144, 324, 576, 676; but the intervals traversed and compounded were, in order, feet 15, 60, 135, 240, 280. And as 36 to 144, so 15 to 60; and as 144 to 324, so 60 to 135; and again, as 324 to 576, so 135 to 240; and finally, as 576 to 676, so 240 to 280. Therefore the aforesaid spaces are to one another as the squares of the vibrations, or of the times. For ease's sake, however, those equal times can be reduced to the smallest numbers, so that the first time is worth 1, the second 2, the third 3, the fourth 4, and the fifth 5; and accordingly these squares 1, 4, 9, 16, 25 can be applied to examine the said proportion continually.

In the third experiment, however (which you have expressed in the table soon to be exhibited), they ought to have been 288 feet, that the aforesaid proportion might be exactly preserved; but it was not permitted us conveniently to test it, except from a height of 280 feet. It pleases [me], moreover, to gather what we have hitherto said for so beautiful a proportion, and its foundations, into one table, and to propose [them] to the Reader, to be tasted in a brief synopsis. Yet I add that this proportion (as I once hoped) was not found by us in the weight liftable by a falling globe, although it inclines toward this proportion; for if a globe falling from a height of one foot lifts a one-ounce weight, it will not lift a double weight from a height of 4 feet, or a quadruple weight from a height of 9 feet, etc. See below, the 12th class of Experiments.


[…continues on p. 387 (PDF 422) with the catchword "Ordo": the synopsis table of the free-fall experiments, then the Fourth Class (the unequal descent of two bodies of diverse weight).]





(printed p. 387 — within Chapter XVI. The page opens with the synopsis table of Riccioli's three free-fall experiments, confirming the squares-of-times and odd-number laws. The Fourth Class of Experiments (¶XIII) then begins, on the unequal descent of two bodies of diverse weight from the same altitude: paired drops from 280 ft found the heavier ball always faster, repeated twelve times, with a table of six such paired drops.)
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Synopsis table of the descent-experiments (pendulum: 1²⁰⁄₁₀₀-inch length; the "simple vibrations," the prime-mobile time in Seconds ″ and Thirds ‴, the square of the vibration-count, the space the 8-oz clay globe completes by the end of the time, the space completed in each separate time, and the minimal-number proportion of the velocity-increment):




	Exp.
	Vibrations
	Time (″ ‴)
	Square
	Cumulative space (Rom. ft)
	Space per interval (Rom. ft)
	Ratio (min. no.)





	I
	5
	0″ 50‴
	25
	10
	10
	1



	
	10
	1″ 40‴
	100
	40
	30
	3



	
	15
	2″ 30‴
	225
	90
	50
	5



	
	20
	3″ 20‴
	400
	160
	70
	7



	
	25
	4″ 10‴
	625
	250
	90
	9



	II
	6
	1″ 0‴
	36
	15
	15
	1



	
	12
	2″ 0‴
	144
	60
	45
	3



	
	18
	3″ 0‴
	324
	135
	75
	5



	
	24
	4″ 0‴
	576
	240
	105
	7



	
	26
	4″ 20‴
	676
	280
	40
	8​¹⁄₆



	III
	6½
	1″ 5‴
	42
	18
	18
	1



	
	13
	2″ 10‴
	169
	72
	54
	3



	
	19½
	3″ 15‴
	381
	162
	90
	5



	
	26
	4″ 20‴
	676
	280
	118
	6​⁷⁄₁₂₆





(The final row of experiments II and III is the full 280-ft Asinelli-tower drop at 26 vibrations, which does not complete an even last interval; hence those last per-interval and ratio figures break the regular 1, 3, 5, 7, 9 sequence. The square-number column equals the cumulative-feet column up to a constant factor — confirming that distance ∝ time².)

The Fourth Class of Experiments, for the Unequal Descent of Two Heavy bodies of diverse weight from the same altitude through the Air


[Margin: 1st Experiment.]



[XIII.] This experiment is very fallacious unless it be carried out with great diligence and circumspection, and unless the conclusions be prudently drawn from it, all the things being considered which can concur to incite or retard the motion. For the best comparison of all, and one to remove every doubt, would be if, from the same altitude and at the same moment of time, two globes of the same bulk and the same kind, yet of diverse weight, were let fall: namely, we could [take] two clay or metallic globes, of which one were a palm in diameter and weighed one pound, the other of two palms' diameter and weighed eight pounds. The palpable drawback in that experiment is that a clay globe [of such size]… [the lighter] descends to the earth in whatever altitude in the same physical moment of time. But they at once laid this opinion aside. For a clay globe, lighter—namely of 10 ounces—let fall from G at the same moment in which another clay globe of the same bulk, but of 20 ounces, was let fall from O, appeared still at F, distant from the pavement I at least 15 feet, at the moment in which the heavier had struck the same pavement at D, and had already burst into six hundred fragments. And although, even before the arrival of each at the pavement, the [globe] now manifestly lighter—which, for the sake of distinction, by agreement Fr. Grimaldi always let fall with his left hand—appeared, greatly separated from the heavier, a little below the middle of the tower. But also, the time being numbered by aid of the pendulum, the heavier descended in exactly 23 vibrations, that is 3 Seconds and 30 Thirds; but the lighter in 26 vibrations, namely 4 Seconds and 20 Thirds, of the prime mobile. And this experiment, repeated twelve times, always had a similar result.

Since, therefore, the difference was easier to observe, and greater, in the interval-difference FI than in the time-difference, it seemed advisable, in the descent of the other globes, to attend rather to the residual interval of the slower-descending [globe] than to the time-difference. But what succeeded for us, the following table will teach more briefly and clearly—in which the earlier experiments regard two globes of the same bulk, the later ones globes of diverse bulk:

Globes let fall at the same moment from a height of 280 feet:




	Exp.
	The two globes (same size)
	Weight (oz · dr)
	Faster globe
	Slower's height above pavement when faster landed (ft)





	1
	hollow clay / solid clay
	10 · 0 / 20 · 0
	the heavier
	15



	2
	hollow clay / solid clay
	20 · 0 / 45 · 0
	the heavier
	16



	3
	clay / wooden
	9 · 0 / 2 · 4
	the heavier
	20



	4
	clay / waxen
	20 · 0 / 15 · 0
	the heavier
	12



	5
	wooden / waxen
	4 · 6 / 6 · 7
	the heavier
	15



	6
	waxen / iron
	1 · 5 / 11 · 7
	the heavier
	30





(The 1st experiment was repeated twelve times, the 2nd twice. In every paired drop the heavier globe reached the pavement first; the column at right gives how far above the pavement the slower globe still was at that instant.)


[…continues on p. 388 (PDF 423) with the catchword "Al-": the further unequal-descent trials and the conclusions Riccioli draws about the role of weight and air-resistance in fall.]





(printed p. 388 — within Chapter XVI, the Fourth Class continues. A further table of paired drops of unequal-sized globes shows that air-resistance, not weight alone, governs the outcome, since in some pairs the denser-though-lighter ball wins. ¶XIV draws five corollaries distinguishing density from absolute weight, Riccioli insisting it is "better to report the experiments faithfully than to trim them.")
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The other part of the preceding Table

Globes let fall at the same moment from a height of 280 feet (of unequal size):




	Exp.
	The two globes
	Weight (oz · dr)
	Faster globe
	Slower's height above pavement (ft)





	7
	clay / clay
	5 · 0 / 4 · 0
	the heavier
	5



	8
	clay / clay
	21 · 4 / 11 · 4
	the heavier
	12



	9
	clay / clay
	27 · 3 / 14 · 1
	the heavier
	15



	10
	clay / waxen
	18 · 7 / 1 · 0
	the heavier
	35



	11
	clay / leaden
	2 · 0 / 2 · 4
	the heavier
	25



	12
	leaden / wooden
	2 · 4 / 2 · 4
	the leaden
	40



	13
	clay / clay
	7 · 0 / 62 · 0
	the heavier
	10



	14
	clay / clay
	10 · 4 / 23 · 0
	the heavier
	13



	15
	clay / clay
	53 · 0 / 6 · 4
	the heavier
	8



	16
	clay / clay
	53 · 0 / 7 · 1
	the heavier
	9



	17
	walnut-wood / beech-wood
	2 · 1 / 4 · 7
	the walnut
	2



	18
	clay / leaden
	11 · 0 / 1 · 7
	the leaden
	1



	19
	clay / leaden
	33 · 0 / 1 · 0
	the clay
	2



	20
	clay / leaden
	38 · 0 / 1 · 0
	the clay
	3



	21
	leaden / leaden
	1 · 0 / 0 · 4
	the heavier
	5





(In experiment 12 the two weights are equal but the leaden ball — denser and smaller — wins; in 17 and 18 the lighter walnut and the tiny lead ball beat the heavier clay, because their density gives them less air-resistance.)

Corollaries from the preceding Table

[XIV.] I suppose here that "heavier in species" is that which, in an equal bulk naturally suited to it, is of greater weight—as lead is said to be heavier than wax, because if two palm-sized globes were weighed, one of lead, the other of wax, the leaden one will weigh more pounds or ounces or drachms, etc., than the waxen. But "heavier in the individual" is that which is of greater weight absolutely—whether it be of the same species or of a diverse [species] with respect to the other—as a waxen globe of a hundred pounds is said to be heavier than a leaden globe of one ounce. Hence arise five useful combinations.

For some are equally heavy in species and in individual, as are two leaden spheres, each of one pound, and these are naturally of the same bulk; for nothing forbids that, supernaturally or preternaturally, one of them, rarefied, should turn out of greater bulk. But some are equally heavy in species, but not in individual; as are two leaden globes, of which one weighs one pound, the other two pounds; and among these, if they be solid, that which is heavier in the individual is also greater [in bulk]—granted that by supernatural or preternatural condensation it could turn out equal to or less than the other; but if one of them be hollow inside, or full of air or of a lighter body, it can—though lighter in the individual—equal the bulk of the other. Again, some are equally heavy in individual, but not in species, of which kind are a leaden globe and a waxen globe, each of one pound, and naturally that which is lighter in species (the wax) is the larger—granted that it could be supernaturally or preternaturally condensed so as not to be larger than the other. Again, some are heavier than others, either in species and individual (as if a leaden globe be of 10 pounds and a waxen of one, and they can be equal in bulk to the others, or less, or greater). But some are heavier in species, yet lighter in individual—as a little leaden globe of one ounce is denser than a waxen globe of a hundred pounds, and these are naturally smaller than the others. In this combination, by the correlative term, is contained the combination of heavier-in-individual but lighter-in-species. For if lead of one ounce, heavier as to species, is lighter in the individual than wax of a hundred pounds, conversely wax of a hundred pounds is heavier in the individual, but lighter in species, than lead of one ounce. These being laid down, the corollaries written below follow from the preceding table.


[Margin: 1st Corollary.]



First, two spheres equally heavy in species and in individual naturally descend equally swiftly through the same medium (understand always, if they be let fall together from the same altitude); for they are of equal bulk, and so all things are equal. If, however, supernaturally or preternaturally one of them turned out larger by rarefaction or smaller by condensation, the smaller would descend faster, because the angle of contact (the interior one) by which it would strike the plane of the air beneath would be more acute.


[Margin: 2nd Corollary.]



Secondly, of two spheres equally heavy in species but not in individual, that one naturally descends faster through the air which is heavier in the individual—whether they be of equal bulk (because one of them is hollow inside, as appears from experiment 1, repeated twelve times, and experiment 2), or of diverse bulk (as appears from experiments 7, 8, 9, 13, 14, 15, 16, 21). Of which there are some in which I would believe the proportion in velocity was not preserved with the excess in individual weight, similar to that which appeared in others—either on account of an excessive excess of magnitude, which would make an obtuse angle, or because the globes were not everywhere perfectly rounded. But it is better to report the experiments faithfully than to trim them by limiting.


[Margin: 3rd Corollary.]



Thirdly, of two spheres equally heavy in the individual but not in species, that one naturally descends faster through the air which is heavier in species. Which is established by experiment 12. And the reason is that, naturally, that which is heavier in species is of less bulk than the other equally heavy in the individual; wherefore it surpasses it not only by specific gravity, but also by the acuteness of the figure, or angle of contact, arising from the smallness of the sphere—besides that, in our case, wood is more porous than lead, and, on account of the levity of the air or vapors lurking within the pores, less apt for gravitating.


[Margin: 4th Corollary.]



Fourthly, of two spheres, of which one is heavier both in species and in the individual, that one naturally descends faster through the air which is heavier—whether it be larger than the other (as appeared from experiment 10), or equal to it (as was established from experiments 3, 4, 5, 6), or even smaller (as we saw from experiment 11).


[Margin: 5th Corollary.]



Fifthly, of two spheres, of which one is heavier in species but not in the individual, that which is heavier in species can (naturally speaking) descend faster through the air; it can also [descend] equally fast; it can also [descend] slower. An example of the first case we had in experiments 12, 17, and 18; but an example of the third case in experiments 19 and 20. But of the second and third we have a sufficient argument by comparing experiment 8 with 18. For in each, the clay globe was of 11 ounces (the drachms being meanwhile neglected); but the clay globe of 11 ounces, let fall with the clay globe of 21 ounces (experiment 8), was so much slower that it was 12 feet from the pavement when the clay globe of 21 ounces struck it; whereas the clay globe likewise of 11 ounces, let fall (experiment 18) with a leaden globe of nearly 2 ounces, was not slower except by as much as the interval of one foot designates. Therefore, if the clay globe of 21 ounces had been let fall with the leaden globe of nearly 2 ounces, it would have left the leaden behind it by an interval of 11 feet—or at least of more than one—and would have turned out faster in


[…continues on p. 389 (PDF 424) with the catchword "descen[su]": "…in [its] descent"—the close of the corollaries, then the experiments on descent through water.]





(printed p. 389 — within Chapter XVI. The sixth corollary gives Riccioli's conclusion: simply speaking, heavier bodies descend faster, at least in our air. The inquiry then moves to water: the Fifth Class of Experiments (¶XV) times globes falling through water-filled glass tubes, finding acceleration there too, and the Sixth Class (¶XVI) finds the data approaching the same squares-of-times proportion as in air.)
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[and would have turned out faster in its] descent; since therefore, the individual gravity being increased, it [the clay] would have turned from slower to faster, surely the individual gravity of the clay could have been increased by [added] gravity so little that it would descend equally fast with the lead. I said "at least of more than one [foot]," for experiments 19 and 20 move me—in which the leaden globule of one ounce, on account of [its] smallness, acquired more velocity than it lost (by reason of weight) from [comparison with] the heavier clay, although much greater; so that it was indeed slower than the clay, but a little slower; to which also contributed the more perfect roundness of the leaden [globes] than of the clay ones.


[Margin: 6th Corollary.]



Sixthly, of two spheres let fall together from the same altitude through the same air, that one which is in any way lighter never naturally descends faster, or equally fast; for [the faster] is either heavier in species and individual, or heavier in individual, or heavier in species. Wherefore, simply speaking, those which are heavier descend faster, naturally—in our air at least. But it rarely happens that they be of diverse weight, and the defect of individual gravity be compensated by the acuteness of smallness in bulk, so that they descend equally fast.

The Fifth Class of Experiments, for the Unequal [accelerated] descent of Heavy bodies through Water


[Margin: 1st Experiment.]



[XV.] Although by no means necessary, it is yet very useful—both for this argument which is in hand, and for the integrity of physical speculations—to explore whether, and by what proportion, the velocity of Heavy bodies naturally descending through water continually grows. First, therefore, we used two glass tubes, of which one was 3⅓ Roman feet high, the other 4 feet and 2 inches; and these being divided in two by a mark, and filled with water, and erected to the perpendicular, we let fall through them various globules. A leaden [globe] of 4 drachms and 10 grains absolved the first half of the [first] tube in nearly 5 little-vibrations of our smallest pendulum—that is, 50 Thirds—but the remaining half in two vibrations, that is 20 Thirds; wherefore it absolved the whole height of the tube in 7 vibrations, or one Second of the prime mobile and besides 10 Thirds. It was therefore far swifter at the end of the motion than at the beginning. A glass globule, too, whose weight was 15 wheat-grains, measured the whole tube in its descent in precisely 2 Seconds, that is 12 vibrations of the smallest pendulum—but the first half in 8 or 8½ vibrations, and the second in nearly 4. A bone globe, finally, weighing 2 drachms and 6 grains, descended through the whole tube in 10 vibrations, namely 1 Second and 40 Thirds; but the first half of the tube in 7 vibrations, namely 1 Second and 10 Thirds, and the second in 3 vibrations, or 30 Thirds. Altogether, therefore, the heavy [bodies] of these three kinds descended much more swiftly at the end than at the beginning of the motion. See the rest in the following table, which will be more confirmed by the table to be exhibited at number 17.

Time of descent through each half of the tube (the second half always swifter than the first — the body accelerates in water):




	Tube
	Globe
	Weight (dr · gr)
	1st half (″ ‴)
	2nd half (″ ‴)





	3⅓ ft
	leaden
	4 · 10
	0″ 50‴
	0″ 20‴



	
	leaden
	2 · 6
	1″ 10‴
	0″ 30‴



	
	glass
	0 · 15
	1″ 25‴
	0″ 40‴



	
	glass
	0 · 7½
	1″ 40‴
	0″ 50‴



	
	bone
	2 · 8
	1″ 10‴
	0″ 30‴



	
	bone
	0 · 10
	1″ 30‴
	0″ 40‴



	4⅙ ft
	leaden
	4 · 20
	0″ 50‴
	0″ 20‴



	
	leaden
	1 · 0
	1″ 20‴
	0″ 35‴



	
	ebony
	—
	—
	—



	
	ebony
	—
	—
	—





(The last two rows, of ebony, complete the table in the source. In every case the denser/heavier globe traverses the tube faster than the lighter, and every globe traverses the second half-tube in less time than the first — confirming that descent through water, too, is accelerated.)

The Sixth Class of Experiments, for the Increment of the Velocity of Heavy bodies descending through Water


[Margin: Examination of the experiments.]



[XVI.] First, from the experiments of the immediately preceding table one may sniff out the proportion which we are investigating; for it approaches closely to that which we found in Air and explained at numbers 11 and 12—namely, the proportion of the spaces with the squares of the times. For in Experiment 1, the leaden globe absolved the first half of the tube in 50 Thirds, and the second in 20 Thirds; the whole tube, therefore, in 70 Thirds. But as Space 1 is to a double-longer [space], that is to 2—or as the half is to the whole—so [is] the square of the first time, 50‴, [namely] 2500, to the square of the whole time, 70‴, [namely] 4900: most nearly; for 2500 is a little greater than the half of 4900. Again, in the 2nd Experiment, the leaden globe completed the first half in 70 Thirds, and the second in 30 Thirds; wherefore the whole time of the tube traversed was 100 Thirds. But as 1 to 2, so nearly is the square of the number 70, [namely] 4900, to the square of the number 100, [namely] 10,000; for 4900 is a little below 5000, namely the half of 10,000. In the 3rd Experiment, the whole time of descent of the larger glass [globe] was 125 Thirds, and the time of the first half of the space was 85 Thirds (for we resolved [the Seconds into Thirds]); whose square, 7225, compared to the square of 125, namely 15,625, is still much less than the half. And so, the rest being examined, the squares of the two times—of the first time for the half-space, and of the whole time for the whole space—are found to have been to each other nearly as 1 to 2; which the following table sets before the eyes.


[…continues on p. 390 (PDF 425) with the catchword "Expe-": the table of the water-descent experiments (the table promised "at number 17"), and the further analysis of descent through water.]





(printed p. 390 — within Chapter XVI, the descent-through-water experiments. A table confirms the squares-of-times law in water; ¶XVII tests it further with three tubes whose heights are as 1:4:9 and with a well and cistern, and ¶XVIII finds the law confirmed — heavy bodies in water have the same velocity-increment as in air, at least for bodies denser than ivory. The Seventh Class (¶XIX) then begins: in water, even more evidently than in air, the heavier of two like globes descends faster.)
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Table (number 17) — the squares of the descent-times (for each tube-trial: the square of the first-half time, with its root, and the square of the whole time, with its root):




	Exp.
	(1st-half time)²
	root
	(whole time)²
	root





	I
	2500
	50‴
	4900
	70‴



	II
	4900
	70
	10,000
	100



	III
	7225
	85
	15,625
	125



	IV
	10,000
	100
	22,500
	150



	V
	4900
	70
	10,000
	100



	VI
	8100
	90
	16,900
	130



	VII
	2500
	50
	4900
	70



	VIII
	6400
	80
	13,225
	115



	IX
	84,100
	290
	168,100
	410



	X
	90,000
	300
	176,400
	420





The spaces completed in equal compounded times are to one another as the squares of the compounded times. [In each row the whole-time square is approximately double the first-half-time square — since the first half is half the space.]

[XVII.] But that we might investigate, by surer experiments, whether the aforesaid proportion was true and continuous, we used three tubes whose height preserved the order of the squares—so that the first was as 1, the second as 4, the third as 9; that is, the first of 18 inches, the second of 72 inches, the third of 162 inches—which is just as if we should say the first was 1½ feet, the second 6 feet, the third 13½ feet. [Such] that, if the time of completing the second space were double the time of the first, and the time of the third space (or tube) triple the time of the first tube traversed by the same globe (let fall through the aforesaid tubes full of water and perpendicularly erected), we should be certain of the aforesaid proportion. Moreover, because the aforesaid tubes were unsuited for globes of greater bulk on account of their narrowness—and in the descent, the water fluctuating and passing through narrowly, [the globes] struck alternately against the sides of the tubes—we used a well, whose water was 12 feet deep, and a cistern, whose water was exactly 3 feet deep; wherefore the water-height of the cistern was to the height of the well as 1 to 4, that is, as the square of unity to the square of the binary. [So] that in this way too it might be established for us whether the time of descent through the 12-foot well-water was double the time of descent of the same globe through the 3-foot cistern-water, as it ought to be if the increment of velocity were according to the squares of the times. But what succeeded for us will appear from select experiments faithfully exhibited in the following table.

Time of descent through water (in the three tubes) — depths 1½, 6, 13½ ft (= 1 : 4 : 9), weight in drachms · scruples · grains, time in Seconds ″ and Thirds ‴:




	#
	Globe
	Weight
	1½ ft
	6 ft
	13½ ft





	1
	ebony
	2 · 0 · 14
	3″ 0‴
	6″ 10‴
	9″ 20‴



	2
	ebony
	1 · 0 · 10
	4″ 20‴
	8″ 30‴
	12″ 50‴



	3
	holm-oak
	2 · 1 · 6
	1″ 10‴
	2″ 20‴
	4″ 0‴



	4
	holm-oak
	1 · 1 · 0
	1″ 20‴
	2″ 40‴
	4″ 10‴



	5
	cornel
	2 · 0 · 18
	1″ 10‴
	2″ 20‴
	4″ 10‴



	6
	cornel
	0 · 2 · 16
	1″ 30‴
	2″ 40‴
	4″ 20‴



	7
	clay
	8 · 0 · 0
	1″ 0‴
	2″ 0‴
	3″ 10‴



	8
	clay
	2 · 1 · 6
	1″ 40‴
	3″ 20‴
	5″ 0‴



	9
	lead
	4 · 0 · 10
	0″ 40‴
	1″ 20‴
	2″ 10‴



	10
	lead
	1 · 1 · 10
	1″ 10‴
	2″ 20‴
	3″ 40‴



	11
	ivory
	24 · 0 · 0
	1″ 0‴
	2″ 0‴
	—



	12
	bone
	0 · 2 · 10
	1″ 20‴
	2″ 40‴
	4″ 20‴



	13
	boxwood
	3 · 1 · 18
	4″ 40‴
	9″ 30‴
	15″ 10‴





(For depths in the ratio 1 : 4 : 9 the descent-times come out close to the ratio 1 : 2 : 3 — the ebony of row 1 (3″, 6″, 9″) being exact — confirming that depth ∝ time². The ivory's deepest trial is wanting in the source.)

Time of descent through water (well and cistern) — depths 3 ft and 12 ft (= 1 : 4), weight in pounds · ounces:




	Globe weight
	3 ft
	12 ft





	2 lb 1 oz
	0″ 50‴
	1″ 40‴



	1 lb 0 oz
	1″ 10‴
	2″ 20‴



	0 lb 3 oz
	1″ 40‴
	3″ 30‴





(For the depth-ratio 1 : 4 the times stand close to 1 : 2 — again confirming depth ∝ time².)

[XVIII.] Of the [experiments] which favor the aforesaid [proportion] exactly there are 8, 11, 14, 15; for the spaces completed in equal compounded times have to one another as the squares of the compounded times. Yet experiments 1, 2, 4, 6, 7, 9, 10, 12, 16 also most nearly support the same—when, by one or at most two vibrations of the pendulum (that is, 10 or 20 Thirds), they exceed or fall short of the desired measure of time. The rest exceed [it] by somewhat more. We, nevertheless, value more highly experiments 14 and 15, because the width of the well, and the most free descent of the globes, and the great force of being borne [downward] to overcome the resistance of the water, exhibited to us a more evident and more often repeated observation. Wherefore it seems more certain to us that Heavy bodies descending naturally even through water have the same increment of velocity which they have in air—if the corrected and select observations be regarded; speaking [that is] of bodies whose specific gravity to the gravity of water is such as is in iron and similar bodies, and is greater than the gravity of ivory.

The Seventh Class of Experiments, for the Unequal Descent through Water of Two Heavy bodies of diverse weight

[XIX.] Now from the Tables exhibited at numbers 15, 16, and 17, it appears that of two globes of the same species, that one which was heavier in the individual, and greater in bulk than the other, always descended faster from the same altitude to the same bottom of the water. For a leaden globe of 4 drachms and 10 grains traversed the first tube in 70 Thirds, which [tube] a leaden [globe] nearly half lighter—or of 2 drachms 6 grains—did not absolve except in 100 Thirds; and so of the other comparisons in the table of number 15. So in the table of number 17 you will see pairs of globes of the same species (or nearly the same) always to have so descended that the heavier descended faster—which was so evident in water that several of our [men] who were present, even the more exact numeration of time being neglected, but weighing the time of the fall by common estimation,


[…continues on p. 391 (PDF 426) with the catchword "pen[sitantes]": "…weighing [the time], would certainly discern that the lighter globe descended somewhat slower"—then the comparison of same-bulk globes, and the experiments on the ascent of light bodies through water.]





(printed p. 391 — within Chapter XVI. ¶XIX continues, comparing globes of the same bulk but different material in water, with a table showing the denser always descends faster. The Eighth Class (¶XX) then begins: light bodies rising through water also accelerate, demonstrated by tube experiments with an air-filled glass sphere and a 14-ft-well apparatus.)
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[several of our men, weighing the time of the fall by common estimation,] would certainly discern that the lighter globe descended somewhat slower. I said "nearly of the same species," for the ivory and bone were not of the same lowest species; but I did not have two boxwood globes which would descend below the water—for boxwood is rarely found which, if it be not knotty, descends to the bottom of the water.

But since hitherto we have compared globes of diverse bulk among themselves, let us also compare globes of the same bulk. When, on account of the space-difference (or the opacity of the tube), it was not permitted to attend [to the space], or on account of their narrowness it was not easy to let fall two globes at once, we used the difference of time—which, by the slowness of the motion through a denser medium (namely through water), was more evidently observable to us. Among globes of the same bulk, we made two pairs of nearly the same species—namely, one solid clay and the other hollow inside; the rest were of diverse species. The difference of time, therefore, was such as you see in the table soon following.

Time of descent of globes of the same bulk (weight in ounces · drachms · scruples · grains; time in Seconds ″ and Thirds ‴; through water of the depth shown):




	#
	The two globes
	Weights
	Times
	Depth (ft)





	1
	clay / boxwood
	1 · 0 · 0 · 0 / 0 · 3 · 1 · 18
	2″ 0‴ / 9″ 30‴
	6



	2
	lead / holm-oak
	0 · 4 · 0 · 10 / 0 · 1 · 1 · 0
	1″ 20‴ / 2″ 40‴
	6



	3
	iron / ivory
	12 · 0 · 0 · 0 / 3 · 0 · 0 · 0
	2″ 20‴ / 3″ 40‴
	12



	4
	stone / stone
	37 · 0 · 0 · 0 / 12 · 0 · 0 · 0
	3″ 20‴ / 4″ 0‴
	12



	5
	stone / iron
	12 · 0 · 0 · 0 / 25 · 0 · 0 · 0
	4″ 0‴ / 1″ 40‴
	12





The stone [globes], moreover, were of powder of baked brick, agglutinated, and therefore of far greater bulk than all the rest. (In every pair the denser/heavier globe reaches the bottom in the shorter time.)

The Eighth Class of Experiments, for the Unequal Ascent of Light bodies through Water, taken separately

[XX.] Now at numbers 3 and 4 we established positive Levity by experiments taken from air, and [now we establish it from water]. (12) But the cause why the air—which ought to have been faster—was nevertheless slower than the oil [in the earlier fistula experiment] was this: that the air alone, retaining its own rarity, ascended through the narrow channel of the fistula in such a way as to leave, for the water succeeding into its place all around it, a most thin path; wherefore, since the water had to be attenuated, it required little delays of time. But the oil F, impelled upward by the air E penetrating, decreased from its pristine bulk during the ascent—some part of it adhering to the air below, and flying up with the air; hence it came about that around the oil the path was wider for the water succeeding into its place, and not so much delay was necessary, since the water needed almost no attenuation. But, these rudiments of experiments (begun in too-narrow tubes) being dismissed, let us come to other, more certain [ones].


[Margin: 2nd Experiment.]



Secondly, therefore, we used tubes full of water, having a height of 4 or 6 feet, and—releasing from the bottom various globes lighter than water, and then releasing the same upward from the middle of the tube—we always detected that light [bodies] are moved faster toward the end of the motion. For example, a little glass sphere full of air inside, released from the middle of the tube, ascended upward through a height of 3 feet in the time of one Second and 20 Thirds; the same, released from the bottom of the tube, ascended through a height of 6 feet in the time of 2 Seconds and 10 Thirds. But if it were moved uniformly, it ought to have absolved the double space in a double-longer time, namely in 2 Seconds and 40 Thirds. Which I say of this [globe]; we experienced [the same] by very many other experiments of various globules lighter than water.

But because the narrowness of the Tubes did not permit so convenient an operation, it pleased [us] to recur to a well, whose water was 14 feet deep. We let down, therefore, to its bottom a pole composed of partial shafts clasped together, at whose lowest [end] was a cylindrical vessel with a lid that could be tipped back at the [right] moment by a pulling-cord; and in the vessel itself was enclosed a sphere lighter than water, which sphere the weight of the lid held within the vessel. [The lid being tipped, the light sphere ascends through the water—and again it traverses the first] half of the space in a longer time than the latter [half]. For example, a Beech sphere, ascending [through] the first half of the water—that is, the seven-foot [half]—traverses


[…continues on p. 392 (PDF 427) with the catchword "pertran[sit]": "…traverses [it in a longer time than the upper half]"—the rest of the ascent-through-water experiments and their analysis.]





(printed p. 392 — within Chapter XVI. ¶XX closes the Eighth Class (a beech sphere's accelerating ascent through water). The Ninth Class (¶XXI) finds the increment of ascent-velocity inconstant and smaller than in falling, because the buoyancy-excess of water over a light body is far less than the weight-excess of metal over water. The Tenth Class (¶XXII) shows that of two light bodies the lighter ascends faster, and the Eleventh Class (¶XXIII) opens the inclined-plane experiments with a 35-ft channel.)
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[For example, a Beech sphere, ascending through the first half of the water — that is, the seven-foot — traverses it] in 16 vibrations; but the whole water, double-higher (or of 14 feet), in 28 vibrations; therefore it absolved the latter half in 12 vibrations, although it ought [to have taken] 16 if it had been moved uniformly; and so of the rest. The cause why the waxen [sphere] ascended so slowly is, both the defect of the most perfect roundness, and the small difference of specific gravity between water and wax. For since the waxen sphere and the glass-airy one each had an equal diameter (namely of 2⅓ inches), and the waxen one was, as to weight, of 3 ounces, but the glass-airy one of 7 drachms—we filled that same glass [sphere] with water, and its weight was 3 ounces, 5 drachms, and one scruple; the weight of the glass alone (which was nearly 7 drachms) being therefore subtracted, there remains the weight of the water [as] 2 ounces, 6 drachms, and one scruple—but of water having so much smaller a diameter as was twice the thickness of the glass sphere (which indeed was small). Hence we gather that, if a watery sphere be equal to the waxen sphere, the watery one is a little heavier—which also appears from the immersion itself, for the waxen sphere floats on water in such a way that, although it does not descend to the bottom, yet nearly the whole is submerged below the surface.

The Ninth Class of Experiments, for the Increment of the Velocity of Light bodies ascending through Water

[XXI.] [The square of the whole-ascent time of the beech sphere being 784 (28 vibrations), the time in which the same traverses 7 feet was 16 vibrations, whose square is] 256; but 784 to 256 is more than as 2 to 1, since it is as 3 to 1 and beyond; and so you will find concerning the other times answering to the whole space and the half, the squares of which times see in the following table, in the same order which we preserved in the preceding [one]:




	Whole ascent (vibrations → square)
	First half (vibrations → square)





	28 → 784
	16 → 256



	37 → 1369
	22 → 484



	88 → 7744
	49 → 2401



	26 → 676
	15 → 225



	33 → 1089
	19 → 361



	38 → 1444
	20 → 400



	30 → 900
	16 → 256





And so the proportion which such bodies preserve is inconstant; for in some, the time of the first equal space seems to be to the time of the second equal space as 4 to 3; in some, as 5 to 4; in some, nearer to equality, or as 10 to 9. For in the whole space of 14 feet, in the first experiment, 28 vibrations agree; but to its first half, 16 vibrations—which being subtracted from 28, there remain 12; but as 16 to 12, so 4 to 3. So, 22 being subtracted from 37, there remain 15; but as 22 to 15, so nearly 4 to 3. But not so in the other experiments, as you will learn if you subtract the time ascribed to the first half from the time of the whole space.


[Margin: Why is the increment of velocity less in Light bodies than in Heavy bodies?]



But the cause why such bodies do not have so great an increment of velocity in water is not only heterogeneity (as in glass spheres made of glass—which is specifically heavier than water—and of air; or in wooden ones, drinking water into their pores the more, the more often the experiment is repeated within a short time), but the one or chief [cause] is that the excess of the gravity of water over the gravity of the aforesaid [light] bodies is far less than the excess of the gravity of a metallic or stone sphere over the gravity of water, or [over] the slight gravity of our air. But if bodies could be found as much lighter than water as metallic or stone bodies are heavier than water—not to say than air—then it is very probable that the increment of velocity would be according to the squares of the times: so that if a lighter sphere ascended through a space of 7 feet in the time of 5 vibrations (whose square is 25), it would complete a double-greater space in 7 vibrations (whose square 49 is to 25 most nearly double).

The Tenth Class of Experiments, for the Unequal Ascent of two Light bodies through Water, but of differing Levity

[XXII.] From the same table of number 20 it sufficiently appears that those which are lighter—either in species and in individual at once, or in species at least—ascend faster through water. For, comparing three spheres of diverse species among themselves—namely a smaller beech, a waxen, and a glass-airy [air-filled glass], but of the same bulk (lest inequality be referred to figure or bulk)—it appears that the lightest, namely the glass-airy of 7 drachms, ascended in 33 vibrations; but the beech of 22 drachms in 37 vibrations; and the waxen of 24 drachms in 88 vibrations. Likewise, comparing the larger beech with the larger glass-airy of the same bulk (or of 3 inches in diameter), the glass-airy of 12 drachms ascended in 26 vibrations, but the beech of 5 inches (or 40 drachms) in 28 vibrations; and these for the lighter in species and individual at once. But for the lighter in species only, compare the larger beech with the waxen. The little bladder, however, was neither most exactly spherical (as we already noted), and besides was so immediately wetted in the water and imbued with moisture that, now made heavier, it exceeded the weight assigned to it in the table.

The Eleventh Class of Experiments, for the fall of various globes down a plane inclined to the Horizon at diverse degrees of inclination

[XXIII.] We prepared a wooden tube, or channel, of 35 feet, which—raising it from the plane of the Horizon—we [used to] number the time in which both water and various globes descended through the whole declivity of the channel; which we repeated at diverse times, before some Fathers of our Society. We shall represent the experiments by the following figure, and a table pertaining to it; in which AB is a perpendicular line, and AC equidistant from the Horizon [horizontal], above which—in AB, but moved toward C—the diverse heights of the right extremity of the Channel were measured; further, the angles ACI, ACK, etc., are the angles [of inclination]


[…continues on p. 393 (PDF 428) with the inclined-plane figure and its table—the times of descent down the channel at the various angles of inclination.]





(printed p. 393 — within Chapter XVI. The page opens with the inclined-plane table for the 35-ft channel: descent-times of water and wooden and clay globes at increasing slopes. The Twelfth Class (¶XXIV) then describes Riccioli's special bell-fitted balance for measuring the impetus of a falling one-ounce ball, with Grimaldi assisting: the drop-heights needed to lift 2, 3, or 4 ounces yield two corollaries — the higher the drop the greater the impetus, and the impetus very probably grows by the odd-number proportion.)
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Experiments through the Channel of 35 feet — the far end raised to the heights and angles shown; descent-times in Seconds ″ and Thirds ‴:




	Channel raised to
	Height (ft · in)
	Angle of elevation
	(deg · min)
	Water
	Wooden globe
	Clay globe
	Course





	AD
	0 · 11⅓
	ACD
	1° 32′
	15″ 40‴
	18″ 0‴
	19″ 0‴
	CD



	AE
	1 · 10⅔
	ACE
	3° 4′
	9″ 10‴
	11″ 0‴
	12″ 0‴
	CE



	AF
	3 · 5
	ACF
	5° 36′
	6″ 40‴
	8″ 10‴
	8″ 50‴
	CF



	AG
	4 · 7⅔
	ACG
	7° 37′
	6″ 0‴
	6″ 30‴
	7″ 20‴
	CG



	AH
	6 · 2½
	ACH
	10° 14′
	5″ 20‴
	5″ 10‴
	5″ 40‴
	CH



	AI
	7 · 5
	ACI
	12° 15′
	4″ 40‴
	4″ 30‴
	5″ 0‴
	CI



	AK
	8 · 8⅓
	ACK
	14° 21′
	4″ 10‴
	4″ 0‴
	4″ 10‴
	CK



	AL
	10 · 0⅓
	ACL
	16° 32′
	4″ 0‴
	3″ 40‴
	3″ 50‴
	CL



	AB
	12 · 6⅓
	ACB
	20° 56′
	3″ 50‴
	2″ 40‴
	3″ 0‴
	CB






[Translator's note — the figure (referenced at ¶XXIII): AB is a vertical line, AC horizontal (level with the horizon); the 35-ft channel is hinged at C, and its far end is raised to the successive positions D, E, F, G, H, I, K, L, B — whose heights are measured up the vertical (AD, AE, … AB) and whose inclinations are the angles ACD, ACE, … ACB. The "course" CD, CE, … CB is the channel itself at each elevation.]



Do not wonder if the clay globe, heavier than the wooden, was slower; for, by a more continuous friction, it descended through the channel, whereas the wooden one, leaping, was carried further forward by its lightness. Now, if water—raised one foot from the Horizon [at the far end]—runs down 35 feet (or 7 paces) in the time of 15 Seconds, it would seem [that it would] run 28 paces in one Minute, and 1680 paces in one hour, if it ran with uniform velocity. But from a raising of 5 feet (or one pace) it completed 7 paces in about 6 Seconds, therefore 4200 paces in one hour. Yet, on account of the great force of waters—notwithstanding the obliquity and winding of the waves—a river, whose fall is one pace per mile, is wont to complete about 2000 paces in one hour, as we said (bk. 2, ch. 13, no. 8).

The Twelfth Class of Experiments, for the Elevation of greater and greater weight by a Heavy body naturally descending from a greater and greater Altitude


[Margin: A balance of structure apt for this.]



[XXIV.] For testing this, I had a balance made, whose pans were not hung but fixed upon the beam (or upon its arms), lest cords or little chains should impede the perpendicular descent of the ball onto the very center of the pans. The beam itself I supported in its middle by a well-firm fulcrum having a large pedestal; and, the exact equilibrium of the pans being found, beneath the right pan I placed a second fulcrum, which would keep that pan—loaded with any superimposed weight—in equilibrium [held up], until the ball, let fall from a sufficient height onto the left pan, should by its impact raise the right pan (with its weight) to a height of four fingers, and make the [now] raised pan strike a little bell. Upon the other pan, that is the left, I gently laid in the middle a scruple—that is, the twenty-fourth part of an ounce—and by the force of this the right pan was raised to a height of 4 fingers in breadth, and no more, which I have often found by trial. This height, therefore, being chosen, I fitted a little bell above, distant 4 fingers from the right pan, so that the pan, when raised, might by its ringing make the elevation manifest, and by the failure of the ringing, the failure of the elevation—more surely to the ears than to the eye. Moreover, I chose a leather playing-ball, well hard, and—with lead inserted among its stuffing—reduced to the weight of one single ounce, lest a globe of another kind, by falling and striking the left pan, should either be bruised by it, or bruise or break it.

These things being prepared, I approached a certain square column, having the figure of a parallelogram (of which kind we have two in our Solarium [sundial-room]), and placed upon the right pan a weight of two ounces, letting the ball drop perpendicularly onto the center of the left pan along the side of the column; by the help of a certain gnomon exhibiting this position, with Fr. Francesco Maria Grimaldi observing whether the ball fell upon the very center of the pan, I sought out, by experiments often repeated, how great a height was required that the aforesaid ball should raise a weight of two ounces; then how great, that it should raise a weight of three ounces; and lastly how great, that it should raise a weight of four ounces—raise [it], I say, in such a way that here, from a ringing (but a very moderate and almost least one), and there, from a failure of the ringing if the height were a little less, the height required for raising the right pan up to a height of 4 fingers might be made certain. Now for the elevation of two ounces, there was required a height of 2 Roman feet and nearly a dodrans [three-quarters of a foot]—that is, of about 33 or 32 inches; for it stood about this terminus, so much so that from a height of 31 inches the right pan was not raised up to the striking of the bell (although most nearly so), but from a height of 34 inches the striking was already great, etc. To raise a weight of 3 ounces, a height of 84 inches was required; and to raise a weight of 4 ounces, a height of 116 inches, or a little more—as you see in the following table:

A leather ball of one single ounce, that it may raise the weights written below to a height of 4 fingers, must be dropped perpendicularly from the height written below (in inches of the Roman foot):




	To raise the weight (oz)
	Drop-height (inches)
	Difference





	2
	32
	—



	3
	84
	52



	4
	116
	32






[Margin: 1st Corollary.]



[1st Corollary.] These things being laid down, it now appears that a Heavy body, the higher the place from which it is let fall, acquires the greater impetus—since a one-ounce ball, of itself unable to raise a pan loaded with a two-ounce weight (a sextans), can nevertheless do so if it be let fall from a height of 32 inches, etc.; and raises a weight of 3 ounces from a height of 84 inches; and a weight of 4 ounces from a height of 116 inches.


[Translator's note: the print reads "dextante" (a dextans = 10 ounces), but with "biunciali" (two-ounce) and the whole experiment the intended unit is the sextans (= 2 ounces); the printed "d" is almost certainly an error for "s".]

[Margin: 2nd Corollary.]



[2nd Corollary.] It appears, besides, to be not improbable that the acquired gravity, or impetus, of a Heavy body naturally descending—[the impetus] acquired at the end of [a stretch of] equal times—is to the impetus acquired at the end of the following equal time as the space is to the space traversed in equal times taken separately; or that it keeps the proportion which the odd numbers, counted in order from unity, have—which is surely a most beautiful thing and most worthy to be known, if it can be confirmed by continued experiments. For the leather ball has of itself a gravitation, or impetus, as 1, or of one ounce, since by its force it counterbalances one ounce; but with one scruple added, it raises an ounce up to 4 fingers. Now from a height of 32 inches it alone raises, to the same height of 4 fingers, a weight of 2 ounces; therefore it acquired an impetus of one ounce and one scruple. But if it had had to raise [only] to the least of sensible heights, a gain of one ounce, or a one-ounce impetus, would have sufficed; and for this gain a height of about 30 inches would have sufficed, most nearly. But when it descended from a height of 116 inches—which is nearly quadruple the height of 30 inches—the time completed was double-longer than that in which it descended from a height of 30 inches. For from the earlier experiments of the 3rd Class it appears that, if a Heavy body at the end of the first time traverses a space as 1, at the end of the second equal time it traverses a space as 4; and therefore, arguing conversely, if the first space is to the second as 1 to 4, the first time is equal to the second time taken separately. Now at the end of this second time it raised a weight of 4 ounces; therefore it acquired a quadrantal impetus, that is, of three ounces


[…continues on p. 394 (PDF 429) with the catchword "vncia[rum]": "…of three ounces" (vnciarum 3; a quadrans = 3 oz, the ball's own 1 oz plus the 2 oz gained)—the conclusion of the weight-lifting analysis and its bearing on the odd-number law of acquired impetus.]





(printed p. 394 — within Chapter XVI. The page closes the weight-lifting experiment's second corollary, finishes the Thirteenth Class of experiments (a globe's perforation of water from ever-greater heights), and opens the "Selected Theorems from the foregoing Experiments": Theorem 1, levity is a positive quality, not mere privation of gravity; Theorem 2, heavy and light bodies move with accelerating velocity; Theorem 3, the velocity-increment follows the odd numbers (spaces as squares of times), against the arithmetic-progression rule of Chiaramonti, Cabeo, and Baliani.)
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…of three ounces; but in the second time taken separately it acquired an impetus of 2 ounces. But if the space traversed in the first time be taken as 1, the space traversed in the second time taken separately was as 3. Therefore the impetuses acquired at the end of equal times stand to one another as the spaces traversed in equal times—yet taken separately. Would that it had been permitted us to establish or examine this proportion by experiments continued to greater heights! But it was not permitted, because from a height of


[Margin: How great is the impetus acquired in the motion of Heavy bodies?]



270 inches—such as was necessary that the [ball] should descend in a time triple [the first]—it could not be let fall in such a way that it would fall again and again exactly onto the center of the empty pan, as is needful for certifying the experiment; for that is too difficult, nor is it done without uncertainty. But what I have suspected from the first trace of this proportion, I preferred to communicate to the Reader rather than to keep wholly silent.

The Thirteenth Class of Experiments, for the Perforation of Water made by a globe falling from a greater and greater Altitude

We employed a wooden globe of 2 ounces, which—let fall perpendicularly above a bucket of water 7 inches of the Roman foot deep—from a distance less than 7 inches [above the surface] did not reach the bottom of the bucket; but from a distance of 7 inches it now reached it with a very slight stroke, and from a greater distance with a greater stroke. We then ordered a wooden two-congius vessel [bicongium] to be filled with so much water that its depth was 14 inches; and yet the same globe did not penetrate that whole depth, nor strike the bottom, except from a height of 10 feet taken from the bottom of the water—but [reckoned] from the surface, of 8 feet and 10 inches, that is, of 106 inches—which may surely seem wondrous. But perhaps it happens by reason of the resistance of the deeper water, and of its agitation already produced; or rather because that impetus acquired in air is more and more diminished until it is overcome, and the wooden globe flies back upward, inasmuch as it is lighter than water. And since this return happens at once, it is a sign of the very swift extinction of that impetus—namely by [the body's] levity, which more and more resists by producing an impetus upward, until this latter overcomes the prior impetus.

Selected Theorems from the foregoing Experiments


[Margin: 1st Theorem.]



[XXIV.] Levity does not consist in the privation of greater gravity, but is a quality positively distinct from gravity.


[Translator's note: the source numbers this paragraph XXIV—the same numeral it used for the balance experiment (¶XXIV, p. 393); here it opens the First Theorem. The two following theorems are introduced by their italic enunciations with marginal labels only, without a running paragraph number.]



This is against Epicurus and Strato, indeed also against Plato (in Simplicius, On the Heavens I, text 89, comment 87) and Galileo (in the treatise On the things that float upon water, p. 22); the first of whom Aristotle there refutes—[arguing] that if air or fire were thrust upward by an external force from water and earth (which are heavier), they would not be moved faster at the end but slower, as happens to every movable thing moved by an external force; and moreover that a greater fire would be moved upward more slowly than a smaller fire. But since these things which Aristotle supposes—about the greater velocity of the natural motion of the elements at the end, and of a greater rather than a smaller fire—could be denied by someone, it pleased us to confirm these very things by experiments in air and oil (which are bodies lighter than water), as appears from what was said at numbers 20, 21, 22; and besides, to establish this Theorem with physical evidence by new arguments and experiments, as we think was done at numbers 3, 4, and 5. As for what Galileo says—that fiery exhalations ascend faster through water than through air, although, if they were positively light, they ought to ascend faster through air, as the thinner medium—this arises from the comparison and greater excess which the levity of fire has over the partial levity of water, [as compared] than to the levity of air.


[Margin: 2nd Theorem.]



Heavy bodies descending, and Light bodies ascending, by natural motion, are moved with a uniformly difform velocity, and that greater and greater toward the end of the motion.

This is, first, against Arriaga (Disputations 4, On Generation, sect. 5, subs. 3), asserting this motion to be even apparently uniform; and against Simplicius (On the Heavens I, text 88) and Cabeo (Meteors I, text 17, qu. 3), who—concerning its inequality, though so commonly asserted—nevertheless doubted. Next it is against Galileo (Dialogue, Day 2, On the two Chief Systems of the World) and Bullialdus (in his Philolaus, bk. 1, ch. 4), who indeed concede that the motion of Heavy bodies appears to us unequal, as it seems to occur along a straight perpendicular line, but [hold that] it really occurs along one or more circular lines, so that it is uniform, although on account of the motion of the Earth it appears rectilinear and unequal. But against both [parties] the experiments delivered from number 6 to 13 for Heavy bodies, and from number 20 for Light bodies, manifestly militate—all of them indeed against the former opinion or suspicion; but against the latter, those [experiments] which rest not on the mere measurement of the unequal space traversed in equal times, but [on the fact] that [the strokes are] made with greater sound, percussion, and elevation, [all] produced by a greater impetus; for if they were moved uniformly, from however great a distance they had begun their motion, they would acquire no greater force whereby they could effect a greater sound or percussion.


[Margin: 3rd Theorem.]



The increment of the velocity of Heavy bodies naturally descending through air is according to the odd numbers counted in order from unity. Or: the Spaces completed in equal times by the aforesaid motion have to one another the doubled [squared] proportion of the compounded times at the end of which they are traversed. Or: the aforesaid Spaces are to one another as the squares of the compounded times.

I said "naturally," not only to exclude violent or supernatural motions, but also any preternatural ones whatsoever—of which kind is that which arises from the agitation of our [local] air; for such movables must be such as to overcome this ordinary agitation.

This is against Chiaramonti, who (On the Universe, bk. 12, ch. 28) judged that this increment is not increased but diminished, fearing for himself [the consequence] of an infinite velocity, as I said at number 2; and against Cabeo, who (Meteors I, text 17, qu. 3) judged it more probable that this increment occurs according to an Arithmetic progression—so that if in the first time a Heavy body completed 1 foot, in the second equal time it would complete, separately, 2; and in the third time, 3; and in the fourth,


[Margin: Baliani's later opinion is worse than his earlier.]



4; and so that, if at the end of the fourth time the motion should cease, the sum of the compounded feet would be 10. Baliani too judged this same progression more probable (On the natural motion of Heavy bodies, bk. 4, pp. 110–113)—though he had agreed with us in bk. 1, proposition 6. But why did he afterward depart from himself? He answers, himself, that the Sixth Proposition rests on experiments liable to the deception of the senses, by which an insensible error cannot be detected; which happens here from this: that the portions of time equal to that first [portion]—in which is completed the first portion of motion, [the portion] independent of impetus—cannot be perceived, being insensible, just as the said first portion of motion is insensible; which, if they were perceived, we should see the motion increased according to the natural progression. Then (p. 113) he gives this rule for finding the spaces completed after equal times: Multiply the number of times—if it be even—by its half, and add the half; if odd, [multiply] by the portion greater than the half, and there will result the sum of the spaces accomplished in the given time. Let 4 times be given: multiply by 2; to the product 8 add the half, 2; it becomes 10, the sum of the spaces. Let 9 times be given: multiply by 5; the product 45 is the sum of the spaces. Therefore the motion is increased—unless I am mistaken [as to their view]—according to an arithmetic progression: not [according to] the odd numbers from unity believed hitherto, but the natural [progression]. But nonetheless, since nearly the same effects follow—on account of the insensible discrepancy—it is no wonder that it has been believed that the spaces are in the doubled ratio of the times; since, even if perhaps it is not precisely true, it is nevertheless so near to the truth that the sense could not perceive the [departure from] truth in the experiments employed. But Baliani did prudently in not affirming this his opinion for certain, but limiting it with formulas of doubting. For not only Galileo (as he himself [does] in the 2nd Dialogue on the System of the world—to which Gassendi subscribed in his Epistles on motion, printed), but we too, by most certain experiments, through sensible intervals of time, detect the aforesaid proportion of the odd numbers from unity. But how false is the rule here delivered by Baliani and Cabeo, and how differing the effects that follow, appears from the experiment of which we spoke at number 12: for in the first equal time of one Second the clay globe completed 15 feet, and at the end of the fourth Second it precisely completed 240 feet; but according to the rule of Baliani and Cabeo it would have completed only 150 feet—that is, only tenfold the prior space. Let Baliani therefore recall his earlier


[…continues on p. 395 (PDF 430) with the catchword "rem" (priorem): "…[his] earlier [opinion]"—Riccioli's continued case for the odd-number / squares law against the arithmetic-progression rule of Baliani and Cabeo.]





(printed p. 395 — within Chapter XVI, continuing the "Selected Theorems." The page lays out Theorems 4–13 on free fall: the odd-number law holds through water as through air; and in various pairings of species, bulk, figure, and weight, the individually heavier body falls faster — against Galileo's and Baliani's equal-fall claims — culminating in the compendium that the heavier descends faster (Theorem 12), yet the velocity-difference is far smaller than the weight-difference (Theorem 13, against Aristotle).)
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…[his] earlier opinion, asserted in his book 1, proposition 6, as being better than this later one, and proved by experiments by no means fallacious.


[Margin: 4th Theorem.]



Of certain Heavy bodies naturally descending through water, the increment of velocity is, in itself, as great as [that] of the same bodies descending through air, although the descent itself is slower through water than through air. That is, their velocity grows according to the odd numbers; or, in completing the space, it keeps the doubled proportion of the times; or, the watery spaces traversed in equal times are to one another as the squares of the aggregated times.


[Translator's note: the print reads "triplicatam" (tripled) proportion, but the clause it explains—"as the squares of the times"—and the parallel Theorem 3 (p. 394) require "duplicatam" (doubled = squared); an evident misprint.]



This appears from the experiments delivered at numbers 16, 17, and 18. I said "of certain"—namely, of metallic, stone, and similar bodies; for boxwood bodies, or [those] of ebony or holm-oak, although heavier than water, nevertheless descend more slowly, and do not acquire so great an increment of velocity in water.


[Margin: 5th Theorem.]



Of most Light bodies naturally ascending through water, the increment of velocity—[which is] per accidens—is not as great as [that] of heavy metallic or stone bodies descending through air or through water. This appears from the experiments delivered at number 20 and examined at number 21, where also the reason for the disparity was indicated; and what would happen of itself, with the impediments removed which force themselves upon the experiments, I have said in the same place.


[Margin: 6th Theorem.]



Of two Heavy bodies of the same species, bulk, and figure, but of different weight, let fall together at the same instant from the same altitude through air, that one descends faster to the same pavement or ground which is heavier in the individual. This theorem, and the following, is against Nicolaus Cabeo, Rodrigo de Arriaga, Bartholomaeus Mastrius, and Bonaventura Bellutus (in the passages adduced at number 2, under the fifth error)—who, from rude and almost laughable little experiments, did not hesitate to assert universally that any two heavy bodies let fall together descend equally fast, and strike the ground at the same instant, without any sensible difference. Now this sixth Theorem is established by 11 experiments, which hold a place at number 13 in tables 1 and 2, and concerning which [see] number 14, corollary 2.


[Margin: 7th Theorem.]



Of two Heavy bodies of the same bulk and figure, but of different species, let fall through air from the same altitude at the same instant, that one descends faster which is heavier in species, and so [also] in the individual. This is against Cabeo, Arriaga, Mastrius, and Bellutus, [as] above. But not against Baliani, since he admits that of two globes of the same bulk—one of wax, the other of lead—let fall from the citadel of Savona, of a height of fifty feet, the waxen one was somewhat slower, so that it was about one foot from the ground when the leaden one touched the level below. Now our theorem appears from the experiments delivered in the table of number 13—namely experiments 3, 4, 5, 6, repeated, however, quite often. And reasoning a priori plainly teaches it: for since all else is equal, and one cannot have recourse to a resistance arising from a more obtuse angle (with which a greater mass touches the flat of the air), nor to a figure less apt for penetrating the medium—seeing that both are of the same bulk and figure—while on the other hand that which is heavier in species is so also in the individual (being, when compared with a body of equal bulk but of different and therefore lighter species); it is necessary that the greater gravity, in species and in the individual, should produce its proportioned effect: that is, weigh more, and move with a greater impetus the body to which it is naturally implanted. For it cannot be said that the defect of specific gravity in the one is compensated by an excess of individual gravity; for then (naturally speaking) that which is of lighter species would have to be of greater bulk—which is against the hypothesis.


[Margin: 8th Theorem.]



Of two Heavy bodies of the same species and figure, but of different bulk, and so of different individual gravity, let fall from the same altitude at the same instant, that one descends faster which is heavier in the individual. This is against not only Cabeo, Arriaga, Mastrius, and Bellutus, but also against Galileo (Dialogue, Day 2, On the System of the World) and Giovanni Battista Baliani (On the motion of heavy solid and liquid bodies, bk. 1)—of whom Galileo affirms that two iron globes let fall together from the same altitude (even were it the concave [vault] of the Lunar heaven) descend to the earth in the same time; while Baliani [affirms] that heavy bodies, whether of the same or of different species, very unequal in bulk and gravity, descend naturally through the same space in equal time through air, and strike the ground below at the same indivisible instant of time.


[Margin: The occasion of the errors of Galileo and Baliani.]



But the occasion of this erroneous opinion was the too-short space which they used; for they confess (in the passages reviewed above) that they used—Galileo, a height of only one hundred cubits, that is, 150 feet; and Baliani, a much smaller height, namely of 50 feet. Now when two heavy bodies of the same species, but of different bulk and so of different individual gravity, are employed, less difference appears in their fall; and therefore in these a greater altitude than in the rest is required, that the difference may be evident to sense; and far greater attention is required to discern the sound and stroke of the one from the other. Perhaps, too, Galileo denied this inequality lest it harm the motion of the earth, as we shall say in chapter 17, number 12. But the proposed theorem appears sufficiently from the experiments exhibited in the table at number 13, and gathered there at corollary 2—namely, experiments 7, 8, 9, 13, 14, 15, 16, 21 of that table.


[Margin: 9th Theorem.]



Of two Heavy bodies, of the same figure and the same individual gravity [equal weight], let fall together through air from the same altitude, that one descends faster which is heavier in species. This is against Cabeo, Arriaga, Mastrius, Bellutus, and Baliani, [as] above. But what Galileo thought of these is not yet certainly established, for he seems only to have compared together globes of the same species. Yet for this Theorem stands experiment 12 in the table of number 13, and corollary 3 placed at number 14.


[Margin: 10th Theorem.]



Of two Heavy bodies of the same figure, but of different species, and of different gravity both specific and individual, let fall together through air from the same altitude, that one descends faster which is heavier—whether it be of greater, of smaller, or of equal magnitude. This is against Cabeo, Arriaga, Mastrius, and Bellutus; and, as to the last part of the theorem (concerning equal magnitude), against Baliani. But the whole theorem is sufficiently proved by the experiments adduced at number 13, and at number 14 for corollary 4.


[Margin: 11th Theorem.]



Of two Heavy bodies of the same figure, of which one is heavier in species, the other heavier in the individual, let fall together through air from the same altitude: sometimes both [descend] equally fast; sometimes that which is heavier in species descends faster; sometimes that which is heavier in the individual. See what we said at number 14, corollary 5, where we also indicated the causes of this variety—especially the air enclosed within the pores of the one [body] that is less dense or compacted; then the magnitude of the sphere (striking the air with a more obtuse angle); and then the roughness of the surface. As to what Baliani says (On the motion of heavy bodies, bk. 1)—that if all impediments be removed, heavy bodies descend equally, because although one be lighter and the other heavier, yet in that which is heavier the greater gravity must move a greater [quantity of] matter too—[this] is neither true nor consistent: not true, because it contradicts our experiments; not consistent, because if it is heavier, it will also be greater in bulk (for he speaks of absolute and individual gravity), and so it will have an impediment from the multitude of air to be penetrated, and from the more obtuse angle with which it tries to strike it.


[Margin: 12th Theorem.]



Of two Heavy bodies of different weight let fall together from the same altitude, for the most part the one descends faster than the other; and that which descends faster is always in some respect heavier—namely either in species and individual, or in the individual, or in species. Wherefore, if it must be pronounced absolutely, it is to be asserted that that which is heavier descends faster. This is, as it were, the compendium of all the preceding Theorems, gathered into one; and it is sufficiently established from what was said at number 14, corollary 6. And the same is to be said of Light bodies in ascent, according to what was said at number 22.


[Margin: 13th Theorem.]



Of two Heavy bodies descending unequally from the same altitude, the difference in velocity is not proportional to the difference of gravity alone, but is much smaller. This is against Aristotle and some Peripatetics in On the Heavens III, text 27, where, among other things, he says of two bodies of unequal bulk: "For the velocity of the smaller will be to that of the greater as the greater body is to the smaller body"; wherefore, comparing two bodies of the same species, he thought that the one heavier than the other in the individual is moved naturally as much faster as it is heavier—so that if one be double the weight of the other, it would also complete a double-greater space in equal time. But this is deservedly refut-


[…continues on p. 396 (PDF 431) with the catchword "redar[guitur]": "…[it] is refuted"—Riccioli's rebuttal of the Aristotelian velocity-∝-weight rule.]





(printed p. 396 — within Chapter XVI. The page finishes Theorem 13, refuting Aristotle's velocity-proportional-to-weight rule with the Asinelli-tower data, and explains why velocity does not track weight. It then opens the "Selected Problems from the foregoing Theorems," applying the squares-of-times law: Problem 1 finds fall-times over other heights (with worked examples up to a fall from the Moon's heaven), Problem 2 the inverse, and Problem 3 begins gauging the density-ratio of water to air.)




[Header: BOOK IX. SECTION IV. — 396]



[This is] refuted by Galileo (Dialogue 2, On the System of the World, Latin p. 164) and by Baliani (On the natural motion of heavy bodies, bk. 1, p. 5), and—what is the chief point—by the most evident experiments performed by us and cast into the table at number 13. For whether you regard the difference in time, or in space, it was never as great as the difference in weight. For a clay globe, hollow inside and of 10 ounces, measured the height from the cornice to the lowest base of the Asinelli tower in 4 Seconds and 20 Thirds [of the primum mobile]; but a clay globe of the same magnitude, yet of 20 ounces, accomplished the same height in 3 Seconds and 30 Thirds; and when this [heavier one] was now striking the pavement, the lighter was not distant from the pavement except by about 15 feet—out of those of which the aforesaid height was 280. But if the velocity of the heavier had been as much greater as its gravity is greater, the globe of 20 ounces would have descended in a time double-smaller than the globe of 10 ounces, that is, in 2 Seconds and 10 Thirds, and the lighter would have been 140 feet from the pavement when the heavier struck the pavement. So in all the other experiments the excess of the space completed by the heavier over the space completed by the lighter body was found far less than the excess of gravity over gravity.

Wherefore that proportion which at first sight seemed probable to Aristotle and his followers, recalled to experiment, has utterly vanished.


[Margin: Why velocity is not to velocity as gravity is to gravity.]



But since the reason a priori can hardly be rendered why the effect [velocity to velocity] does not keep the proportion which the cause [gravity to gravity] has, hence it came about that not a few of those already named thought that any two heavy bodies whatsoever, however different in weight, descend equally of themselves, if the things which per accidens retard one of them be removed. But we say that no case can be given naturally in which two bodies are of different weight, and yet all impediments retarding one of them be removed from them: for that which is heavier will either be greater in bulk—on account of which it will bore through the air with a more obtuse angle; or it will be lighter in species, and enclose within its pores little portions of air or fire; or it will have a rougher surface, or be allotted a figure less apt for penetrating the air—on account of which the force of the greater gravity in moving will be blunted. But if there be given two bodies of the same species, bulk, figure, and smoothness, and yet one be double lighter than the other in the individual—but, on account of a greater rarity preternaturally or supernaturally acquired, has obtained an extension and magnitude equal with the other—nevertheless that which is double heavier will not therefore descend double faster; perhaps because the principal mover is the very substance of the movable body, which uses gravity as a merely instrumental cause. But the substance of heavy bodies of the same species requires that they arrive as quickly as possible at their natural place—with a determinate increment of velocity indeed, but a very similar one [across them]; wherefore that which is lighter in the individual is moved faster by the force of the substantial principle than it otherwise could be, were mere gravity regarded.

I come now to certain selected Problems, whose practice is not only desirable in itself, but will also be of use to us for the arguments to be adduced against the motion of the earth, or for the motion of the earth, in chapter 17.

Selected Problems from the foregoing Theorems


[Margin: 1st Problem.]



[XXV.] Given the time in which some Heavy body, descending naturally, traversed a given altitude: to find the time in which it traversed a smaller, or would traverse a greater, given altitude.

By examples the Problem will be explained, and at the same time its practice taught. We said at number 12 that a clay globe of 8 ounces descended from the cornice of the Asinelli tower through a space of 280 old Roman feet in the time of 4 Seconds and 20 Thirds; that is, if you reduce the time to Thirds alone, it traversed it in the time of


[Margin: 1st Example.]



260 Thirds. Now let someone ask: in how much time did it traverse the half of that space, namely 140 feet? That this problem may be solved, [proceed] from the foundations of Theorem 3. Let it be made: as the greater space to the lesser space sought, so the square of the known time to the square of the sought time; for the root of this square will be the sought time. Now, of the given time of 260 Thirds, the squared number is 67,600. Let it therefore be made: as space 280 to space 140, so 67,600 to 33,800; the nearest square root of which last number is 184. Therefore in 184 Thirds such a globe traversed [the first] 140 feet, and the remaining 140 in 76 Thirds.


[Margin: 2nd Example, for one mile.]



Again, let another ask in how much time such a globe would traverse a whole mile, which contains 5000 feet. Let it therefore be made: as the lesser space, which was of 280 feet, to the greater space, that is, of 5000 feet, so the square of the time of 260 Thirds, 67,600, to the square 1,207,107 Thirds; the nearest root of which is 1098 Thirds—that is, 18 Seconds and 18 Thirds. And by the same device you will find that such a Heavy body, if it descended through a medium of the kind nearest to us (such as air), would traverse one Semidiameter of the Earth (which for us contains 4139 Italian miles) in the time of 70,685 Thirds; for as 1 mile to 4139, so the square 1,207,107 Thirds to the square 4,996,015,873, whose nearest root is 70,685 Thirds, which make 19 Minutes, 38 Seconds, and 5 Thirds.


[Margin: 3rd Example, for the semidiameter of the Earth.]



In so great a time, then, the aforesaid Heavy body would reach the center of the Earth, if a well were bored all the way to there and were full of air. But that we may proceed further—at least as far as the Moon, since the upper region of air and the [region] of fire, if it exists, is a less-resisting medium—you will easily grant that the aforesaid globe (or at least a larger one, namely of one pound) would traverse the first semidiameter of the Earth, the one nearest the Lunar heaven, in 19 Minutes, whose square is 361.


[Margin: 4th Example, for the Lunar distance.]



To one asking, therefore, in how much time a clay globe of one pound would descend from the summit of the Lunar heaven (assumed to be distant 70 semidiameters—though let no one assign it so great a distance), I answer with confidence that it would descend in 159 minutes of an hour, that is, in 2 hours and 39 minutes; for as 1 semidiameter of the Earth to 70 semidiameters, so the square 361 (answering to the root of 19 minutes) to the square 25,279, whose nearest root gives 159 minutes, that is, 2 hours 39 minutes. Yet elsewhere (bk. 2, ch. 21, and bk. 7, sect. 6, ch. 5), proceeding a little differently, we gathered that such a globe would measure the Lunar distance in about 3 hours. But for the distance of the Sun, of Saturn, and of the Fixed [stars], see the table set out at bk. 7, sect. 6, ch. 5—in which, however, we neglected the small fractions, for the reasons adduced in the same place.


[Margin: 2nd Problem.]



[XXVI.] Given the time in which some Heavy body, descending naturally, traversed a given altitude: to investigate another altitude, smaller or greater, which it would traverse in another given time. Let it be made: as the square of the greater time to the square of the lesser time, so the given greater space to the lesser space sought. Or, if the space sought must be greater: let it be made as the square of the shorter given time to the square of the longer time, so the given lesser space to the greater space sought.


[Margin: Example.]



For example, since a clay globe of 8 ounces ran through 280 feet in 260 Thirds: if you ask how much space it will run through in one hour—that is, in 216,000 Thirds—let it be made: as the square of 260, [namely] 67,600, to the squared number of 216,000, [namely] 46,656,000,000, so 280 feet to the feet sought; they will be 153,308,875 feet, that is, 30,661,775 paces, that is, 30,662 Italian miles. Therefore in 24 hours (whose square is 576) it would traverse 30,662 multiplied 576 times, that is, 17,661,212 miles.


[Margin: 3rd Problem.]



[XXVII.] Given the space which the same Heavy body completed in air and in water, and the time corresponding to each space: to investigate the probable difference between the gravity—or at least the density—of water and of air. First, by Problem 1, inquire in how much time that heavy body would complete an aerial space equal to the watery [space] traversed by it; then compare the time found with the time in which the same heavy body completed just as much watery space: for by how much greater time it spent in the watery [space] than in the aerial, by so much is the resistance of water probably greater than that of air—whether it be said to arise from gravity, or rather from greater density; unless also humidity, making viscosity together with density, helps the resistance that must be overcome by the movable.


[Margin: Example.]



Example. For me, a little lead globule of 4 drachms, or half an ounce, measured in air 280 feet in 24 vibrations of the pendulum, but in water measured 4 feet in 7 vibrations of the same pendulum—that is, there [in air] in 4 Seconds, here [in water] in 1 Second and 10 Thirds. I ask in how much time it would have traversed the watery


[…continues on p. 397 (PDF 432) with the catchword "aqueos": "…the watery feet [in air]"—completing the water-vs-air resistance example.]





(printed p. 397 — within Chapter XVI, closing the "Selected Problems" and the chapter itself. Problem 3 concludes the water-to-air density ratio; Problem 4 gives a float-and-tube method to sound the depth of the sea, restoring Alberti's problem; Problem 5 computes the enormous lag between unequal bodies over hours of continuous fall; Problem 6 finds how slow a body must begin in order to reach the Earth's center in six hours. Chapter XVI ends here.)
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280 feet of water. Let it be made: as 4 feet to 280 feet, so the square of 7 vibrations, 49, to 3430—the square, namely, nearest [to that] of 59 vibrations. Therefore, as 59 to 24, so probably is the resistance and density of well-water to the resistance and density of our [local] air and [the air] nearest the earth. Unless someone should wish density to be to density as the square of time to the square of time; and so, in our case, the density of water to that of our air as 576 (which is the square of 24 vibrations) to 3430 (which is the square of 59 vibrations).


[Margin: 4th Problem, on investigating the depth of the Sea.]



[XXVIII.] To search out the depth of the Sea, or of any water, the per-accidens impediments removed. First, in a glass tube of (say) 10 feet, full of water of the kind whose depth you wish to measure, and erected perpendicular to the horizon, let down a cork float—or a gall-nut—D, into whose bottom, through a little handle or loose ring, is inserted a lead hook A·B·F (whose greater part is BF); and with a pendulum measure precisely the time in which the whole aggregate of gall-nut and hook reaches the bottom. Then, as soon as the hook, tipping over, has freed the float D so that it tends upward, measure likewise the time in which the float D ascends to the top of the water, and keep each time separately, and also their sum. Secondly, let down the same aggregate of float and hook into the Sea, and measure the time which intervenes between the release and the return of the float to the top of the water; distribute this sum, as a common gain, to the aggregate of float and hook—or to the descent alone—by the Rule of Society [partnership] or the Rule of Three, and you will have the distinct time in which the float with the hook descends to the bottom of the sea. Thirdly, therefore, by the second problem delivered a little before, inquire the desired depth of the sea. I said "the per-accidens impediments removed"—such as would be if that weight should strike upon some point, or a hidden rock, or upon the back of a fish then swimming beneath, or if the sea were stirred from the bottom by the force of winds.


[Translator's note — the engraved figure (left column): at left, the sounding device — a float D (a cork or gall-nut, drawn as a dark disk) with the lead hook hanging from its base, its short cross-piece A·B and the longer descending arm B·F (hook at F); at right, the graduated glass test-tube G…K (a tall narrow vessel, G at the rim, K at the bottom point) carrying a beam or scale M·E·R above it (E the central suspension), marked with the depth-graduations "3" and "2½".]

[Margin: Example.]



Example. Let the aggregate of float and hook have traversed 10 feet of sea-water in the time of six vibrations of our smallest pendulum, or 60 Thirds of the primum mobile; and let the float have ascended to the same height in 10 vibrations, or one Second and 40 Thirds. The sum, therefore, of ascent and descent is 2 Seconds and 40 Thirds, or, resolved, 160 Thirds. Then suppose the float with the hook, let down into the sea, to have reached the bottom of the sea and returned to the top in the time of one Minute, or 60 Seconds, which are 3600 Thirds. For if to the whole time of 160 Thirds [in the tube] there correspond [in the sea] 3600 Thirds, then to the time alone in which the hook with the float descended through the 10 feet of water—which was 60 Thirds—there correspond 1350 Thirds, in which, namely, that hook descended to the bottom of the sea. Finally, as the square of the time of 60 [Thirds], 3600, to the square of the time of 1350 Thirds, 1,822,500, so 10 feet to 5062 feet—that is, to one Italian mile and 62 feet besides, since a pace consists of five feet. So great, then, will be the depth of that sea. Thus you see corrected, and restored in a much nobler manner, the problem of Leon Battista Alberti, of which we spoke in bk. 2, ch. 5, no. 11.


[Margin: 5th Problem.]



[XXIX.] Given the time in which one heavy body, by natural descent, measures a given altitude, and the difference of interval by which another heavy body has measured [its fall] more slowly than the first: to investigate the difference of interval that would intervene in a given greater time. Wherefore, by Problem 2, [find] the interval due to each of the two heavy bodies for the second given or assumed time; for the difference of these intervals will be that very [difference] which you seek.


[Margin: 2nd Example.]



Example. We said at number 13, in the table at experiment 21, that a lead globule of one ounce, let fall from the cornice of the Asinelli tower, touched the pavement of the base (which is distant 280 feet thence) when another globule of 4 drachms, let fall from the same place at the same time, was 5 feet from the pavement. Now the one-ounce sphere, while I measured the time, descended in 24 vibrations, or 4 Seconds. It is asked how far the half-ounce sphere would have been from the pavement if such motion had been continuous for three hours, that is, for 10,800 Seconds. First, then, let it be made: as the square of the time of 4 Seconds (which is 16) to the square of 10,800 Seconds (which is 116,640,000), so 280 feet to 2,041,200,000 feet—which are 408,240,000 paces, or 408,240 Italian miles. Again, let it be made: as 16 to 116,640,000, so the 275 feet which the half-ounce globule completed [in 4 Seconds] to 2,006,625,000 feet; which, subtracted from the 2,041,200,000 feet, leave a difference of 34,585,000 feet—namely 6,917,000 paces, which make 6917 Italian miles. Now in the 408,240 Italian miles the Earth's semidiameter (which for us is 4139 miles) is contained 91 times. Therefore, if from the height of 91 terrestrial semidiameters—which is about one-and-a-half times the distance of the Moon—the two aforesaid (or similar) globes of the same species were let fall together, one being double heavier than the other, and the medium were such as our air, then, when at the end of three hours the heavier struck the Earth, the lighter would still be 6917 Italian miles from the earth. But if you enter the reckoning for six hours—that is, 21,600 Seconds, whose square is 266,560,000—you will find that the one-ounce sphere would traverse 929,210 miles, and the half-ounce 916,300; whose difference at the end of six hours would be 12,910 miles, that is, greater than three Earth-semidiameters.


[Translator's note: the print gives 21,600² as "266,560,000" here, but the square is 466,560,000 (correctly so given by Riccioli himself at Problem 6 below); an evident misprint.]



But it is worth weighing another notable case, of which we spoke at number 13, experiment 12. For a lead globe of 2½ ounces measured 56 paces, or 280 feet, in 4 Seconds very nearly; and at the moment in which it struck the pavement, a wooden globe of greater bulk but equal weight—namely of 2½ ounces—was manifestly 40 feet, that is 8 paces, from the pavement; wherefore the wooden one had then completed 48 paces. I ask how great the difference of interval would be, if both had moved for six hours. The square of 4 Seconds is 16, and the square of 21,600 Seconds (of which six hours consist) is 266,560,000. Let it therefore be made: as 16 to 266,560,000, so 56 paces to 929,210,000 paces—that is, 929,210 Italian miles. Again, let it be made: as 16 to 266,560,000, so 48 paces to 799,680,000—that is, 799,680 miles; the difference of which miles is 129,530. Therefore, if the aforesaid globes were let fall together from a height of 929,210 miles—that is, of 224½ terrestrial semidiameters—and the air, or medium, were such as our air, then, when the lead globe of 2½ ounces struck the earth, the wooden one of 2½ ounces would be distant from the earth by 129,530 miles, that is, by about 31¼ terrestrial semidiameters.


[Margin: 6th Problem.]



[XXX.] Given a Heavy body which in six hours would reach from the surface of the earth to the center of the earth through a well full of air or water: to investigate its slowness—that is, in how much time it ought to traverse the first pace. I suppose, moreover, that in the Earth's semidiameter are contained 4,139,000 paces. Therefore, by Problem 1, let it be made: as 4,139,000 paces to 1 pace, so the square of 21,600 Seconds (which make six hours), 466,560,000, to the square 112¾; whose nearest square root is 10½. Such a Heavy body, then, would have to consume, in naturally traversing the first single pace (or five feet), about 10½ Seconds—that is, 60 vibrations of our smallest pendulum. But such a body will hardly be found; and among the many experiments made in water, the body scarcely nearest fit for this was an ebony globe, of which [we spoke] at number 15, experiment 9 or 10 in the table; for it, in the time of 7 Seconds, completed 4⅙ feet. But in air this is much more difficult.

(Here ends Chapter XVI. The page closes with a printer's ornament; the catchword "CA-" opens Chapter XVII on p. 398.)


[…continues on p. 398 (PDF 433) with the catchword "CA-" (CAPVT XVII): the next chapter begins.]






Chapter XVII, Whether and How, by the Diurnal together with the Annual motion of the Earth, the reason for the Increment of velocity of Heavy and Light bodies is rendered uniquely, or better—and whether such motion is thereby vehemently confirmed. On which occasion there is a discussion of the Figure which, in the hypothesis of a moving Earth, Heavy and Light bodies describe by their natural motion; and the Argument of Galileo for the motion of the Earth, taken thence, is at last dissolved.

(printed p. 398 — Chapter XVII opens: whether the Earth's diurnal-plus-annual motion better explains the acceleration of falling bodies, and what figure such bodies would describe on a moving Earth. The page surveys Copernican views of the fall-line (Kepler, Gassendi, Galileo, Bullialdus), expounds Bullialdus's two-circle (Tusi-couple) derivation of the apparent acceleration from uniform circular motion, and reports Chiaramonti's three objections against it, the third of which Riccioli begins to dismiss as frivolous.)
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[I.] When the Copernicans saw that, the Earth being moved daily and annually, the line which Heavy bodies describe in descending, and Light bodies in ascending, naturally, cannot really be a straight line perpendicular to the Horizon (such as appears to us), not a few of that sect labored greatly to determine the figure of this line. And Kepler indeed, with no proof added; but Gassendi, by a similitude drawn from the case of a ball dropped from a mover that is meanwhile carried along, judged it to be parabolic, or very nearly akin to a parabola—as we have already set out in chapter 4 of this section, in scholium 2. [3.] But Galileo and Bullialdus taught it [to be] circular, or composed of circulars; and not stopping here, from the motion made through such a line they seemed to themselves to adduce a solid and true cause for which the motion of Heavy bodies appears faster and faster toward the end, and accordingly took thence an argument—at first sight most strong—to confirm the Earth's motion. But we shall sharpen their argument more than they themselves [do], and yet thence we shall twist the wound back into the Copernican hypothesis. It pleases [us], however, to deal first with what Bullialdus devises.


[Margin: Bullialdus's Opinion.]



[II.] Firstly, therefore, Bullialdus, in chapter 4 of his Philolaus, censures the various opinions of those who have tried to bring an a priori cause of the greater and greater velocity of heavy bodies toward the end—but especially [the opinions] of those who take refuge in a greater gravitation, or a second act of gravity—and he says: "Some will have it that the descending body acquires a greater gravity"; which he at once carps at, saying: "A flat and insipid reason, laboring under manifest falsity: for gravity, whatever it ultimately be, follows the mass of matter; and the same [matter] remaining, the same gravity remains." From their opinion, therefore, it would follow that some [bit] of substance could be produced by local motion—which is false. But, as Scipio Chiaramonti rightly answers him (part 1 of the Antiphilolaus, ch. 4), those authors do not understand a new gravity in the first act, acquired through the motion itself, but in the second act—which accordingly not a few call a gravitation, or a downward-translative impetus. Having spurned, therefore, this and the remaining opinions, Bullialdus concludes: "The reason for the acceleration of the motion of falling bodies, therefore, depends wholly on the circular motion which the part must have in common with the whole, and which it would without doubt observe in [its] fall, unless the violence of its [own] state moved it by a violent motion." He thinks, moreover, that this motion comes about through two opposite circular motions, by which the movable is kept—to appearance—in the same straight line, and seems unequal in it, although in reality the individual circular motions are equal. To show which, he employs the demonstration of Copernicus (bk. 3, ch. 4) made for the motion of libration and of the Anomaly of the Equinoxes; which we too set out in bk. 2, ch. 29, no. 10. But here it must be repeated summarily, and applied to this case.


[Margin: Rectilinear motion from two circular [motions].]



[III.] In the following diagram, from center A, describe the circle BKE, and the smaller [circle] CIDL, whose semidiameter AC is subduple [half] of the semidiameter AB; and to the smaller circle let there be equal another circle HGA, whose center F is carried in consequentia [eastward, with the order of the signs] by the periphery of the circle CIDL, from C to I. But meanwhile let some movable on the periphery of the circle AGH be moved with a double-faster motion in praecedentia [westward]—the motion of the center F having begun from C, but [the motion] of the other movable H from B. These things being posited, Copernicus shows that it comes about that, these motions meeting one another in contrary directions, the movable is detained in the straight line AB; and when the center F has completed the semi-quadrant CF, the movable H, which was at B, having completed the quadrant HG, is at G. But when the center F is at I—the quadrant CFI of its circle being now completed—it follows that that movable, the semicircle HGA being completed, is at A. Wherefore, if these motions proceed thus, the movable will be kept in the straight line BAE; and although the motion in it will appear unequal, yet in reality it will be equal in the aforesaid circles. Thus, therefore, the motion of Heavy bodies, which appears to us to be made in a straight line, and faster and faster, is in reality nevertheless composed of two circular—and equal—motions.


[Translator's note — the engraved figure (upper right): center A (the Earth's center); the large circle BKE with B at the top (tower-summit), E at the bottom (antipode), K at left and L at right, the vertical diameter B·A·D·E and horizontal diameter K·A·L; the smaller circle CIDL (radius AC = ½ AB), with C on the vertical above A, D below, I and L on the sides; and the equal circle HGA (center F, on the vertical between A and B), with H and G in the upper region. As F runs eastward along CIDL while the point starting at B runs westward (twice as fast) along HGA, the two equal circular motions compound to drive the falling point straight down the diameter BAE with an apparently accelerating, really uniform-circular, motion — the Ṭūsī-couple device Copernicus used for the libration of the equinoxes.]



[IV.] Chiaramonti, in that chapter 4, disproves this doctrine as ill-applied to this increment of velocity of which we treat.


[Margin: Chiaramonti's arguments against Bullialdus.]



Firstly, that Bullialdus wrongly calls the motion of Heavy bodies downward, toward the center of the Earth, violent—since it is most natural, on the supposition that they are outside their [own] place. Secondly, because he supposes KAL to be the surface of the Earth, and a Heavy body dropped from the tower-top B to have an inclination to the circular motion BHK; but [supposes] the points of the arc HG to resist it, and to be carried toward B with double the velocity with which the Heavy body from B would be carried toward K; from this contrariety, therefore, [he says] it comes about that the Heavy body falls through a straight line perpendicular—to sense—by [its] motion into the Earth A. But the diurnal and annual motions of the Earth are not contrary, since they are toward the same quarter; nor can a motion be feigned resisting the motion of the heavy body, for the air near the earth is not moved in a different direction, but the same; nor does gravity, resisting the circular motion, move through a circle striving against the prior circle.


[Margin: Chiaramonti's double error concerning the velocity of Heavy bodies.]



Thirdly, he objects to him that an excessive speed would follow from such motion. For let the Heavy body be at B, and the tower BA [be] of 10 perches, of which BG is supposed to be a tenth part, that is, of one perch—that is, of 10,000 parts, of which AB (the whole sine) is 100,000; for to the versed sine BG of 10,000 parts there answers the arc BH of 25° 51′. Now, by Archimedes, On the dimension of the circle, the periphery is to the diameter as 22 to 7; therefore, if the periphery BKE, etc., is 360° and the diameter BE is 200,000 parts, the arc BH (which is 25° 51′) will be 45,134 [parts]; and its proportion to BG, set at 10,000 parts, will be greater than quadruple-and-a-half. But now a stone dropped from B traverses the perch BG in a shorter time than two beats of the human artery [pulse]; yet let there be two beats in which the arc BH is revolved by an equal motion (as Philolaus [Bullialdus] will have it)—namely the arc of 25° 51′. The whole circle, therefore, of 360° will be revolved in the time of about 27¾ beats, or nearly 28. But the circumference, whose diameter BE is 20 perches, is most nearly 63 perches; and in a mile there are 333⅓ Cesena perches. Wherefore, if 63 perches are run through in 28 beats, a mile will at any rate be run through by such a movable in 148 beats—that is, in about two minutes of one hour. Wherefore in one hour, by the force of circular motion, it would complete 30 miles, and in one day 820 miles—which monstrous velocity Chiaramonti calls [it], and denies that it suits any flying thing.

But this third impugnation is frivolous, and errs doubly. Firstly, [it errs] in the Copernican hypothesis: for from it, in the motion of birds, besides the motion which appears to us as proper to them and theirs alone, there must also be included the common, circular motion by which they accompany the earth—if they fly toward the East; and so in such a hypothesis they fly past far greater space


[…continues on p. 399 (PDF 434) — the sentence completing "praeteruolant" ("they fly past")—Riccioli's rebuttal of Chiaramonti's speed-objection continues.]





(printed p. 399 — within Chapter XVII. Riccioli finishes rebutting Chiaramonti's "monstrous speed" objection, then gives his own three arguments against Bullialdus: uniform circular fall would strike no harder from a height, the two-circle construction fails to yield the odd-number increment (shown by a comparison table), and it cannot explain rising light bodies. The page then begins Galileo's demonstrations from the Dialogo that the fall-line on a rotating Earth is circular — a semicircle terminating at the Earth's center.)
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…than what appears to us. Let it suffice for Bullialdus if, as to the apparent motion, only 10 perches seem to be traversed. Next, he [Chiaramonti] errs absolutely when he says that a passage of 820 miles made in one day is incredible and monstrous; for it is far less than the velocity which would really suit a stone, if it were dropped from so great a height that one day were required to traverse it: for from what was shown in chapter 16, number 24, Theorem 3, and number 26, Problem 2, a clay globe of about one pound would traverse 30,662 Italian miles in one hour, and in 24 hours 17,661,212 miles—which is far more wonderful, and yet truer.


[Margin: Our arguments against Bullialdus.]



[V.] Bullialdus, therefore, must be assailed otherwise than by that third argument. And firstly indeed: if in equal times any heavy body really completed equal spaces in its circle, it would strike the earth with no greater impetus when dropped from a high place than from a low one—which is against the most manifest and very many experiments, indicated in chapter 16 from number 6. Secondly, from the motion ordered through the two aforesaid circles, there does not follow the increment of velocity which manifestly appears in the natural motion of heavy bodies—which we showed (chapter 16, nos. 11 and 12, and drove home at no. 24, Theorem 3) to be according to the odd numbers counted from unity. That this does not follow is easily demonstrated: for, by Bullialdus, the Heavy body B reaches A when the circle CFD, proceeding by equal motion in consequentia together with the circle BKE, has completed a quadrant—for then the movable on the circle HGA has completed a semicircle in praecedentia. Now let the whole time of descent be distributed into four equal parts; for in the first time the outermost point H of the diameter AFH will complete a fourth part of the quadrant, namely 22° 30′—which suppose to be contained in the arc BH; its versed sine BG, therefore, will be 76 parts, of which the whole sine AB is 1000. But at the end of the second time it will complete 45°, whose versed sine is 293; and at the end of the third time it will complete 67° 30′, whose versed sine is 617; and at last, at the end of the fourth time, it will complete the quadrant BHK, whose versed sine AB is the same as the whole sine, of 1000 parts. Now let the first versed sine be subtracted from the second, the second from the third, and the third from the fourth; there will remain the spaces completed in each of the four times, as you see in the first column of the following table.




	Spaces completed separately [by Bullialdus's circles]
	Spaces that ought to be completed separately [by the true law]
	The odd numbers





	76
	76
	1



	217
	218
	3



	324
	380
	5



	383
	532
	7






[Translator's note: in the middle column the second value is printed "218," but by the odd-number rule (first space = 76, the rest as 1 : 3 : 5 : 7) it should be 228 (= 76 × 3); the 380 (= 76 × 5) and 532 (= 76 × 7) confirm the pattern, so "218" is a misprint. Riccioli's argument is unaffected.]



But according to the increment of the odd numbers, which is due to the velocity of heavy bodies—if the space of the first time is 76—the spaces of the other times ought, separately, to be as you see in the second part of the table. Although, therefore, the space of the second time completed by the force of Bullialdus's circles is most nearly equal to the space that ought to be completed, yet the third, and much more the fourth, falls short of the space due to the increment of velocity. Wherefore, since a clay globe—by our experience, as I said in chapter 16, no. 12—completed 240 Roman feet in four Seconds of time, and 15 feet in the first Second, if Bullialdus's reasoning held, it would not have completed, at the end of the fourth Second, except 76 feet. Which is absurd, and contradicts the most evident experiments. Thirdly, Bullialdus cannot, by the aforesaid circles, render the reason for the increment of velocity of Light bodies upward—such as purer air and fire—because these are not carried toward the center of their whole, but toward the circumference.

Let us therefore hear Galileo, who, by a single circular motion, is believed to have come nearer to the truth.

Galileo's Demonstrations, by which he tried, in the hypothesis of a moving Earth, to bring a Reason for the Increment of velocity of Heavy bodies


[Margin: Galileo's doctrine of the line described by the motion of heavy bodies.]



[VI.] Galileo, in the Dialogue on the two Chief World Systems (from Italian page 157, but page 119 of the Latin version), pronounces the following propositions under the person of Filippo Salviati.


[Margin: 1st Proposition of Galileo.]



The First is: If the straight motion of heavy bodies toward the center of the earth appeared uniform, since the circular motion of the earth toward the East is posited (and itself uniform), then from both motions composed there would result a spiral line—one, namely, of those which Archimedes defined in his book On Spirals; and he said it comes about when a point is moved uniformly along a straight line, [that line being] uniformly carried around about one of its ends [as] fixed, as the center of the revolution. But since the apparent motion of heavy bodies is uniformly difform and is continually accelerated, it is necessary that the line described from this and the diurnal motion of the earth composed should recede successively, by an ever-greater proportion, from the circumference of that circle which the center of gravity would have described if the stone had remained at the top of the tower; and moreover that this recession at the beginning be slight and least, because the heavy body passes from rest—that is, from privation of downward motion—and enters into downward motion, and so necessarily passes through all the degrees of slowness lying between rest and any velocity whatsoever, which he had earlier concluded to be infinite.


[Margin: 2nd Proposition of Galileo.]



Secondly, since the natural descent of heavy bodies from the top of the Tower to the center of the earth is borne of itself, as to its terminus, he says it necessarily follows that the line of the composite motion recedes thus from the periphery of the circle described from the top of the tower, by an ever-greater proportion, yet so that it terminates at the center of the earth.


[Margin: 3rd Proposition of Galileo.]



[VII.] Thirdly, he affirms (Italian page 160, Latin 121) that the aforesaid line is circular, or supremely near to circular—because in it the conditions prerequired in the 1st and 2nd proposition are preserved. Which circular line he teaches to be designated thus, on the preceding page. Let A be the center of the earth, from which, with the interval of the semidiameter BA, let the quadrant BIM, etc., of the terrestrial periphery be described. Let there be, besides, the tower BC, whose vertex C, about the center A, describes a quadrant of a circle toward the same quarter—namely the East, toward which the earth is moved by its rotation. Now let the whole interval AC be bisected at E, and from center E, with interval AE, let the semicircle AIVC be described. "Through this," says Galileo, "I now affirm that it can be believed, with sufficient probability, that a stone falling from the top of the tower C is moved by a motion composed of the common circular and its own straight [motion]." For if on the circumference CD some equal arcs be marked—namely CF, FG, GH, HL, LD—and from center A straight lines AF, AG, AH, AL, AD be drawn to the ends of the aforesaid arcs, the portions of these lines intercepted between the two circumferences CD and BI—namely OF, PG, QH, RL, ID—will always represent to us the same tower CB, carried in a circle by the rotation of the terrestrial globe toward D; through which [positions] the stone, by its fall, will seem to descend by a rectilinear motion to us—who, stationed at the foot of the tower B, are carried through the arc BI into the same quarter by a common and equal motion. Moreover, the portions of the aforesaid lines, intercepted between the periphery CD and CI [the semicircle]—namely FS, GT, HV, LX, DI—will be the spaces apparently completed downward by the stone at the end of each [equal] time; and the places in which the stone will be found at the end of those


[Translator's note — the engraved figure (lower right): center A (the Earth's center, lower right); the inner terrestrial quadrant B·I·M (B at right, M at bottom) of radius AB; the tower B·C standing on it; the outer arc C·F·G·H·L·D (the circular path of the tower-top C, swept eastward by the Earth's rotation) divided into equal arcs CF, FG, GH, HL, LD; radial lines A·F, A·G, A·H, A·L, A·D cutting the inner periphery at O, P, Q, R, I (so OF, PG, QH, RL, ID are successive positions of the tower); and the fall-semicircle on diameter AC (center E, the midpoint of AC) passing through C, S, T, V, X, … , I, A — the curve the falling stone traces, with FS, GT, HV, LX, DI the apparent fall-distances at the ends of the successive equal times. This is Galileo's celebrated "fall along a semicircle" figure.]

[…continues on p. 400 (PDF 435) with the catchword "illo-" (illorum): "…of those [times]"—the rest of Galileo's semicircular-fall construction.]





(printed p. 400 — within Chapter XVII. Galileo's semicircular-fall demonstration concludes with his "admirable" fourth proposition: the stone's real motion is uniform and circular, so the acceleration is mere appearance. The objections then begin: Chiaramonti's is dismissed as fallacious, but Riccioli and Grimaldi open more solid ones — the harder blow from a height proves the acceleration real, and unequal fall of unequal bodies is incompatible with a single semicircular path.)
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…of those times, will be S, T, V, X, I—which points always recede from the periphery CD by an ever-growing proportion; and so the motion of the stone appears to us to be more and more accelerated; and at last this motion is understood, if nothing resisted, to be terminated at the Earth's center A, the semicircle CIA being completed.


[Margin: 4th Proposition of Galileo.]



[VIII.] Fourthly, Galileo affirms (Ital. p. 159, Latin 120) that the natural motion of the stone is in reality circular—although it appears to us straight, and indeed [moves] through the simple circumference of a single circle. Add to this that this movable completes, in falling, no greater space than if it had remained at the top of the tower C: since the whole arc CD, which it would have described by remaining at the tower's summit, is precisely equal to the arc CI which it completes in falling—just as, severally, the arc CF is equated to the arc CS; the arc FG to the arc ST; the arc GH to the arc TV; the arc HL to the arc VX; and the arc DL to the arc XI. From which follows the third member of this proposition, which he himself calls admirable: namely, that the true and real motion of this stone is not accelerated, but is in reality equal and uniform—though it appears to us unequal—since to the equal times in which the tower-top C is moved (marked by the equal arcs CF, FG, GH, HL) there answer the real equal spaces CS, ST, TV, VX, XI.

"Which fact," Galileo adds, "frees us from the labor of investigating the causes of the acceleration of this motion: since the movable, both in standing above the tower and in falling, is always moved in the same way—that is, circularly, with the same velocity and uniform tenor." That the aforesaid arcs are equal among themselves is most readily demonstrated by drawing the line EI from center E. For the semidiameter AC of the circle CD is, by construction, double the semidiameter EC of the circle CIA; therefore both the whole circumference of the former to the whole of the latter, and quadrant to quadrant, and any arc of the greater circumference to any similar arc of the lesser, have a double proportion [ratio 2 : 1]—for the circumferences of circles are to one another as their diameters, by theorem 5, book 11 of the Collections of Pappus of Alexandria. Wherefore any half-arc of the circumference CD is equal to a similar arc of the lesser circumference CI. Now the angle CEI, standing at the center E, is double the angle CAD—which stands at the circumference of the lesser circle, but at the center of the greater—by Euclid III.20; therefore the arc CI, on which the angle CEI stands, is double the arc CD, on which the angle CAD stands; therefore CD is the half of the greater circle's arc similar to the arc CI, and accordingly the arc CD is equal to the arc CI. And by the same reasoning, drawing straight lines from E to the points S, T, V, it will be proved that the arc CF is equal to the arc CS, the arc CG to the arc CT, and the arc CH to the arc CV; wherefore, since the arc CD is divided into the aforesaid equal arcs, FG will be equal to the arc ST, the arc GH to the arc TV, the arc HL to the arc VX, and the arc LD to the arc XI—which was to be demonstrated.

These things accomplished, Galileo concludes (p. 160, but Latin 121) in these words: "Although I would not now say that, as to the motion of descending heavy bodies, the matter stands precisely thus; yet this certainly I affirm: if the line described by the falling body is not exactly this very one, it is nevertheless supremely near to it." Now let us see the objections—one indeed of Chiaramonti, the rest our own—against Galileo.


[Margin: Chiaramonti's objection against Galileo. — But fallacious.]



[IX.] For Scipio Chiaramonti, in the Italian defense of his Antitycho (part 4, ch. 10), objects to Galileo that it is impossible for a stone in falling to move through the circumference CI and yet represent to us a motion made through a straight perpendicular line; and [he says] whoever should say otherwise commits a very great error in Mathematics. For, assuming the arc CI [to be] of one Italian mile, the height of the tower BC [being] 50 paces, he shows that that arc would have a declination from the horizontal line six times smaller than channels suitable for turning mill-wheels commonly have. But Chiaramonti is surely deceived: for Galileo never said that the arc CI itself, or its parts, represents to us—by itself or through its little portions, however small—a straight perpendicular line; which, had he said it, Chiaramonti's objection would be valid. But he said that, in the hypothesis of diurnal rotation, a stone falling from a tower is, in every instant of its motion, at such a point of the circumference CI that a straight line drawn from the tower-top (or the terminus from which it fell) through the stone falls upon the same point of the earth on which, at the beginning of the fall, it stood perpendicularly—because the tower-top and that point of the earth are moved uniformly toward the East by circular motion; and so, our eye remaining in that place of the earth (and consequently carried along with the earth), the motion appears to be made through a straight perpendicular line.

Chiaramonti, therefore, being dismissed, let us come to more solid objections, devised partly by us, partly by Fr. Francesco Maria Grimaldi, with whom I have often been wont to discuss this hypothesis.


[Margin: The objections of ourselves and Fr. Grimaldi against Galileo.]

[Margin: 1st Objection. — The inequality of impetus argues an inequality of the motion really made.]



[X.] Firstly, then, I say what I adduced against Bullialdus: if the motion of naturally falling heavy bodies were in reality equal, and only seemed unequal through deception of the eye, [then it would] fall with no greater impetus from a higher place than from a lower; and accordingly those innumerable effects would not follow which follow from the more vehement percussion of bodies falling from a higher place—some of which we reviewed in chapter 16 from number 6. Since, therefore, touch itself and hearing evidently discern that greater percussion, it cannot be said to be a mere appearance and a mockery of the senses; but that greater percussion necessarily, naturally, presupposes a greater impetus, and a greater impetus a greater real increment of velocity. They are not, therefore, moved equally, but with greater and greater real velocity.


[Margin: 2nd Objection. — Heavy bodies descending unequally through the same circle would not always appear in the same straight [line].]



[XI.] Secondly, by most evident experiments before many most trustworthy witnesses—set out in chapter 16, number 13, and deduced into various corollaries at number 14—it is established that, if two heavy bodies of different weight are let fall together from the same altitude, the heavier descends faster: whether it be heavier both in the individual and in species (as there at corollary 4); nay, even if it be heavier in the individual but equally heavy with the other in species (as at corollary 2); or if it be heavier in species but equally heavy in the individual. But, lest any place be given for evasion, I shall choose this last case, of which (in the same chapter, no. 13, experiment 12) I related that a wooden globe of 2½ ounces, let fall together from the cornice of the Asinelli tower at Bologna with a lead globe likewise of 2½ ounces, was 40 feet (or 8 paces) from the pavement of the same tower's base when the lead [globe], now striking the pavement, had measured a height of 280 feet (or 56 paces); and so the wooden one had completed, in the same time, only 48 paces. From which, by the second example of Problem 5 (in the same chapter 16, no. 29), I deduced that if such globes were let fall from a height of 929,210 Italian miles, it would come about that at the end of 6 hours the lead would strike the earth, and then the wooden would still be 129,530 miles from the earth—that is, most nearly 31¼ terrestrial semidiameters. Experiments of this kind, and similar ones, cannot be saved by the motion of heavy bodies in the circle determined by Galileo, or [in one] insensibly differing from it. For, the figure of number 7 being repeated: if both globes are let fall together from the tower-top C, and each must reach the earth's center A through the semicircular periphery CIA, it is necessary that each globe, at every same moment of the time during which the motion lasts, appear—nay, really be—at the same point of the same periphery; and so, when the lead is at S, let the wooden too be at S, and there it would appear to our eye remaining at O; and when the lead is at T, let the wooden too be there; and when the lead has struck the surface of the earth at I, there too let the wooden be and strike the earth. Otherwise, if the wooden were not at the same points of the same periphery, but of another, greater one, drawn however through the vertex C, this circular line would not terminate at the center of the earth, but at another point below that center—which is against the nature of heavy bodies, and against Galileo's 2nd proposition, of which I spoke at no. 6. But if the wooden globe had been, during the whole time of the motion, at the same points of the same periphery in which the lead was, it would have descended with precisely equal velocity, and would not have been a whole 40 feet from the earth—which is against the most evident experiment. Hence Fr. Grimaldi suspected that Galileo, in that same 2nd Dialogue on the world-system, therefore denied that, of two heavy bodies (however different in weight) let fall together from the same terminus, the heavier reaches the earth sooner—lest, namely, this should harm this his motion of heavy bodies through the aforesaid circle. But perhaps the occasion for denying it was that he used two globes of the same species, but of different weight and different bulk, in which the difference of descent and of percussion is far


[…continues on p. 401 (PDF 436) with the catchword "nor" (minor): "…[far] smaller"—the rest of Riccioli's second objection.]





(printed p. 401 — within Chapter XVII, continuing the objections to Galileo's circular fall. The second objection closes (unequal bodies cannot share one semicircle); the third shows the circle saves only equatorial, six-hour falls, Galileo himself conceding to Scheiner cones and cylinders off the Equator; the fourth shows the annual motion makes the path grossly non-circular; and the fifth begins demonstrating that even with diurnal motion alone the true fall-line lies inside Galileo's semicircle, else the squares-of-times law would fail.)
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…[far] smaller than in other comparisons; nor does it betray itself evidently unless they are dropped from a notable height—but Galileo did not use a height greater than 100 cubits, as he testifies in the same dialogue.


[Margin: An escape is shut off to Galileo.]



Nor may you say that that inequality can be defended [explained away] if the wooden globe is carried around through another periphery insensibly greater than the periphery CI; for if it were so, then both globes would have struck the point I at sensibly the same moment, and the difference of interval would not have been so sensible as to amount to 40 feet. Moreover, if each globe were dropped from a height of 929,210 miles, and the medium were of the same density as the air near us (and were not consumed by heat conceived from the motion, or dissipated before its arrival at the earth), then, when the lead, 6 hours having elapsed, had reached the earth's center A, the wooden one would be distant from the center A by 31¼ terrestrial semidiameters, as I showed at chapter 16, number 29, at the end. Which difference is very notable.


[Margin: 3rd Objection. — The descent of heavy bodies is not everywhere of the same character.]



[XII.] Thirdly, the motion of heavy bodies through the circle assigned by Galileo is unfit to save the greatest part of the motions by which heavy bodies naturally descend: both because it saves only the motion of heavy bodies descending along the plane of the Equator, and because it does not save even one hour's motion of all [bodies], but only of those which—on account of their lightness, or defect of greater gravity—are so slow that they cannot reach the center of the earth except in the time of 6 hours; of which scarcely any can be found, if the descent must be made through air; but if through water, very rare are heavy bodies of this kind that descend so slowly—such, however, is a globe of rarer ebony let fall through water, as appears from the problem which I delivered to this end in chapter 16, number 30. But by far the most heavy bodies, in number and species, neither descend along the plane of the Equator, nor are so slow that for the passage of a terrestrial semidiameter (or 4139 miles) they require 6 hours, as appears from what was said in chapter 16, no. 25, example 3, and number 30.

I said, firstly, that the motion of heavy bodies is not saved unless they descend along the plane of the Equator—and so unless the tower from which the stone falls is on the Equator itself; because Galileo's demonstration adduced at numbers 7 and 8 requires that the circle CIA, through whose periphery the stone is carried, be in the same plane in which are both the earth's center A and the tower-top C, and so the circle CD described from that same tower-top by the force of the diurnal rotation (as is manifest from the construction of the figure and the hypothesis on which that demonstration rests); and this cannot happen unless that tower is on the Equator. For if it is outside it, under the poles, the descent of the stone will in reality be along a straight line, and so not through a circle; but if [it is] on some parallel to the Equator, one parallel will be described by the tower-foot B, another by the tower-top C; and moreover the plane of neither will be in the plane in which is the center of the earth, but in a far different plane. Moreover, Galileo himself, in that 2nd Dialogue (Ital. p. 237, Latin 179), when he answered the instances of our [Father] Scheiner, acknowledged that this line is not circular except on the Equator, but under other parallels describes a conical surface—being prompted, namely, by that question of Scheiner which is found in the Disquisitions, p. 31, and is of this kind: "Why does the center of a sphere dropped under the Equator describe a spiral in its plane? under other parallels, a spiral on a cone; under the pole it descends in the axis as a gyral line running on a cylindrical surface?" To whom he answers in these words: "Because, of the lines drawn from the center to the circumference of the sphere (along which, namely, heavy bodies descend), that one which terminates at the Equinoctial designates a circle; but those which terminate in other parallels describe conical surfaces; and the axis, finally, describes nothing else, but remains in its own being." Wrongly, therefore (p. 121 Latin, but Italian 160), did he universally—or indefinitely—define this line to be circular; nor did he correct this his statement, as he ought, having forgotten (I believe) what he had said.


[Margin: Galileo does not correct his statements, where, from what he himself concedes, he ought.]



I said, secondly, that not even under the Equator is the motion of heavy bodies saved, unless they be so slow that their arrival at the center of the earth (if access there were given through a well full of air or water) requires precisely 6 hours. Because, for Galileo's demonstration to hold (of which at nos. 7 and 8), it is necessary that the semicircumference CIA, through which the heavy body is carried, be equal to the quadrant CD, etc., which the tower-top C describes by the force of the diurnal rotation; and so that, when the heavy body from C, through I, reaches the earth's center A (the semicircle CIA being completed), the tower-top C should meanwhile have completed a quadrant of the diurnal rotation, that is, in 6 hours. Otherwise, if the heavy body reaches A either faster or slower than in 6 hours through the arc CIA, the whole demonstration of Galileo collapses. Since, however, these two conditions can really be conjoined at once—namely, that the place from which the heavy body is dropped be on the Equator, and be of such slowness that it requires 6 hours to traverse the earth's semidiameter—hence we shall draw a most strong argument against the diurnal motion of the earth, and so against the annual (which does not stand without the diurnal); and it is what follows.


[Margin: 4th Objection. — Nowhere does a heavy body descend through a circle, if the annual motion be admitted.]



[XIII.] Fourthly: not even on the Equator—even if a heavy body were such that in 6 hours it would reach the center of the earth—is it true that the line described by it is circular, or differing insensibly from a circular one, unless the motion of the Earth be diurnal simply, about its own immobile center. But if the center of the Earth be moved, as Galileo wishes with Copernicus, by the annual motion, the line of the said movable will not be circular, but in mundane space will describe a line very different from a circular one—as appears, because while in one hour, by the force of the diurnal motion, it ought to describe 15 degrees of the circular line, meanwhile the center of the Earth is moved forward in the Great Orb [by] 2′ and 3″ [≈ 2′ 30″], which, however, are far greater than 15 degrees of the terrestrial circumference—even if the great orb be not so great as the distance of the Sun from us, found in bk. 3, ch. 7, requires, but [only] as the Copernican distance: that is, if its diameter be only 2284 terrestrial semidiameters, or 1142 terrestrial diameters. For it follows that the circumference of the great orb to the circumference of the terrestrial globe is as 1142 to 1, since circumferences are to one another as their diameters, by theorem 5 of Pappus of Alexandria, Mathematical Collections book 11; therefore also one degree of the great orb to one degree of the terrestrial circumference is as 1142 to 1. But 2′ 30″ are the 24th part of one degree; wherefore, 1142 being divided by 24, there will result 47 7/12. The Great Orb [-motion], to one degree of terrestrial circumference, is as 47 7/12 to 1; but to 15 terrestrial degrees, as 47 7/12 to 15—that is, of a proportion greater than triple. Wherefore in one hour, by the force of the annual motion alone, the said heavy body completes, in mundane space, a space more than triple greater than it would complete by the force of the diurnal motion in the terrestrial circumference. But if the diameter of the Great Orb is, according to us, of 7300 terrestrial diameters, these divided by 24 make 304¼; and so the space completed in one hour by the force of the annual motion will be to the space completed by the force of the diurnal motion as 304¼ to 15—that is, twentyfold and more greater. Since, therefore, the circumference of the Great Orb is not parallel to the terrestrial circumference, but so passes through its center that, on account of the inclination of the Equator to the Ecliptic and the parallelism of the Equator with itself, a heavy body following the motion of the center and circumference of the earth is perpetually in different planes, and the portion of the great orb answering to one hour is triple—nay, twentyfold—greater than the portion of the terrestrial circumference answering to one hour: it is necessary that the line composed from both motions be remarkably different from a circular one; and much more if the motion lasts for 6 hours.


[Margin: 5th Objection. — No heavy body descends through a circle, even granting the diurnal motion alone.]



[XIV.] Fifthly, I say also: even if some Heavy body descended on the Equator from the surface to the center of the earth in precisely 6 hours, and the Earth were moved only by the diurnal motion, still the line described by it would not be circular, but would fall within the semicircle's periphery. Otherwise the apparent increment of velocity would not be in progression according to the squares of the times—whereas it is so, not only by our experiments, but also by Galileo's experiments and confession. That this may be made manifest, let the figure set out at number 7 be repeated here, and let the quantities of the spaces FS, GT, HV, etc.—completed by the heavy body in equal times, until the tower-top C has completed an entire quadrant in 6 hours, and the heavy body an entire semicircle CIA—be investigated: for the aforesaid spaces will be found to fall short, more and more, of the quantity necessary that they keep the proportion with the squares of the times.


[Margin: Method of finding the spaces completed by a heavy body, if it descended along a circular line.]



Moreover, the method of inquiring into the quantity of the aforesaid spaces will be most briefly declared by an example. Let the first assumed arc FC be of one degree, which the earth by the diurnal motion completes in 4 minutes of an hour; for the arc CS, intercepted between the same lines AC, AF, will be double as to the number of degrees (by what was demonstrated at number 8)—that is, of 2 degrees. Therefore the complement [to


[…continues on p. 402 (PDF 437) with the catchword "ad": "…to [a quadrant]"—the rest of the worked construction showing the semicircular fall-line fails the squares-of-times law.]





(printed p. 402 — within Chapter XVII, the heart of the fifth objection. Riccioli completes a trigonometric demonstration that Galileo's semicircular fall-line cannot obey the squares-of-times law: the circle's successive segments fall short of the required proportion, so the true fall-line must recede inward from the semicircle toward the diameter. A large table compares, for each step of arc, what the circle yields against what the squares-law demands, the divergence growing to impossibility at the center.)
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…to a semicircle—namely the arc SIA—it will be of 178 degrees, and its half of 89 degrees, whose right sine is 99,984½ (of such parts as the radius EC is 100,000; but the diameter, or greatest of the chords, AC, is 200,000). That sine doubled will give the chord AS of 199,969 parts, which, subtracted from the radius of the quadrant AC—that is, from AF—of 200,000 parts, will leave the segment FS of 31 parts. In the same way, if the arc CG be of 2 degrees, CT will be of 4 degrees, and TIA of 176 degrees, and its half of 88 degrees, whose right sine is 99,939; doubled, it will give the chord AT of 199,878; and this, subtracted from the whole radius AG, will leave the space or segment GT of 122 parts. And so of the rest.

Now, if the space FS of 31 such parts be taken as the first—and as 1—and as the space traversed by the heavy body in the first time (or first 4 minutes of an hour), then the space GT, traversed at the end of the second of the equal times, ought to be to the space FS as 4 to 1: for the square of the unity ascribed to the first time is 1, but the square of the binary ascribed to the second time is 4. Let it therefore be made: as 1 to 4, so 31 to another [number], and there will be found not the 122 parts which we said are in the space GT, but 124 parts. Wherefore, since GT—if the proportion due to the squares of the times be preserved—is greater than that which arises from the circular line, it is necessary that the line which the descending heavy body describes (while preserving the said proportion), if the earth be moved by the diurnal motion alone, recede inward from the line CIA, ever more toward the diameter AC—although it will at last pass through the center A.

But lest anyone think that this difference, which at the beginning is slight, is also slight and to be despised in the progress—and accordingly that that line is insensibly different from a circular one—let him inspect the following table, whose explanation (to be sought from what was just said) will be subjoined after it.

Table — for each arc of the semicircle: the chord (of which the greatest is 200,000); its complement to the greatest chord (the segment the circle yields); the square number (to be multiplied by 31); and the space due by the proportion of the square numbers (= 31 × the square):




	Arc of semicircle (°)
	Chord
	Complement [circle's segment]
	Square no.
	Space due (31 × sq.)





	178
	199,969
	31
	1
	31



	176
	199,878
	122
	4
	124



	174
	199,725
	275
	9
	279



	172
	199,512
	488
	16
	496



	170
	199,238
	762
	25
	775



	168
	198,904
	1,096
	36
	1,116



	166
	198,509
	1,491
	49
	1,519



	164
	198,053
	1,946
	64
	1,984



	162
	197,537
	2,462
	81
	2,511



	160
	196,962
	3,038
	100
	3,010



	158
	196,305
	3,695
	121
	3,751



	156
	195,629
	4,371
	144
	4,464



	154
	194,874
	5,126
	169
	5,239



	152
	194,059
	5,941
	196
	6,076



	150
	193,185
	6,815
	225
	6,975



	148
	192,252
	7,748
	256
	7,936



	146
	191,260
	8,740
	289
	8,959



	144
	190,211
	9,789
	324
	10,064



	142
	189,103
	10,896
	361
	11,191



	140
	187,938
	12,062
	400
	12,400



	138
	186,716
	13,284
	441
	13,671



	136
	185,436
	14,564
	484
	15,004



	134
	184,100
	15,900
	529
	16,399



	132
	182,709
	17,291
	576
	17,856



	130
	181,261
	18,739
	625
	19,375



	128
	179,758
	20,242
	676
	20,956



	126
	178,201
	21,799
	729
	22,599



	124
	176,589
	23,411
	784
	24,304



	122
	174,923
	25,076
	841
	26,071



	120
	173,205
	26,795
	900
	27,900



	118
	171,433
	28,567
	961
	29,791



	116
	169,609
	30,391
	1,024
	31,744



	114
	167,734
	32,266
	1,089
	33,759



	112
	165,807
	34,193
	1,156
	35,836



	110
	163,830
	36,170
	1,225
	37,925



	108
	161,803
	38,196
	1,296
	40,176



	106
	159,727
	40,273
	1,369
	42,439



	104
	157,602
	42,398
	1,444
	44,764



	102
	155,429
	44,571
	1,521
	47,151



	100
	153,208
	46,792
	1,600
	49,600



	98
	150,942
	49,058
	1,681
	52,111



	96
	148,628
	51,372
	1,764
	54,684



	94
	146,270
	53,730
	1,849
	57,319



	92
	143,877
	56,123
	1,936
	60,016



	90
	141,421
	58,579
	2,025
	65,775



	88
	138,931
	61,069
	2,116
	65,596



	86
	136,399
	63,601
	2,209
	68,479



	84
	133,826
	66,174
	2,304
	71,424



	82
	131,211
	68,789
	2,401
	74,431



	80
	128,557
	71,443
	2,500
	77,500



	78
	125,864
	74,136
	2,601
	80,631



	76
	123,132
	76,868
	2,704
	83,824



	74
	120,363
	79,637
	2,809
	87,079



	72
	117,557
	82,443
	2,916
	90,396



	70
	114,715
	85,285
	3,025
	93,775



	68
	111,838
	88,162
	3,136
	97,216



	66
	108,827
	91,173
	3,249
	100,719



	64
	105,984
	95,016
	3,364
	104,284



	62
	103,007
	96,993
	3,481
	107,911



	60
	100,000
	100,000
	3,600
	111,600



	58
	96,962
	103,038
	3,721
	115,351



	56
	93,894
	106,106
	3,844
	119,164



	54
	90,798
	109,202
	3,969
	123,039



	52
	87,674
	112,326
	4,096
	126,976



	50
	84,524
	115,476
	4,225
	130,975



	48
	81,348
	118,652
	4,356
	135,036



	46
	78,146
	121,854
	4,489
	139,159



	44
	74,922
	125,078
	4,624
	143,344



	42
	71,674
	128,326
	4,761
	147,591



	40
	68,404
	131,596
	4,900
	151,900



	38
	65,114
	134,886
	5,041
	156,271



	36
	61,804
	138,196
	5,184
	160,704



	34
	58,474
	141,526
	5,329
	165,199



	32
	55,128
	144,872
	5,476
	169,756



	30
	51,764
	148,236
	5,625
	174,375



	28
	48,384
	151,616
	5,776
	179,056



	26
	44,990
	155,010
	5,929
	183,799



	24
	41,582
	158,418
	6,084
	188,604



	22
	38,162
	161,838
	6,241
	193,461



	20
	34,730
	165,370
	6,400
	194,000



	18
	31,286
	168,714
	6,561
	203,391



	16
	27,834
	172,166
	6,724
	208,444



	14
	24,374
	175,626
	6,889
	213,559



	12
	20,906
	179,094
	7,056
	218,736



	10
	17,431
	182,569
	7,225
	223,975



	8
	13,951
	186,049
	7,396
	229,276



	6
	10,468
	189,532
	7,569
	234,639



	4
	6,980
	193,020
	7,744
	240,064



	2
	3,490
	196,510
	7,921
	245,551



	0
	0
	200,000
	8,100
	251,100






[Translator's note — the table's internal relations: column 3 (the circle's segment) = 200,000 − column 2 (the chord); column 5 (the space the squares-law demands) = 31 × column 4 (the square number, running 1², 2², … 90²). A few of the source's printed values carry evident typesetting slips against these relations — e.g. at arc 160°, 3,010 should be 3,100 (= 31 × 100); at 90°, 65,775 should be 62,775 (= 31 × 2,025); at 20°, 194,000 should be 198,400 (= 31 × 6,400); at 64°, the complement 95,016 should be 94,016 (= 200,000 − 105,984). The argument is unaffected: at the center (arc 0°) the circle has the body at A (segment 200,000), whereas the squares-law would demand 251,100 — beyond the diameter, hence impossible.]

[Margin: Look at the preceding figure.]



Now, for the explanation of the preceding table, note in it how—the quadrant CD, etc., being divided into 90 degrees, and the semicircle CIA likewise into 90 pairs of degrees—I traced the chords of the complements to the semicircle, which are contained in the second column, and the segments intercepted between the semicircle CIA and the quadrant CD, etc., which are had in the 3rd


[…continues on p. 403 (PDF 438) with the catchword "co-" (columna): "…column"—the rest of the table's explanation and Riccioli's conclusion.]





(printed p. 403 — within Chapter XVII. The table's explanation concludes: the semicircle increasingly falls short of the squares-law. A sixth objection follows: Galileo's uniform circular fall requires an immobile Earth-center, yet his own tide theory makes the Earth's composite motion unequal — he contradicts himself. A seventh objection then opens a "triple figure": the first (a polar drop) shows that with the annual motion added the real fall-line is a curved, non-planar path, neither circle nor ellipse.)
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…column. In the Fourth column is a continuous series of square numbers, begun from unity, by which—multiplying the first space FS of 31 parts—there come forth the spaces, or segments, due, if the proportion of the squares be preserved. For you will see that, at the end of the quadrant from the vertex C (completed in 6 hours), the space completed by the heavy body ought to be of 251,100 parts; and yet, if the heavy body must descend through the semicircle CIA, it cannot be except 200,000—as great, namely, as AC; and at the end of the other times too, that proportion falls short more and more—whereas it ought either to be preserved, or rather to grow.


[Margin: Objection — the motion of heavy bodies is not really equal, therefore not circular either.]



[XV.] Sixthly, the demonstration of the equal motion of the aforesaid heavy body—namely [one] descending on the Equator so slowly that it requires 6 hours to reach the center of the earth—which we adduced from Galileo at number 8, does not hold, unless the tower-foot B and the vertex C (that is, the circumference of the terrestrial globe) be supposed to be moved equally, and A, the center of the Earth, to be immobile. But if, besides the diurnal motion, the annual motion of the center be also added to the Earth, Galileo judges that the composite motion of any heavy body following the motion of the earth is really unequal—now slow, now fast—which he thinks so true in this hypothesis that, upon the inequality of the earth's motion (composed of diurnal and annual), Galileo founded the cause of the sea's tide, as we already saw in chapter 14, from number 4.


[Margin: Galileo's self-contradictions.]



Galileo therefore contradicts himself, while he attributes a real equality to the motion of such heavy bodies, which he does not even concede to the earth. And granting that this inequality is not that which we experience in the apparent motion of heavy bodies, yet in its place another inequality, unknown to sense, is substituted, in order to take away that which is manifest to sense—which is a greater incongruity.


[Margin: 7th Objection.]



[XVI.] Seventhly, Galileo errs while he pronounces, universally or indefinitely, that the line which heavy bodies describe by natural descent is, in the Copernican hypothesis, circular, or very near to it. For this is not true even in the plane of the Equator, where it ought most of all to be verified, as will appear from what has been said hitherto and is to be said; but it is much less true outside the Equator. That we may show this to the Reader, we shall set forth a triple figure, by which we shall sketch this line as best we can: for we cannot represent, in the one plane of this page, the diversity of planes through which, in this hypothesis, heavy bodies are borne in descending, nor preserve the due proportions, on account of the narrowness of the leaves. Hence, however, you will better learn the things which Scheiner very lightly indicated, concerning the line of this motion on a cylindrical or conical surface, in the Mathematical Disquisitions, p. 31; and at his prompting Galileo conceded [it], as we have already said at number 12.


[Margin: First figure, for a Heavy body's descent in a parallel sphere.]



The First figure is for a heavy body dropped perpendicularly above one pole of the terrestrial Equator, a spectator of this descent being imagined in a parallel sphere [i.e. at the pole]. Let ABCD be the Ecliptic, or Great Orb, carrying around—by the annual motion—the center of the Terrestrial globe from A, through B, toward the Eastern quarter C, and from C, through D, to A, the Western quarter. For as the axis of the terrestrial ecliptic, by its annual revolution, describes its own cylinder, so also the axis of the Equator describes its own, but inclined to the ecliptic's cylinder. Let the Earth now be understood as ILRP, its center translated along the Great Orb from the point K to the points V, B, X, Y, at the interval of four equal times—to which times answer the equal arcs of the Great Orb, KV, VB, BX, XY. And let the terrestrial Equator be IR, its axis LP, and its North pole P; and let the axis be produced through the pole P, outward toward the North, by as much as the height of the tower or place from which the heavy body is dropped—namely, as much as KPM; for this too, carried around with the axis of the Equator, will describe the cylinder ACGE, of which one base is ABCD, the other EFGH. And at the end of the first of the equal times, the tower (which was in the position PM) will be at PN; at the end of the second, at PF; at the end of the third, at PS; at the end of the fourth, at Z·a.

Now, since heavy bodies, descending naturally, so descend that—if the whole time of descent be divided into 4 equal parts (as we have here assumed) and the first space be taken as 1—at the end of the second time the space completed is as 4, at the end of the third as 9, and at the end of the fourth as 16 (as is established by our experiments, chapter 16, number 12, and by Galileo's confession, Dialogue 2, On the System of the World): let the height PM be divided into 16 equal parts, and let there be marked in it the part M1 (of one such part), the part M4 (of four), and the part M9 (of nine). Now if a globe heavier than the medium through which it descends were dropped from the vertex M, above the pole P, and the Earth were moved by no other than the diurnal motion about its center K (from I to R), and its center always remained at K—then assuredly this globe would descend, not only apparently but also really, through the same straight line MP, falling perpendicularly upon the pole P; and at the end of the first time it would have completed the space M1, at the end of the second the space M4, at the end of the third the space M9, and at the end of the fourth the whole space MP, which is of 16 [parts], of which M1 is one.

But because the center is translated from K to V, etc., by the force of the annual motion, and the tower (or height MP) is carried around above the surface of the cylinder—to be conceived in mundane space, on Copernicus's hypothesis—therefore, when the tower at the end of the first time is at PN, the space NO will appear to have been completed by that globe, which is equal to M1, or as 1; and at the end of the second, the space FQ, or as 4; and at the end of the third, the space ST, as 9; and at the end of the fourth, the space a·Z, which is as 16. Moreover, because the eye of the supposed spectator at the pole P is likewise translated with that tower, the globe will appear to him to be always in the same straight line—even though in reality, on this hypothesis, the globe has described, on the cylindrical surface, a curved line MOQTZ, far longer than the straight line MP, and not lying in the same plane.

Wherefore this line will not be a cylindrical section that is either a circle (such as that whose plane, equidistant from the base, cuts the cylinder) or an ellipse (such as that whose plane cutting the cylinder is not equidistant from the cylinder's base)—according to the demonstrations of Serenus of Antinoöpolis (usually published with Apollonius), bk. 1 of the Cylindrical Sections, Propositions 5, 6, and 17. The reason the points O, Q, T, Z are not in the same plane is the proportion of the square numbers; otherwise, if they were in the same plane, the section would be elliptical, and would be bisected by the straight line FP (which is the middle among the five [points] distant from one another by equal interval) at Q, and the parts FQ would be 8 of the 16 parts. But the second [line] NP and the fourth SP would be cut so that NO would be equal to PT—namely, of 7 parts each—as could easily be demonstrated, were there need, and were we not hastening to other things.


[Margin: The rotation due to a globe descending above the poles.]



It is to be noted, however, in this place, that a globe dropped perpendicularly above the pole of the terrestrial Equator, while it descended through the line MOQTZ, would at the same time be carried around about its own center, imitating the diurnal vertigo of the earth—which would that it were permitted to observe, by an inhabitant under the poles of the World! For from it the truth of the earth's diurnal vertigo would become manifest, if such a rotation were discerned on the surface of that globe; or its falsity, if it were not discerned.


[Margin: 2nd Figure, for a Heavy body descending in the Plane of the Equator.]



[XVII.] Now let there be the second figure, for a globe dropped from the tower-top in the plane of the Equator, or [for one] existing in a Right Sphere. Let A be the center of the Great Orb, from which describe the arc BDC, divided into four equal parts Bρ, ρD, DP, PC, answering to the four equal times in which the globe, dropped from the tower-top, is supposed to fall to the earth's surface; and let it be understood that, at the beginning of the mo-


[Translator's note — the engraved 3-D figure (first of the triple figure): a slanted cylinder ACGE drawn in perspective, its lower base the ellipse ABCD (the Ecliptic / Great Orb), its upper base EFGH. Along the lower base sit five successive positions of the Earth-globe (center translated K→V→B→X→Y eastward), each a small sphere with North pole P up, South pole L down, equator IR. From each pole rises the tower-axis; the leftmost (PM) carries the squares-law fall-marks M, 1, 4, 9 down to P. The tower-tops at the four successive instants are M·N·F·S·a (on the upper region); the falling globe's true positions are M·O·Q·T·Z — a curved, non-planar line bowing across the cylinder. Straight-line fall MP (diurnal-only) vs. the curve MOQTZ (diurnal + annual).]

[…continues on p. 404 (PDF 439) with the catchword "tûs" (motûs): "…of the motion"—the second figure (the equatorial drop) is worked out.]





(printed p. 404 — within Chapter XVII, continuing the "triple figure." The second figure (an equatorial drop) is completed: with the annual motion added, both globe and tower-vertex trace curved, non-planar lines that are neither circular nor any conic, since the Equator's plane is carried into ever-different planes, though the co-moving observer still sees a straight drop. The third figure (an oblique-sphere drop, a tower on an off-Equator parallel sweeping cones about the Earth's center) then begins.)
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…of the motion, the center of the Earth [is] at C, and at the end of the first time at P, at the end of the second at D, at the end of the third at ρ, at the end of the fourth at B. Let the tower-height be FH, and the terrestrial Equator EFG, which—about the center C, in the four aforesaid times—is revolved toward the East, from F to E, so that the tower-foot F completes the arc FE, and the vertex the arc HK. Here, if there were no other motion than the diurnal, a globe dropped from the vertex H, at the end of the first time, would have completed the space LM, as 1 (of which FH is 16), and the tower would be on the line CL; at the end of the second, the tower would be on the line CN, and the space completed by the globe would be NO, namely of 4 such parts; at the end of the third, the tower would be on the line C·m, and the space completed m·I, or of 9 parts; and at last, at the end of the fourth time, the tower being translated to the line CK, the whole space KE, of 16 parts, would be completed.

But because, at the end of the first time, the center of the Earth is supposed translated from C to P by the force of the annual motion, and meanwhile the tower, by the force of the diurnal motion, completed toward the same part of the Equator the arc XQ—therefore the tower is on the line QR, and the space apparently completed by the globe is RS, of 1 part. But at the end of the second time, the earth's center being carried to D, and the tower (by the diurnal vertigo) completing the arc TV (double the arc XQ), the tower will be on the line XV, and the space completed by the globe will appear [to be carried farther]; …[and at the third, on the line a·β, the arc being triple the arc XQ, the space β·γ]; …and [the center] transported to B, and the tower at the line ι·θ—on account of the arc δθ completed by the diurnal vertigo (and indeed quadruple the arc XQ)—the globe will appear to have completed the whole space ι·θ, of 16 parts.

Wherefore the line described by it in mundane space will be the curved line HSZγθ; although, to the eye translated equally with the tower-foot from F to the points Q, V, a, θ, the globe will appear always to descend through the same straight line, parallel to the tower. Meanwhile the tower-vertex H will describe the curved line HLRXβε; and neither will be Circular, because [the body] always approaches more nearly to the center A—from which both are most distant when the globe is at H (since it is then distant by the whole aggregate of the great orb's semidiameter AC, the earth's semidiameter CF, and the tower-height FH) than in any of the other aforesaid positions. Nay, since the plane of the Equator—on account of the parallelism kept with itself, it being always inclined to the Great Orb—is translated to one plane after another, the line HSZγθ cannot be in one plane; and accordingly it cannot be Parabolic, Hyperbolic, or Elliptic, since for these lines it is required that they lie in one and the same plane cutting (actually or potentially) a Cone or a Cylinder. The same happens, proportionally, in the other positions of the tower, although we have chosen a single case—namely, when it is midnight for that tower.


[Translator's note — the Second engraved figure (lower panel, left): a fan of five Earth-globes whose centers lie along the Great Orb's arc, the apex being A (the orb's center) at the bottom. The successive Earth-centers are C, P, D, ρ, B (the body's position at the start and at the ends of the four times); on the rightmost globe the terrestrial Equator EFG carries the tower (foot F, top H), with the diurnal-only fall-marks toward the marks L·M·N·m·K and the surface point E. As the annual motion shifts each globe leftward, the falling body's true positions trace the bowed curve H·S·Z·γ·θ, and the tower-top the curve H·L·R·X·β·ε — both swept over the radii to A.]

[Margin: Figure for the oblique sphere.]



[XVIII.] Now let there be the third figure, for a heavy body dropped from the top of a tower existing in an oblique sphere (or in the periphery of some terrestrial parallel declining from the Equator), but standing perpendicularly upon the terrestrial surface, and so positioned that, if it were produced, it would meet the center of the earth. Let there be designated, therefore, the arc ACB, which is a portion of the Great Orb, in which let the Earth FKEG be first, [its] center at B; and let the circle of the terrestrial Equator (inclined to the great orb) be DBE, whose axis KBQ etc. is understood produced as far as H. Let there be the Parallel FQG, on whose periphery the tower GL is erected perpendicular to the globe of the earth; and let the terrestrial Equator be turned, by the diurnal vertigo, from E, through B, to D (the Eastern point), until—the revolution of 24 hours being completed—the point E returns to its former beginning of revolution. For it is certain, in the Copernican hypothesis, that the whole globe of the earth, with all the parallels of the Equator, is turned toward the same quarter; and just as the earth's semidiameter BG describes the cone BGF (whose base is the parallel circle indicated by GQF, described by the point G, which is at the tower-foot), so the tower GL, joined with the earth's semidiameter BG, will describe a greater Cone BLM, whose vertex (common with the prior cone) will be the earth's center B, and whose base [is] the circle ML. For the semidiameter of this [circle] makes a right angle with the axis BH; and accordingly, if—this axis BH remaining as a side—the other sides be carried around about it until they complete one entire revolution, a cone will be described by them, by the 18th definition of book 11 of Euclid's Elements.

Let us now imagine a globe dropped from the vertex L to reach the earth's surface in four equal times, the earth meanwhile being moved by the diurnal motion only; and accordingly, the arc FG of the parallel being divided into four equal arcs answering to the aforesaid times—namely into GP, PQ, QR, RF—the tower [is] likewise transferred, first to the line PO, then to the line QH, thirdly to the line RN, and fourthly to the line FM.

Therefore, since heavy bodies descending naturally traverse spaces which stand to one another, in order, as the squares of the times: if the height GL be divided into 16 equal parts—of which the one traversed at the end of the first time be OS, that is 1; the second, at the end of the second time, HT, of 4 parts; the third, at the end of the third time, NV, of 9 parts; and the fourth, at the end of the fourth, MF,


[Translator's note — the Third engraved figure (lower panel, right): the oblique-sphere construction. The Earth-globe (center B) sits on the Great-Orb arc ACB; its tilted Equator is DBE with axis KBQ produced to H; the off-Equator parallel FQG carries the perpendicular tower GL (foot G, top L). The earth-radius BG sweeps the cone BGF (base GQF), and the tower the larger cone BLM (vertex B, base ML). The tower-foot's parallel-arc FG is divided into the four equal time-arcs GP, PQ, QR, RF, and the successive tower-positions are the lines PO, QH, RN, FM; the tower's squares-law fall-marks are OS (1), HT (4), NV (9), MF (16).]

[…continues on p. 405 (PDF 440) with the catchword "par-" (partium): "…of 16 parts"—the rest of the oblique-sphere construction and Riccioli's conclusion.]





(printed p. 405 — within Chapter XVII. The third figure (oblique-sphere drop) is completed, with a corollary: in no case is the fall-line a conic, so Kepler, Gassendi, Bullialdus, and above all Galileo erred about its shape. An eighth objection shows Galileo's pendulum doctrine and tunnel-through-the-Earth thought-experiment, with their real growing impetus, contradict his uniform-circular-fall claim. The page then states, in syllogistic form, the pro-Earth-motion argument from apparent acceleration that Riccioli will dissolve.)
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…of 16 parts—then indeed the tower will so describe a part of the conical surface that the globe (which always appears in the same straight perpendicular line) will describe, about the surface of the cone MBL, the curved line LSTVF, which the proportion of the square numbers does not allow to be in one and the same plane; and accordingly, not even thus will that line be either Circular, or Elliptic, or Parabolic, or Hyperbolic—even if, meanwhile, B, the center of the earth, were not moved by the annual motion toward A.

Let the center B now be moved toward A (the Eastern point being at X) by the annual motion, and accordingly let it carry to another position the Cone described by the tower and the earth's semidiameter. Meanwhile the tower, on account of the diurnal vertigo, will have completed the arc a·β, and will be on the line β·γ; for the globe will appear, at the end of the first of the four equal times, to have completed the space γ·δ, which is taken as 1. Then, at the end of the second time, let the earth's center be at C, and the whole cone translated with it, so that the tower (by the force of the diurnal vertigo) has completed the arc ξ·ζ (double the arc a·β), and is on the line ε·ζ; for the globe will appear to have accomplished the space ε·ν, which will be as 4. Thirdly, by the force of the annual motion, let the Earth's center be carried to Y, with the whole cone standing upon it, and the tower (by the diurnal rotation) have completed the arc ω·θ (triple the arc a·β), and be on the line x·θ; for the globe will appear at λ, the space x·λ being now accomplished, which will be as 9. Lastly, at the end of the fourth time, the earth's center will have passed, by the force of the annual motion, to A, carrying the earth with it (and the aforesaid cone); and the tower will now have run through, on account of the diurnal motion, the arc π·μ (quadruple the arc a·β), so that the tower is on the line μ·Φ; for then the globe will be on the earth's surface, or at the tower-foot μ. Although, therefore, the globe will appear always in the same straight line, in which is the eye stationed at the tower-foot (because the eye, by the force of both motions, is carried from G to the points β, ζ, θ, μ), yet in reality it will trace the curved line L·S·η·χ·μ, which will be able to be neither Circular (since it always approaches more and more to its center, which is the center of the great orb), nor Elliptic, nor Parabolic, nor Hyperbolic (since it is not in the same plane); for the reason that it is so described about a cone that it is nevertheless carried to one plane after another—both on account of the proportion of the square numbers which it keeps in approaching the great orb, and on account of the inclination of the terrestrial Equator to the great orb, which Equator remains always parallel to itself.


[Margin: A warning, that the figures are to be corrected.]



But although, in the aforesaid figures, we have drawn the terrestrial globe's center at diverse positions—with arcs of the great orb interposed equal to the arc which the earth's diameter subtends—lest the figures should introduce confusion to the viewer, yet those intervals can be greater or smaller, according to the time of the whole descent of heavy bodies. And what we said of the position of the tower for which it is midnight holds similarly for any other position of the tower.


[Margin: Corollaries for the figure of the motion of heavy bodies. — The errors of Kepler, Gassendi, Bullialdus, and others concerning the figure of the motion of Heavy bodies, but especially Galileo's.]



From what has been said, it appears that in no case is the aforesaid line Circular, or Elliptic, or Hyperbolic, or Parabolic—because it is not drawn through one [same] plane, which is nevertheless required, as appears from the sections of Apollonius, bk. 1 (proposition 4, on the circle cutting the cone; prop. 11, on the parabolic section; prop. 12, on the hyperbolic section; prop. 13, on the elliptic section); and also from the cylindrical sections of Serenus, bk. 1, props. 5, 6, and 17 (on the circle and ellipse arising from the section of a cylinder). Wherefore Kepler erred—who (from what was said at chapter 4, scholium 2) described this line as if the earth's motion were diurnal only, and [the line] approaching too closely, at the beginning of the motion, to a straight perpendicular line; and Gassendi, who (from what was said in the same place, scholium 4—namely, in the 2nd epistle On impressed motion) judged it to be universally parabolic; and Bullialdus (bk. 1 of his Philolaus, ch. 4), who asserted it to be composed, in the same plane, of two circular [lines]; and those who (in Chiaramonti, bk. 12 On the Universe, ch. 21) said it is similar to the quadratrix of Nicomedes; but most of all Galileo (Dialogue 2, On the System of the World) affirmed it to be circular, or very near to circular, and yet terminated at the center of the earth. Against whom, however—besides these errors—there is also the following objection. Granted that (as I said at no. 12) he acknowledged, as if through a lattice [in passing], that this line is, in the parallels of the Equator, a spiral about a cone, and, in the case above the poles, a spiral about a cylinder—but [only] at the prompting and warning of Scheiner, who of all most nearly approached the truth in this. The aforesaid figures, however, we had already drawn by our own ingenuity, before we had read that passage of Scheiner.


[Margin: 8th Objection. — The inequality of impetus being conceded, the inequality of motion is wrongly denied.]



[XIX.] In the Dialogue 2, On the twin System of the world, p. Italian 223 (but 168 of the Latin version), Galileo teaches these things about the pendulum, or plumb-line:


[Margin: Galileo's doctrine on the velocity of descent and ascent of a pendulum through an arc.]



"That observation about the pendulum I proposed to you for this end: that you may understand the impetus acquired in the descending arc—where the motion is natural—to be of itself sufficient to drive the same pendulum-bob, through just as much space, by a violent motion, up a similar ascending arc; of itself, I say, all external impediments removed. I believe, too, that it is understood without doubt that, just as in the descending arc the velocity continually grows up to the lowest point of the perpendicular, so also from that same point, through the other ascending arc, the velocity is continually diminished up to the extreme and highest point—and diminished in the same proportion by which it grew at the start—so that the degrees of velocity at points equally distant from the lowest point are equal among themselves." On which occasion I say the cause why this motion is not perpetual is that, in the ascent, gravity somewhat diminishes the upward-impulsive impetus, and therefore the arc of ascent is not precisely as great as that of descent; and the contrary impetus prevails more and more until it destroys it all, and the pendulum rests.


[Margin: And on the motion of heavy bodies through a well as long as the diameter of the earth.]



But Salviati, sustaining Galileo's person, goes on and says: "And hence (reasoning probably) I seem able to believe that, if the terrestrial globe were perforated to the center—nay, and beyond, to the nadir—a cannonball would acquire, by its descent, so much impetus of velocity that, the center being passed, it would drive itself upward through just as much space as was the space of descent; so that beyond the center the velocity would continually diminish by those degrees of decrement which would correspond equally to the degrees of increment acquired in the descent." So far he, as to our matter.


[Margin: Galileo's discord with himself.]



Galileo, therefore, confesses that a heavy body acquires a greater and greater real impetus, and so much that it is fit to drive the same globe upward. But if it really moves uniformly through the circle (as follows from his doctrine delivered at number 8, and from his most open opinion), and the inequality of velocity is a mere appearance of the eyes—or [appears] when the intervals are regarded, which it seems to traverse in a straight perpendicular line—then it cannot continually acquire an increment of greater and upward-impulsive impetus; or, if it does acquire it, the inequality of velocity following from it by natural necessity is real, not apparent. Galileo therefore fights with himself; nor can his propositions—page 120 [Italian], on the real equality, and page 168 Latin, on the increment of impetus—be reconciled with each other.


[Margin: The argument in form, for the Earth's motion. — Proof of the Major and the Minor.]



These things being not inopportunely premised about this motion, it is now time to propose the argument which Galileo and Bullialdus contrived, from the motion of heavy bodies, for the motion of the earth—and to dissolve it. The argument, then, forced into syllogistic form, is of this kind:

[XX.] Heavy bodies, in descending naturally, acquire by their apparent motion a continual increment of velocity. But the reason for this increment is most readily rendered if the Earth be moved at least by the diurnal motion; whereas if it be immobile, no reason can be rendered in which the intellect may rest. Therefore the Earth is moved at least by the diurnal motion.

The Major appears from many experiments, but especially those delivered at length in chapter 16, from number 6. The prior, affirmative part of the Minor is proved [thus]: because, if the Earth be moved at least by the diurnal vertigo, the real descent of heavy bodies really turns out to be circular and equal, and the whole inequality of their velocity is thrown back into mere appearance—the eyes falsely judging that they are moved through the same straight and perpendicular line, and that in it they traverse greater and greater spaces successively in equal times—whether they then be said to move through two circles (according to Bullialdus's opinion, set out at numbers 2 and 3) or through a simple circle (according to Galileo's opinion, explained at numbers 7 and 8). But the latter, negative part of the Minor is proved from the insufficiency of the reasons which either the Peripatetics or others have hitherto adduced for such an increment—which Simplicius (On the Heavens I, t. 88) and others chiefly relate. For the strongest [reason] usually brought is the acquisition of a greater and greater gravitation, or impetus intensifying the prior impetus; but if this were the cause, then heavier bodies too would have to descend faster, and as much faster as they are heavier than others—and so the [cannon]ball would be carried


[…continues on p. 406 (PDF 441) with the catchword "fer-" (fertur): "…would be carried [faster]"—Riccioli's resolution of the argument and the chapter's close.]





(printed p. 406 — the end of Chapter XVII and start of Chapter XVIII. Riccioli dissolves the pro-Earth-motion syllogism: the moving Earth saves only the appearance, not the real effects, of the velocity-increment, and a sufficient a-priori cause can be given on a stationary Earth; a corollary rebukes Galileo's errors. Chapter XVIII then opens the search for that a-priori cause on a resting Earth, beginning the survey of opinions with Hipparchus (refuted) and Alexander.)
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…an iron [ball] of two pounds would descend from the same altitude to the earth in a double-shorter time than an iron ball of one pound—which is established to be utterly false, as is clear from the premised experiments (ch. 16, no. 13) and from the 13th theorem of the same chapter.


[Margin: 1st Response.]



I respond, firstly: the Major being conceded, [I respond] by denying the prior part of the Minor and its proof. For, the diurnal motion of the earth being posited, by a really-equal motion some appearance of the velocity-increment is indeed saved, but the other effects are not saved—which presuppose a real increment of greater continual impetus, and so a really greater and greater velocity of motion: such as the stronger percussion, the more vehement sound, and the elevation of a greater weight, the higher the place from which the heavy bodies fall (according to what was said against Bullialdus at number 5 and against Galileo at number 10). Next, by Bullialdus's two circles, the increment of velocity according to the odd numbers counted from unity is not saved, as we showed at number 5.


[Margin: Many errors of Galileo collected into one.]



But by Galileo's single circle, the real increment of the impetus of Heavy bodies is not saved—which nevertheless ought to have been saved, even by what Galileo conceded elsewhere (according to what was said at numbers 10 and 19). Nor, again, is the unequal descent of two heavy bodies of different weight, dropped together from the same altitude, saved, as I showed at number 11. Besides, that descent through the semicircle is not saved, unless the Heavy body be on the Equator and so slow that it requires precisely 6 hours to reach the center of the earth; for these two conditions removed (which are verified in very few cases), the line of the said motion is not circular, as I showed at numbers 12, 14, 16, 17. Nay, not even on the Equator does that semicircle arise from the motion of a heavy body (however slow—such that it would take 6 hours to reach the earth's center) unless the Earth's motion be diurnal only, the annual motion of the center excluded; which, since it is not excluded by Galileo, makes that motion really unequal, and through a line different from circular—wherefore Galileo again contradicts himself, as I showed at numbers 13 and 15. Nay, even if the Heavy body be on the Equator and descend to the earth's center in 6 hours, and the earth be moved by the diurnal motion only, the line of descent is not circular, but notably different from circular toward the end, as I showed at number 14. Finally, Galileo cannot, by this hypothesis, save the increment of velocity of light bodies naturally ascending, even above the air bordering the earth: for these are neither borne to one determinate point as to a center, nor do they follow the motion of the Earth—for which cause, perhaps, he preferred to deny positive levity, against the experiments adduced at chapter 16, number 4.


[Margin: An objection rejected.]



Nor may you say: granted that Bullialdus and Galileo did not save all the properties of heavy bodies naturally descending, they can nevertheless be saved in the hypothesis of a moving earth, since the line which they describe can be assigned, and in it the inequality of the parts traversed in equal time, together with the inequality of percussion, of sound, etc., and the inequality of velocity of heavy bodies of different weight. For it is answered that that real inequality cannot be saved on the Equator, if the heavy body be such that it requires 6 hours for its arrival at the earth's center (as I shall demonstrate below); but that outside the Equator it can indeed be saved by such a line as we described at number 17—yet by it the difficulty of the real increment of the velocity of heavy bodies is not removed, but rather increased; because that motion turns out unequal through such a line in such a way that it is nevertheless made through curved lines, and of different kinds about a cone, by a longer way than if, the earth standing still, heavy bodies were moved through the simplest straight line (as happens in heavy bodies falling above the poles of the terrestrial axis). And—what is absurd—without any necessity the same heavy body, its gravity unchanged and dropped from the same altitude, is forced really to traverse far more of a journey than if it fell above the poles of the terrestrial axis, and more in one parallel than in another, and finally more by night than by day.


[Margin: 2nd Response.]



I respond, secondly, by denying the second part of the Minor, which was negative; for a sufficient reason for the said increment can be rendered in the hypothesis of an immobile earth, as will appear in the following chapter, number 10. Nor is it necessary, if the reason is to be sufficient, that the downward motion be as much faster as the body is heavier—just as it is not necessary that, if the cause of refraction is the inclination of a ray upon a medium of different density, and the inclination of one ray be double that of another (or the density on which it falls be double), the refraction of the former be also double the refraction of the other. Or, [just as it is not necessary that,] if the greater distance of a star from the earth is the cause of less refraction and parallax (other things being equal), the refraction or parallax therefore turn out double-less because its distance has turned out double-greater.


[Margin: A corollary against Galileo's boasting.]



From what has been said thus far, then, it appears into how shameful errors—in Geometry and in Physico-mathematics—Galileo fell, who with such great but empty glory boasted that he had found the way by which heavy bodies, descending naturally, seem to acquire an increment of velocity.


Chapter XVIII, Whether and How, in the Hypothesis of a Quiescent Earth, an a-priori reason may be rendered for the continual Increment of velocity of Heavy and Light bodies naturally descending or ascending.

[I.] Various opinions on this matter are related—chiefly by Simplicius (On the Heavens I, text 88, comment 86), Francesco Bonamico (On motion, bk. 4, ch. 37), the Conimbricenses (On the Heavens bk. 2, ch. 6, q. 1), Zabarella (On the motion of heavy and light bodies, bk. 1, ch. 16), Chiaramonti (On the Universe, bk. 12, ch. 30), Contarini (On the Elements, bk. 1), and Pererius (Physics 4, ch. 3). These we must here touch upon, that we may show there is not lacking, in the hypothesis of an immobile Earth, a way of adducing an a-priori cause for which Heavy and Light bodies move faster and faster toward the end—in the rendering of which there is now greater difficulty than there was before our experiments and Galileo's. For previously it was unknown what the proportion was which they continually keep in such an increment, and so it sufficed to bring [forward any] cause of the greater and greater velocity; but now it is known—at least by those who have made experiments, or have wished to experiment accurately—that this increment (at least speaking of heavy bodies) is according to the progression of the odd numbers counted from unity; wherefore the reason for this proportion too must be rendered.


[Margin: 1st Opinion, of Hipparchus, on the cause of the increment of velocity.]



[II.] The First Opinion was that of Hipparchus, saying that, if heavy bodies are thrown upward by force, they begin their downward motion when gravity begins to prevail over the force impressed by the thrower; but, because something of that impressed impetus still endures (yet is more and more overcome by the innate gravity), therefore the descent is slower at the beginning and faster at the end. But if heavy bodies have not been thrown upward, but let down, still something of the force which detained them remains in them, which is consumed only gradually; and therefore the motion of heavy bodies is slower at the beginning, but faster toward the end. Which cause Alexander, in Simplicius, disproves thence: because heavy bodies are not rarely generated outside their place, where they were held back by nothing, and yet they are still faster toward the end of the motion. I add, moreover, that if Hipparchus's reason held, it would come about that heavy bodies thrown downward would always move faster at the beginning than at the end, on account of the conjoined double downward-moving force—one from the intrinsic force, the other from the external thrower—of which the second force gradually grows faint: but this is not universally true, for sometimes the impetus by which they are sent down is so slack that the increment of velocity toward the end of the motion is far greater than at the start. Finally, he who does not simply lower [a body], but releases a heavy body downward, ceases altogether to hold it, and leaves no retentive quality in that heavy body.


[Margin: 2nd Opinion, attributed to Alexander.]



[III.] The Second Opinion, which some attribute to Alexander, supposed the cause to be that heavy bodies are less altered by contrary qualities the nearer they approach their place. But surely an iron ball descending through air is in no way altered by the air; and if it is altered, [it acquires] rather some


[…continues on p. 407 (PDF 442) with the catchword "ali-" (aliquam): "…some [moisture]"—the refutation of Alexander's opinion continues.]





(printed p. 407 — within Chapter XVIII, the survey of proposed a-priori causes of free-fall acceleration on a stationary Earth, each refuted in turn: Alexander's diminished contrary alteration, Themistius's and Kepler's attraction, the less-medium theory, air rushing in behind, air pushed in front, and finally the Aristotelian accumulating-impetus account — which would suffice for mere acceleration but naively yields the arithmetic (triangular) progression, whereas experiment proves the odd-number (squares) law, so the true cause is still sought.)
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…some [moisture], which grows toward the end; and much less is a glass ball altered in descending through water.


[Margin: 3rd Opinion, of Themistius and Kepler.]



[IV.] The Third Opinion was that of Themistius (Physics 8, text 76), saying [bodies] move faster at the end because they are allured by the kindred places to which they are borne; or [the opinion] of Kepler (in the Introduction to the Commentaries on Mars), saying they are attracted by the globe of earth and water by a certain magnetic force. But whether the place allures only objectively or effectively, certainly it would allure and attract a body kindred to it more vehemently when it is nearer than when it is farther—even if it had not been made nearer by motion from afar. And so, if one ball were dropped from a high window of 50 feet, then, when another ball of the same species, figure, and weight, dropped from a height of 100 feet, had reached that window, they would be attracted equally on account of the now-equal distance; and yet the one dropped from a height of 100 feet reaches the earth faster, and strikes it with a greater blow.


[Margin: 4th Opinion, of Iamblichus, Serenus, and Durandus.]



[V.] The Fourth Opinion, of Iamblichus and Serenus, was that this happens from the lesser resistance of the medium—because, namely, a smaller depth of air remains to be penetrated; or certainly, as Durandus says (on [the Sentences] bk. 2, dist. 14, q. 1), because the lower air, the nearer it is to the earth, the thicker it is, and therefore—being less buoyant upward—resists the downward motion less. But against these is the case just brought forward: of two heavy bodies equal in species, bulk, figure, and weight, of which one is dropped from a tower 100 feet high, and, when it reaches a window 50 feet high, the other is dropped; for then an equal depth of air remains to be overcome by each, and yet the one dropped from the hundred-foot height reaches the earth much faster. And against Durandus in particular the very thickness of the air militates—[as] less apt to yield, and to [permit] motion upward or sideways. And when a ball heavier than water is dropped through water of uniform thickness (as we have often done), it nevertheless descends faster at the end.


[Margin: 5th Opinion, of Contarini and Burley.]



[VI.] The Fifth Opinion is that of Contarini (On the Elements, bk. 1) and Burley (Physics 8, text 76), who place the cause in the air running up from behind to fill the void, and—more and more rarefied by the motion—therefore driving the heavy body downward with greater effort. But if half-burnt and still-smoking material be dropped downward, or a heavy body to which a piece of lighted candle has been fixed on top, the smoke or flame appears long erected upward; therefore the air does not press that heavy body from behind. So too, when light bodies tend upward through water, if you hang a thread below, it remains hanging downward, nor is it driven upward by the water. Besides, the lower air is not more rarefied by reason of the motion performed in the upper parts.


[Margin: 6th Opinion, of Zabarella, Pererius, Dandini.]



[VII.] The Sixth Opinion is that of Zabarella (On the motion of heavy and light bodies, bk. 1, ch. 16), Pererius (Physics bk. 4, ch. 3), and Dandini (On the Soul, bk. 2, in a digression on this motion): who, although they grant that the increment of velocity is helped by the air running up behind, nevertheless refer the chief cause to the air in front—already moved and dissipated toward the direction in which the heavy or light body is borne. Because, just as a movable is moved faster through air already moved in the same direction (and a ship advancing downstream faster than through unmoved air or wandering water), so it is moved much faster through air twice-moved, and faster still through air thrice-moved, etc. But against the air-behind, enough was said at number 6; while against the air-in-front there is the wind that impels that air crosswise, yet is unable to move from its perpendicular path any heavy body of great weight. Next, it is not numerically the same part of air that is moved again and again by the descending heavy body—since it runs to the sides and around the heavy body, to fill the place successively abandoned by it; wherefore the air is not rightly called twice-, thrice-, and four-times-moved. But universally, against those who recur to the motion of the air or water in front, [there] makes the priority of the heavy body's own motion: for the underlying air or water is moved because it is impelled by the heavy body tending downward, and therefore the air or water is moved faster because that heavy body is moved faster; the increased velocity of the [body] is therefore presupposed prior to the air or water being moved faster—at least by a priority of nature and of cause. The commotion of the air or water cannot, therefore, be the cause of the greater velocity in the descent of heavy bodies. And the river-analogy does not hold here, because, antecedently to the motion of the ship, the motion of the river is presupposed. Finally, against this opinion is the slower descent of a lighter globe dropped together with a heavier.


[Margin: 7th Opinion, of Aristotle, Alexander, Aquinas, Albert of Saxony, the Conimbricenses, Cabeo, Chiaramonti, Bonamico.]



[VIII.] The Seventh Opinion was that of Aristotle and Alexander (in Simplicius, On the Heavens I, text 88—which Simplicius himself prefers to the others, on the supposition that such an increment be conceded, for he himself doubts it there); likewise of St. Thomas and Albert of Saxony (in Bonamico); of Bonamico himself (On motion, ch. 37); of the Conimbricenses (On the Heavens 2, ch. 6, q. 1); of Cabeo (Meteors 1, text 17, q. 3); and of Chiaramonti (On the Universe, bk. 12, ch. 30). These place the cause in a greater and greater gravitation—that is, in a greater accidental gravity, or in a second act of gravity, which by the motion itself becomes in second act more and more perfect, [and] which Aristotle called the "apposition of gravity, or of levity" (understand: in second act). For in On the Heavens I, text 88, he says that if the velocity of the Elements were increased to infinity, gravity or levity would be increased to infinity; and in the Mechanics, q. 19, he teaches that, if a heavy weight be placed upon an axe, the axe nevertheless often does not split that body which it does split if the axe alone (without other weight) is dropped from on high—because it takes to itself something of gravity. From which it appears that by the name "gravity" he does not understand gravity in first act (for, another weight being superimposed, that aggregate already had a greater gravity, and yet did not split [the body]), but understands an impetus, and gravity in second act, or a translative quality. Although Chiaramonti calls the second act of gravity itself "motion," which—by means of gravity—he admits can produce another motion; but others understand an impetus distinct from motion formally taken. Since, therefore, in every moment in which a heavy or light body is outside its place and is hindered by no impediment or contrary mover, it produces some determinate degree of impetus suited to its gravity or levity, and there is no reason why the prior impetus should cease, it comes about that—new and new degrees of the same kind of impetus being superadded in the same part of the subject—the impetus becomes more and more intense, and therefore the motion faster and faster. But Bonamico, besides this chief cause, adds also a less and less resistance of the medium.

Which opinion would doubtless satisfy us, if the cause of the continual increment of velocity alone were to be assigned. For what is more agreeable to the nature of heavy or light bodies than that, in every instant in which they are away from their natural place, gravity or levity should produce such and so great an impetus as it produced in the first instant of motion, and that this [impetus] should remain so long as it is not destroyed by a contrary impetus, or the body does not reach its natural place? But from this it would follow that the proportion of this increment is according to a simple and natural Arithmetic progression. For let us suppose, for easier explanation, that the impetus produced in the first instant of motion is so much, in such a determinate heavy body, that by its force, in the first least [unit] of the equal times, that heavy body traverses a single palm; then, a second degree of impetus equal to the first being added, it ought, in the second of the equal times, to traverse only two palms, which composed with the first would make, at the end of the second time, 3 palms; and, a third [degree of] impetus being added, it ought, in the third of the equal times, to traverse separately 3 palms, which composed with the 3 preceding would make six palms, and so on. Wherefore the spaces completed in the individual equal times, taken separately, would stand according to the increment of the arithmetic progression 1, 2, 3, 4, 5, 6; from which would arise the spaces traversed at the end of the aggregated times, with this proportion: 1, 3, 6, 10, 15, 21. And that this increment is of this kind, Cabeo (in the place just reviewed) and Baliani (On the motion of heavy bodies, bk. 4, p. 110) judged more probable. But now, to Galileo, to us, and to anyone willing to experiment, it is certain that this increment is much greater—and indeed according to the progression of the odd numbers counted from unity—so that if, in the first of the equal times, a heavy body traverses 1 palm, in the second it traverses separately 3 palms, in the third 5, in the fourth 7, in the fifth 9, etc. From which the spaces aggregated at the end of the times arise according to the order of the square numbers: 1, 4, 9, 16, 25. The reason, therefore, for this increment is sought.


[…continues on p. 408 (PDF 443) with the catchword "Octa-" (Octava): "[IX.] The Eighth Opinion…"—the next opinion on the cause of the increment.]





(printed p. 408 — the end of Chapter XVIII and start of Chapter XIX, a turning point of the Section. An eighth opinion (self-replicating, decaying impetus) is rejected; Riccioli then gives his own ninth opinion in three formulations, whereby gravity and self-begetting impetus jointly yield the odd-number law, the ultimate a-priori cause being the will of God. The transition to the arguments FOR the Earth's immobility follows, and Chapter XIX opens its five arguments from the velocity-increment, stating the Axiom that the increment is the same in every place of the Earth.)




[Header: BOOK IX. SECTION IV. — 408]

[Margin: 8th Opinion, of a recent Philosopher.]



[IX.] The Eighth Opinion, then, of a certain recent professor of Philosophy—who had been present at some of our experiments, and was by no means doubtful of the aforesaid proportion—was that gravity, in the first least [unit] of the duration of this motion, produces 1 degree of impetus, by whose force the heavy body crosses one determinate part of space; but in the second instant (or rather least [unit] of duration), gravity produces another degree, and the prior impetus produces another impetus like itself, and so there are three degrees of impetus—and therefore in the second of the equal times a space triple-greater is traversed than in the first time. But meanwhile the older impetus perishes, and so two degrees remain, which produce another two degrees; and gravity produces its always-customary degree; and so there are five degrees, from which follows a passage through a space quintuple-greater than the first space. But in the fourth moment, of these 5 the two oldest degrees of impetus perish, and the three remaining produce another three, to which gravity, adding its new degree of impetus, completes 7 degrees—whence the motion follows through a space septuple-greater than the first, and so on. But this opinion is little consonant with the natures of things: for why should the impetus perish, if it neither has a contrary nor [has] the movable reached its place? Or, since all the degrees of this impetus are of the same species, why should so many degrees perish in that instant in which, nevertheless, others—and indeed more—are to be produced in their place? For example, why, in the fourth instant, should two of the 5 degrees perish, and three remain, if in the same [instant] 4 degrees ought to be produced, which with the three remaining make 7? Is it not of less expense that only 2 be newly produced, which, added to the five prior, make 7? Surely yes.


[Margin: 9th Opinion, our own, threefold.]



[X.] The Ninth, therefore, and our own opinion—to which we adhere until something better occurs—is [this]. In every instant in which a heavy body is outside its place, and the hindrance is removed, gravity produces one degree of impetus; and that very impetus, which was produced by gravity, produces in the next instant another like itself—so that all the [degrees] produced remain and render the prior impetus more intense; but not all the degrees produce [degrees] like themselves at each and every moment, but once only, and immediately as they were produced. For if this happens, it follows that in the first instant of descent one degree is produced by gravity alone; but in the second instant (to speak thus for ease) both gravity produces its own and the impetus immediately before produced by gravity produces its own like degree of impetus, and so there are three; in the third instant, gravity produces its own, and the more recent impetus its own, which added to the prior make five degrees of impetus; in the fourth instant, gravity produces its own, and the newest impetus begets its own degree, which joined to the prior make seven degrees; and so on, two degrees always being produced—one by gravity, the other by the most recently produced impetus. Otherwise, if all the existing degrees each produced their own degrees in every instant, they would exceed their proximate radical principle, which is gravity.


[Margin: 2nd Part of our Opinion.]



If this does not please, let us say that gravity, in the first instant (or least [unit] of time), produces only half of that impetus which it can produce whole in the remaining instants—on account of the difficulty of beginning the motion, whatever that [difficulty] ultimately be. Or rather, let it be said that the heavy body, in the first instant, descends by the force of an impetus which, before the descent, it always conserved produced in itself—but hindered (by the sustaining body, say) from effecting a descent; and that, in descent, that heavy body produces for itself, in each instant, a degree of impetus double that first impetus which it produced while not descending. And accordingly, if in the first instant it descends, e.g., a palm's space by the force of the first impetus, in the second instant it will descend three palms—one by the force of that same first, permanent impetus, and two by the force of the impetus produced in the first instant of descent; and in the third instant it will descend five palms, because now another impetus has been added effecting a descent through two palms. So, proceeding thus, the progression of the odd numbers counted from unity will be preserved.


[Margin: 3rd Part of our Opinion.]



But if anyone is unwilling that impetus stand to impetus as velocity to velocity, but [holds] that the merely-doubled impetus, by reason of its union with another impetus equal to itself, can have as much force as if it were itself doubled—and therefore that the two first impetuses effect a motion as 4, when the first made [a motion] as 1—then certainly three impetuses at the end of the third equal time, each behaving as if it were tripled, would together effect a motion as 9; four [impetuses] as 16; five as 25; and so on. If, however, someone should say that the a-priori cause was the will of the Author of Nature—who could have established another proportion of this increment for heavy and light bodies, but determined this one as both per se beautiful (on account of the order of the square numbers, which the increments of circles also keep, the diameters increasing equally) and apt to the intended end (namely, that these bodies should reach their place as quickly as possible, yet within certain limits of velocity); and that GOD willed to leave the traces of His providence in these effects, so that—not finding in nature itself a sufficient cause of them—we should necessarily acknowledge the First Cause—[such a one] would neither introduce a new method into Philosophy, nor without any necessity summon God from the machine. Surely he would philosophize far less absurdly than one who would have recourse to the motion of the Earth—as [being] unfit to render the cause of this increment, and involving with itself very many other entanglements of spiral motions, as we showed in chapter 17.

So far concerning the Arguments devised FOR the motion of the Earth. There follow the Arguments FOR the Immobility of the Earth.


Chapter XIX, Five Arguments are proposed, from the Increment of velocity of Heavy and Light bodies, against the Diurnal motion of the Earth—or the Diurnal together with the Annual.

[I.] Most advisedly and on purpose we premised, in chapter 16, so many experiments concerning the natural descent of heavy bodies and the ascent of light ones, that we might lay more solid foundations for these arguments which we shall soon bring forward against the motion of the Earth—which will indeed have as much Physical evidence among those willing to make the same experiments, or as much credit among those believing our experiments, as the experiments themselves have evidence. But first one Axiom must be premised—or quasi-Axiom, to be denied by no Physicist—which is of this kind:

Axiom. Such and so great is the Increment of Velocity of the same Heavy body naturally descending downward from the same altitude through the same medium—or of a Light body of the same [kind] naturally ascending to the same altitude through the same medium—in any place of the Terrestrial globe, as it is in another place of the terrestrial globe, if all its intrinsic conditions be the same in both [places].


[Margin: Exposition of the Axiom.]



For the sake of explaining the Axiom, let there be an example in the clay globe of 8 ounces, which we have often used (from what was said at chapter 16, number 12), and which we found, by repeated and most certain experiments, to have descended from a height of 240 feet in the time of 4 Seconds of an hour—but in such a way that at the end of the first Second it had already traversed 15 feet, at the end of the second 60 feet, at the end of the third 135 feet, and at the end of the fourth 240 feet; and this in our Bolognese parallel [latitude]—experiences similar to which Galileo attests that he himself made, in Dialogue 2.


[…continues on p. 409 (PDF 444) with the catchword "logo 2" (dialogo 2): the exposition of the Axiom continues with the engraved figure.]





(printed p. 409 — within Chapter XIX. The Axiom is completed and justified: a given body's velocity-increment in fall is the same in any place of the Earth. The First Argument then follows in syllogistic form: many bodies dropped in the equatorial plane fall with a real increment (proved by harder blows and other physical effects), but on a diurnally-rotating Earth the increment would be merely apparent — the fall tracing a circle whose segments come out in the squares-proportion — therefore the Earth does not move diurnally alone.)




[Header: ON THE SYSTEM OF THE MOVED EARTH — 409]



[Dialogue 2,] On the System of the World, at some other Italian latitude of the Equator. I say, therefore, that if this same globe—retaining all its intrinsic conditions (namely gravity, figure, bulk, etc.)—were dropped from the top of a tower existing in any other place of the terrestrial surface (whether on the Equator, or at the poles of the terrestrial globe, or in any other parallel), and the height from which it were dropped were 240 Roman feet (such as was the height we used), and the medium were the same (namely air of the same rarity and tranquillity)—it would come about that the increment of velocity would be such and so great as we found in the Bolognese parallel. Such, I say—that is, really unequal, or with a real and sensible increment of impetus and velocity—if in our parallel it was with a real inequality. And so great, besides—that is, according to the order of the square numbers counted from unity, in the spaces completed after equal times—if so much was found in our parallel by certain experiments.


[Margin: The reason for the Axiom.]



The reason for the Axiom is that, since all things which can concur to determine the increment of velocity are the same in both [places], and no miracle is supposed to occur (for we speak of natural descent), no cause can be solidly assigned for which that increment should be real in one place and only apparent—not real—in another, or in one place according to the aforesaid proportion and in another not. Otherwise, no one could, from an induction made in some places concerning the motion of natural bodies or its other sensible effects, gather for himself universal first principles, true in every place—such as this: "Every natural body is movable"; "Every fire is naturally combustive"; and so of very many [propositions] which are commonly held in place of Axioms in Physics. This being posited, [let us proceed] now to the arguments.

First Argument, from the Real Increment of Velocity of Heavy bodies, against the Diurnal Motion of the Earth

[II.] Many heavy bodies, dropped through the air existing in the plane of the Equator, would descend to the earth with a real and notable increment of velocity—and not merely an apparent one. But if the Earth were moved by the diurnal motion only about its center, no heavy bodies dropped through the air in the plane of the Equator would descend to the earth with a real and notable increment of velocity, but only with an apparent one. Therefore the Earth either is not moved, or is not moved by the diurnal motion only.


[Margin: Proof of the Major.]



The Major is proved: for any globe dropped by us through the air in the Bolognese parallel descends to the earth with an increment of velocity not only apparent (and growing according to the order of the square numbers, as we showed at ch. 16, no. 12), but also real—as was established from the more vehement percussion, the greater sound, the deeper perforation of water, the greater rebound and recoil, the elevation of a greater weight, and other similar effects, the higher the place from which the globes were dropped (per the same ch. 16, from no. 6; and, for the elevation of weight and the perforation of water, no. 23, experiments 12 and 13)—and as anyone can easily test for himself. Which effects, unless one wishes to be obstinate, are a natural indication of a greater and greater impetus acquired in descent, and accordingly of a real increment of velocity naturally following from the greater impetus (so long as there is no impediment retarding its second act)—an indication, I say, of this as of its cause; just as the same projectile, [thrown] by an arm impelling more strongly, and therefore making a greater wound or blow in the same subject, is a physically evident sign of a greater impressed impetus, or of a greater commotion of air (as certain haters of impetus and of impressed quality say). Therefore, by the premised Axiom, the same would happen to these globes in the Equator, dropped in like manner through air of the same character; and so the increment of velocity there too would be real, and not merely apparent.

[III.] The Minor—in which the whole difficulty lies, and which requires some Mathematics—is proved by the figure premised, which we already set out at chapter 17, number 7.


[Margin: Exposition of the Figure.]



Let there be, then, with the Earth's center A, the arc CD described, and [the arc] BM—the former passing through the tower BC and its vertex C, the latter through the tower-foot B—[the tower] existing in the plane of the Equator. And the Earth's semidiameter AC being bisected at E, let another arc be described from C, toward the same eastern quarter M, which shall be either the semicircle CIA, or at least so great a portion of it that the straight lines to be drawn from A to the arc CD fall upon it, or even cut it. And since the tower BC is supposed to be moved—by the motion of the diurnal rotation alone—toward DM uniformly (that is, by describing, with its vertex and with its foot, equal arcs in the same circumference in equal times), let the arc CD be divided into however many equal arcs answering to the aforesaid equal times—say into the arcs CF, FG, GH, HL, LD—and to the points of division let there be drawn, from the Earth's center A, the straight lines AF, AG, AH, AL, AD. And at last let there be drawn, from the center E of the lesser periphery, a straight line to some point of the common section of the periphery CIA with one of the aforesaid straight lines—say to the point I.


[Margin: First Proposition, for the proof of the Minor.]



These things being designated: Firstly I say that, if the Earth were moved by the diurnal motion alone, some heavy body dropped from the tower-vertex C (in the plane of the Equator) would describe by its natural motion a portion of the line CTI, which would be, to all sense, circular—or a portion of a circular periphery. Which I show thus. The clay globe dropped by us from the tower-vertex C descended to the earth in 4 Seconds of an hour, and in such a way that at the end of the first Second it had traversed 15 old Roman feet, at the end of the second 60 feet, at the end of the third 135 feet, at the end of the fourth 240 feet. Therefore, by the premised Axiom, it would do the same in the Equator; and, the same proportion of the square numbers being preserved, it would describe in that time a line circular to all subtlety of sense—for the spaces completed in the four Seconds, namely FS, GT, HV, LX, would be just as great as they ought to be if the line CSTVX, drawn through their ends, must be circular; and conversely, if the circular line CSTVX be drawn from center E, and the quantity of the spaces FS, GT, HV, LX be investigated, FS is found as 1, GT as 4, HV as 9, and LX as 16—which is the proportion of the squares counted from unity; or, if the first space FS be taken as 15 feet, GT will be found 60 feet, HV 135 feet, and LX 240 feet.

But the aforesaid spaces are investigated by the method already delivered at ch. 17, no. 14, which is this. Since, in one Second of an hour, a point of the terrestrial Equator, by the force of the diurnal rotation, runs through the arc CF of 15″ [arc-seconds]—and equal to this, severally, are the arcs FG, GH, HL—but the arc CS (being described from E, which bisects AC, and intercepted by the same lines AC and AF) is of double the [number of] seconds (as we showed at ch. 17, no. 8): therefore the arc CS will be of 30″. And since the arc CG is of 30″, the arc CT will, for the same reason, be of 60″, or one minute; and since the arc CH is of 45″, the arc CV will be of 90″, that is, of one minute and 30″; and at last, since the arc CL is of one minute, CX will be of 2 minutes. The Complements, therefore [of these arcs to the semicircle], will be: AIS = 179° 59′ 30″; AIT = 179° 59′ 0″; AIV = 179° 58′ 30″; AIX = 179° 58′ 0″. And the Chords of these, taken in order from the doubled sines, will be: AS = 19,999,999,947 parts (of which the diameter, or greatest chord, is 20,000,000,000); AT = 19,999,999,788; AV = 19,999,999,524; AX = 19,999,999,154. Which chords, if subtracted from the greatest chord AC (to which the radii AF, AG, AH, AL are equal), leave the spaces: FS = 53 parts, GT = 212, HV = 476, LX = 846. But the proportion between


[Translator's note — the engraved figure (upper right) is the same semicircular-fall construction used in chapter 17 (there, fig. for ¶VII, p. 399): center A (Earth's center, lower right), the outer arc C·F·G·H·L·D (the tower-top's path, divided into equal time-arcs), the tower-foot B and point M, the radial lines from A, and the fall-semicircle C·S·T·V·X·…·I·A (center E, on diameter AC). Here it serves to compute the fall-segments FS, GT, HV, LX on a rotating Earth.]

[…continues on p. 410 (PDF 445) with the catchword "inter": "But the proportion between [these segments]…"—showing the segments fall in the squares-ratio, so the rotating-Earth acceleration would be merely apparent.]





(printed p. 410 — within Chapter XIX, finishing the First Argument. The demonstration closes with a synopsis table and a second proposition showing the fall-arcs equal in true length, so on a rotating Earth the acceleration would not be real — proving the Minor. Two Copernican responses are then taken up: the first (uniform forward motion explains the harder blow) is rebutted as frivolous, and the second (the annual motion makes the forward-arcs unequal) begins to be answered.)




[Header: BOOK IX. SECTION IV. — 410]



…between these is altogether such as between the squares 1, 4, 9, 16. For if it be made: as the first space FS, 1, to 4, so 53 to another, GT will come out of 212 parts; again, if as FS, 1, to 9, so 53 to another, HV will come out of 476 parts; and at last, if as FS, 1, to 16, so 53 to another, LX will come out of 846 parts. Therefore, if a curved line be continuously described through the ends of the lines completed by that globe—the proportion of the squares being preserved in the spaces—that line will be circular; and conversely, if it be circular, those spaces, or segments, intercepted between that circular line and the arc CD, will have [the following]:




	Tower-arc
	(′ ″)
	Fall-arc
	(′ ″)
	Complement-arc (° ′ ″)
	Chord (diameter 20,000,000,000)
	Residual segment
	Proportion





	CF
	0′ 15″
	CS
	0′ 30″
	AIS — 179° 59′ 30″
	19,999,999,947
	FS = 53
	1



	CG
	0′ 30″
	CT
	1′ 0″
	AIT — 179° 59′ 0″
	19,999,999,788
	GT = 212
	4



	CH
	0′ 45″
	CV
	1′ 30″
	AIV — 179° 58′ 30″
	19,999,999,524
	HV = 476
	9



	CL
	1′ 0″
	CX
	2′ 0″
	AIX — 179° 58′ 0″
	19,999,999,154
	LX = 846
	16






[Margin: Second Proposition, for the proof of the Minor.]



[IV.] Secondly I say that the arcs CS, ST, TV, VX are each equal to the arcs CF, FG, GH, HL, and hence are equal among themselves (just as these are equal among themselves), and correspond to equal times. For the periphery CD has, for its semidiameter, the straight line AC, which is double AE—the semidiameter of the lesser periphery CI—since its center E, by construction, bisects AC. Now, by theorem 5 of book 11 of the Mathematical Collections of Pappus of Alexandria, the circumferences of circles are to one another as their diameters (or as their semidiameters); therefore, just as a quadrant whose semidiameter is AC equals two quadrants of a periphery having for semidiameter AE (double-smaller than AC), so the arc CF (which is of 15″) is equal to the arc CS (which is of 30″); and, for the same reason, the arc FG to the arc ST, the arc GH to the arc TV, and the arc HL to the arc VX, are equal as to true and absolute length—because the former are each of 15″, the latter of 30″. That these arcs are of 30″, and of double the [number of] scruples [arc-seconds] of the arcs CF, FG, GH, HL, was already shown at ch. 17, no. 8; and it is easily proved by drawing straight lines from E to the points S, T, V, X (as EI was then drawn to the point I): for the angles at the center E (by Euclid III.20) come out double the angles constituted at the circumference at A and made by the same lines; but the angles at A are at the center of the periphery CD and measure it, just as the angles at E measure the arcs of the circumference CI. Wherefore, if the angles at E are double the angles at A made by the same straight lines—say the angle BEI is double the angle BAI (that is, CAD)—the arc CI too is of double the [number of] scruples than the arc CD, and so of the rest. These things being shown beforehand, the Minor is now to be proved.


[Margin: Proof of the Minor.]



The MINOR, therefore, is proved: for the Globe, of which it was spoken in the proof of the Major, would describe in the Equator, by its descent, a line circular to all subtlety of sense (as we showed at number 3); this being posited, it would traverse equal arcs in equal times (as was shown here at number 4). Therefore it would not descend with a real inequality—that is, with a real increment of velocity—if, namely, the Earth be moved by the diurnal motion only. Which was to be demonstrated in the Minor. The Major therefore being demonstrated physically, and the Minor physico-mathematically, it follows that either the Earth is in no way moved, or is not moved by the diurnal motion only.


[Margin: 1st Response of the Copernicans, but frivolous.]



[V.] The Copernicans would perhaps respond that the impetus—by whose force a heavy body, descending from a higher place, makes a greater percussion—does indeed grow continually as [it comes] from the principle moving downward (namely, from gravity), but does not grow as [it comes] from the principle moving forward toward the East, but is equal (or produced equally and uniformly)—the equality of the diurnal motion so requiring, to which the heavy body, in its forward motion, must be accommodated; and so that a real increment of impetus cannot be argued from the greater percussion in relation to that other effect, namely the greater velocity in the real descent through the aforesaid circular line. But the Response—although it must be defended on the strength of the Copernican hypothesis—is necessarily feigned; yet absolutely [it does not escape] the aforesaid proportion. Since, therefore, that heavy body proceeds through a single line and way—nor any other than that which the ends of the completed spaces describe—that [line] will be circular; and the same will happen if the time of descent does not exceed 4 minutes of time, and so if the whole arc CL does not exceed one degree, as will be clear to one examining the chords and the complements of the chords to the greatest chord. It is pleasing, moreover, to set the aforesaid numbers before the eyes in the synopsis of one little table—for which, look at the preceding figure, which is also placed at p. 399.

[This response] is frivolous. For by induction it is well enough established that a corporeal movable, by the force of an impetus flowing whether from an intrinsic or from an extrinsic [source], is by nature moved prior to striking another body toward which it is moved, and that the percussion necessarily presupposes the local motion of the striker; and that if, the impetus increasing, the percussion becomes greater, then a greater—or faster—motion also precedes by some priority, so that the same impetus, of itself and naturally (impediments removed), produces these two effects, namely motion and percussion; and just as percussion cannot be without prior motion, so neither [can there be] a greater percussion without a greater motion arising from the increment of impetus. Nay, per se and primarily the greater impetus is ordered to a faster motion, and secondarily (or quasi per accidens) to the percussion of the body impeding its further motion. Granted, therefore, that the impetus of a heavy body descending through a circular line did not grow by the force of the common principle moving [it] forward toward the East—yet by the force of gravity it ought to grow, and by its increment first to cause a faster motion through the way by which it really descends, [rather] than a greater and greater percussion. Nor can any reasonable physical cause be assigned which would permit this impetus to grow insofar as it is percussive while it tends downward, and yet impede its increment insofar as it is really motive downward (and so [impede] the increment of velocity). And conversely, if anything could physically impede the increment of the impetus as motive—by inhibiting it, or by tempering and holding it in perpetual equality—by that very thing it would also impede the secondary effect (which depends, by physical necessity, on the primary): namely, the greater percussion. Since, therefore, the greater percussion is manifest—the higher the terminus from which the heavy body falls—it is also manifest, and physically evident, that a greater and greater velocity preceded, not merely apparently but really; but this could not have preceded on the supposition of the equality of the Earth's diurnal motion; therefore the supposition of this motion is false and absurd.


[Margin: 2nd Response for the Copernicans. — But useless.]



Someone would perhaps respond, secondly, that the motion of descending heavy bodies—insofar as it is forward, in imitation of the terrestrial diurnal and annual motion—is not equal, because it does not occur at the same distance from the center of the earth and of the annual orb, but at a less and less [distance]; and so [the body] completes arcs of circles indeed similar among themselves in equal times, but smaller (of fewer paces or feet); wherefore, by the force of the principle moving [it] circularly of itself, the motion of descending heavy bodies is retarded as motion, though it is not diminished as percussive. But neither does this response avail anything, for the aforesaid dilemma always holds: For either it so retards the real motion as to reduce it to perpetual equality—and then, by the necessity by which percussion follows the vehemence of the motion from which it [arises], the percussion would be rendered equal, from whatever height it occurred; or it does not [so] reduce it, but leaves it still—if not in the original [inequality], at least in a very notable inequality—and then the motion too, though not as great as it otherwise [would be], would in reality have a notable inequality. But in reality it would not notably diminish the inequality of Heavy bodies, because—in the figure to be set out at number 9—the semidiameter of the Earth's Orbit CF is 25,870,000 Roman feet, nor much greater or less on the Coperni-


[…continues on p. 411 (PDF 446) with the catchword "Coperni-" (Copernici): "…on the Copernican [reckoning]"—the vast orbit-radius makes the annual motion change nothing.]





(printed p. 411 — within Chapter XIX, finishing the First Argument's defense. The second Copernican response is rebutted (the annual orb is so vast the composite motion remains sensibly uniform), and the third — the ship-mast analogy — is dismissed as unverifiable, Riccioli proposing his own rotating floating-beam apparatus as a real test. A sub-head then extends the argument to many heavy bodies beyond the 8-oz clay globe, since even a full minute's fall keeps the line sensibly circular.)
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…on the Copernican [reckoning]; and the semidiameter of the annual orb is, on the Copernican [view], 29,543,740,000 Roman feet, as will appear from what is to be said in the table at the end of number 13. Wherefore the whole AF is 29,569,610,000 feet.


[Margin: Look at the figure to be set below at number 9.]



But the Asinelli tower, from whose height we dropped the Heavy bodies—namely FH—is 240 feet; therefore the whole AH is 29,569,610,240. Now, in one Second of an hour, by the force of the diurnal circular motion, 15″ are run through at the Equator, to which there answer 1875¼ feet; but by the force of the annual motion there occur 2″ 28‴ (as many, namely, as the mean motion of the Sun would make)—that is, 5965 feet on the Copernican [view], as will appear shortly from the same table. Therefore the motion composed of the diurnal and the annual, answering to one Second of an hour, is 7840¼ feet—by which, namely, a point on the surface of the terrestrial Equator (say the point F) is carried in one Second of an hour to X. Now let it be made: as the semidiameter AF, of 29,569,610,000 feet, to FX of 7840¼ feet, so the semidiameter AH, of 29,569,610,240 feet, to another; and there will be found the arc HE of 7840 feet [and a small fraction]—which is insensibly greater than the arc FX; much less sensibly, therefore, do the arcs HE and FX differ from each other; and yet the inequality of the motion of Heavy bodies in descent from the aforesaid tower is as great as [the inequality] among these numbers 15, 60, 135, 240 (from what was said at ch. 16, no. 12). Therefore, since the diurnal motion together with the annual is retarded, on account of the variation of the circles, not even by a quarter of a foot, that whole inequality which is from the downward-moving principle is left entire as to the integrity of the feet, and is still according to the numbers 15, 60, 135, 240. Whence one might rather argue: if the way by which the heavy body in fact descends is rendered equal by the principle moving [it] forward circularly (and retarding the principle that moves downward unequally of itself), then this circular principle must be called very unequal of itself, and intending a motion very different from the diurnal and annual—which are feigned [to be] equal of themselves.


[Margin: 3rd Response for the Copernicans. — But insufficient.]



The Copernicans would respond, thirdly—taking refuge in the familiar example of the ship, as in the last little boat in the shipwreck of their hypothesis—and will say that it can happen, in the hypothesis of a stationary earth, that, [just as] on a ship borne eastward a ball dropped down from the top of the mast (and at the same time receiving the ship's impetus from the mast) really falls along a curved line to the foot of the mast, so as to make a greater percussion the higher the mast is—and yet its motion, in reality, and such as would be observed by one standing on the shore, would always be equal. But this response can neither be confirmed by any a-posteriori experiment, nor is it persuasible by any a-priori reasoning. For if the ball's motion were so blunted that, from being unequal of itself, it were rendered always equal, the percussion too, made from any interval whatever, would be equal. But because this experiment is not easy in practice, we ourselves will suggest to the Copernicans an easier way of testing the effect [of a motion] arising from two principles—of which the one should move [the body] along a straight line, unequally of itself, the other through a circle, and equally.

Let the figure set down at number 3 be repeated here, in which let AC be a beam hollowed lengthwise in the manner of a channel (or troughed), and so floating upon standing water that the end A is held immobile, as if at the center of motion, while the other [end] C can be carried around by an equal and uniform motion from C, through G, to D. Let there be, besides, some globe at C, connected by a cord to a great weight hanging under the water from A, so that it can be drawn through the trough of the beam; and let the depth of the standing water be so great that the weight does not reach the bottom of the water when the globe has come from C to A—that is, let the depth of the water be greater than the length of the beam AC. First, then, with the beam at rest, let the weight be dropped from A downward, and let the time in which the globe moves from C to A be measured by the pendulum (of which we have often made mention in measuring Seconds of an hour); and at the same time let the percussion made by it upon some body placed at A be carefully observed; and let the same be done while the globe again comes from E to A, which is a journey half-smaller. Then, the globe being brought back again to C, at the same instant in which the weight is dropped from A and the globe begins to move from C, let the end C of the beam begin to be carried around uniformly toward D; and let the time in which the globe C reaches A be measured, and the percussion noted. For it will appear that the percussion is greater when [the globe comes] from C than when from E (while the beam was at rest); and that the time from E to A exceeds half the time spent from C to A. But, the beam being carried around uniformly, an inequality will indeed be observed in the aforesaid percussions and times, but not so great—because the transverse motion blunts the motion that would be along the straight line CA of itself; and the more so, the faster the transverse motion of the beam shall have been. But if the velocity of the circular motion be precisely so great that the motion of the globe (dropped whether from C or from E) turns out really equal—at least to sense—whether its real way be made through the circle CSTI or not, then the percussion too will be, to sense, as great for the globe dropped from C as [for one dropped] from E; and the time spent from E to A will be half the time spent from C to A. All which will be still more easily achieved if the beam AC be so inclined to the plane of the horizon that the globe runs freely down to A, the immobile end, while the other end C, raised, is carried around through a circle equidistant from the horizon. And hence the Copernicans will learn that an impetus which of itself would grow unequally cannot be inhibited to equality without the inequality of percussion being impeded too. Finally, from other more certain experiments it is manifest that the same heavy body, if dropped straight down, is moved faster than if [it descends] obliquely—as in the experiments of the 11th Class, adduced above at ch. 16, no. 22, compared with others in which the same globe was dropped perpendicularly down; and in rivers, of which one branch flows down through a straight channel, the other through meanders and a less steep channel.

Application of the same Argument to very many Heavy Bodies

[VI.] Although we have used the example of the clay globe of 8 ounces—because we employed it, of its kind, most frequently, as being more easily procurable on account of the multitude of many such globes needed for repeating the experiments often (for each of them a fresh globe was required, to be substituted in place of the preceding one, now broken or bruised)—nevertheless the argument made holds for the greatest part of those heavy bodies which are heavier than our air to such a degree that they can overcome the fluctuations of the air made by an ordinary breeze, without disturbing the aforesaid proportion. For such bodies are either heavier in species than the clay globe, or not much lighter—so that they descend from a height of 240 feet either in a shorter time than 4 Seconds, or not much longer. Nor will you find any [such body] which, to traverse so small a height by natural descent, requires one whole minute of time. For a leather playing-ball, and an orange, are not apt to overcome the usual commotion of our air without fluctuating somewhat in descent (as we have experienced more than once); and I say the same of certain wooden globes of lighter grade—and yet these very globes reached the ground from a height of 280 feet (namely, from the cornice of the Asinelli tower) in a shorter time than 8 Seconds. Wherefore all bodies (which are indeed very many) apt to overcome the fluctuation of the air without disturbing the due proportion of the velocity-increment descend from a height of 240 feet in less than 8 Seconds. And yet, if they required for this a whole minute of time—in which, namely, a point of the terrestrial surface, by the force of the diurnal rotation, traverses 15 minutes of the Equator (or of a parallel of the Equator)—still the argument would hold, because within the first minute of the first degree of this motion the line described by the heavy body (on account of the diurnal motion alone) is, to all subtlety of sense, circular; from which it would follow that its motion is in reality equal, as we showed at number 4. And that it is circular will be clear to one investigating the chords, and thence the spaces which are the complements of the chords, in the manner we taught at ch. 17, no. 14, and in this chapter at number 3. Which, that it may be more evidently established, we shall investigate in this place. Let, then, the whole time of the globe's descent from a height of 240 feet be 60 Seconds, which make one Minute; which, accordingly, divided into four equal times—namely, into fifteen Seconds of an hour [each]—would require, for each of them, 3 minutes of the Equator and 45″ [of arc, i.e. 3′45″]. But, for the sake of abundance and ease, let there be four minutes [of arc] in each of the arcs CF, FG, GH, HL of the premised figure; for they will be of double the number of


[…continues on p. 412 (PDF 447) with the catchword "Minu-" (Minuta): "…minutes"—the computation generalizing the First Argument to a one-minute descent.]





(printed p. 412 — within Chapter XIX. The extension to many bodies concludes with a synopsis table showing that even for a one-minute descent the fall-line on a rotating Earth deviates insensibly from the squares-proportion circle, so the First Argument holds for all bodies heavy enough not to fluctuate in air. A further sub-head extends the argument to bodies off the Equator, whose fall traces a curve on a right cone, sensibly planar over four seconds; a demonstration for 45 degrees latitude (Bologna) begins.)
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…minutes—namely of 8 minutes [each], [for] the arcs CS, ST, TV, VX; wherefore the arc CT will be of 16 minutes, CV of 24, and CX of 32. Their complements, therefore, will be: AIS = 179° 52′, AIT = 179° 44′, AIV = 179° 36′, AIX = 179° 28′; from the halves of which the right sines will be found, which, doubled, will give the chords of the aforesaid arcs; and the chords, subtracted from the greatest chord AC, will leave the spaces traversed at the end of the equal times, in parts of which AC is taken (as above) of 20,000,000,000—as may be seen in the following table:




	Tower-arc
	Fall-arc
	Complement to the semicircle
	Half-complement
	Sine of the half
	Chord
	Segment
	Proportion





	CF — 8′
	CS — 0° 16′
	AIS — 179° 52′
	89° 56′
	9,999,993,231
	AS — 19,999,986,462
	FS — 13,538
	1



	CG — 16′
	CT — 0° 32′
	AIT — 179° 44′
	89° 52′
	9,999,972,923
	AT — 19,999,945,846
	GT — 54,154
	4



	CH — 24′
	CV — 0° 48′
	AIV — 179° 36′
	89° 48′
	9,999,939,076
	AV — 19,999,878,152
	HV — 121,848
	9



	CL — 32′
	CX — 1° 4′
	AIX — 179° 28′
	89° 44′
	9,999,891,692
	AX — 19,999,783,384
	LX — 216,616
	16






[Translator's note: the chains complement → half-complement → sine → chord → segment are internally consistent and imply the fall-arcs CS, CT, CV, CX = 8′, 16′, 24′, 32′ (and tower-arcs 4′, 8′, 12′, 16′), as the surrounding text states; the table's printed "Tower-arc" and "Fall-arc" columns appear at double that scale (a source slip). The conclusion is unaffected.]



Let it now be made: as the first space FS, 1, to the second GT, 4, so 13,538 to another—and you will find 54,156; again, let it be made: as FS, 1, to HV, 9, so 13,538 to another—and you will find 121,842; lastly, let it be made: as FS, 1, to LX, 16, so 13,538 to another—and you will find 216,608. The spaces found from the chords subtracted from the greatest chord, [compared] with those found by the proportion due to the square numbers, are therefore deficient in GT by 2 parts, but in HV exceed by 6 parts, and in LX by 8 parts—of which parts the whole AC (that is, the semidiameter of the earth) is 20,000,000,000. Now the semidiameter of the Earth, as we showed in bk. 2, ch. 7, contains 4139 recent Italian and Bolognese miles—that is, 4,139,000 paces, or 20,695,000 feet, or 248,340,000 inches. Let it therefore be made: as 20,000,000,000 to 8 parts, so 248,340,000 inches to another—and you will find not one whole inch (or finger in breadth), but this fraction of one inch [≈ 1/10], that is, about a tenth part of an inch. Wherefore LX would differ, at the most, by one tenth-part of a finger taken in breadth, from the space due [for it] if the line CSTVX were geometrically circular; but HV and GT [would differ] much less. Therefore, if a Heavy body, for descent from a height of 240 feet, did not require a whole Minute of an hour, it would nevertheless, in descent, still describe a line sensibly circular at the Equator (according to what was said at number 3), and consequently would really be moved equally (according to what was said at number 4). Wherefore the aforesaid argument holds for all bodies so heavy that, for natural descent through a height of 240 feet, they require no time longer than one Minute of an hour—of which kind is the greatest part of heavy bodies, as being apt to descend through our air without sensible fluctuation, or [without] that [air] moving them from the line sensibly perpendicular.

Application of the same Argument to Heavy bodies placed outside the Equator

[VII.] We have hitherto used the argument as made, supposing the Heavy body to descend in the plane of the Equator—because the demonstration of the real equality of motion (which would necessarily follow from the circular motion) has greater evidence if the line of motion be in one and the same plane, as the nature of a perfectly circular line requires. Yet it has its Physical evidence, sufficient to infer the same equality, in places outside the Equator too—the more truly, the less they are distant from the Equator. For although outside the Equator heavy bodies, in descending (the diurnal motion of the earth being admitted), describe the line of their motion as a curve on the surface of a right cone having its vertex at the earth's center and its axis coinciding with the Equator's axis—and that motion begins from the periphery of the conic base, as we showed at ch. 17, no. 18—yet within the time of 4 Seconds of an hour (in which, in the premised argument, we supposed the globe to have descended from a height of 240 feet) the revolution of the aforesaid cone is so small with respect to the transverse magnitude (or thickness of the cone taken near the base) that, to sense, it is just as if the motion were made on a plane surface; nor could that slight deflection from one plane to another be so great as to effect a real, sensible inequality of motion, as great as the percussion and other similar effects evince—[effects] indicating a real increment of impetus.

But, lest anyone think this said from a certain supine carelessness, let us undertake the demonstration of the said [point]—and indeed one accommodated to a Parallel declining from the Equator by 45 degrees, such as is most nearly that in which we instituted our experiments, and Galileo his, so that from this, as from a mean, judgment may be made of the others. Let there be, in the following little diagram, a cone ABC, whose vertex is at the earth's center B, and whose axis (coinciding with the Equator's axis) is BM; and let the base of the cone be the circle AECD, turned toward the viewer of this page in a direct position, for ease of demonstration—although, by the laws of Perspective, it ought to be represented in an oblique aspect, as an ellipse. And let the Parallel of the Equator, on which is the tower-foot, be FHG; let the tower itself be GC; and let a globe, dropped from its vertex (or window) C, descend to the point H of the terrestrial surface, through the curved line LH, in the time of 4 Seconds of an hour—in which the point C, by the force of the diurnal rotation, completes the arc CK, which is of one Minute (since, in a circle parallel to the Equator, so great is the arc of the Equator answering to 4 Seconds of an hour); but its half, namely the arc CL, is of 30″. And the second sine PC of this arc—equal to the straight line MO—is 9,999,999,894 parts, of which the Radius ML is 10,000,000,000; from which, if you subtract the sine PC, there is left the versed sine, or sagitta, OL, of 106 such parts. But that the quantity of the arc CLK, and of the line OL by which the arc CLK recedes from the straight line COK, may be known in determinately taken parts, it must be recalled that in the semidiameter of the earth there are 20,695,000 Bolognese feet, and in the diameter 41,390,000 (as I said at number 6, toward the end)—whence it comes about that the circumference of the greatest circle is 129,964,600 feet; for, from what was said in bk. 1, ch. 4, the diameter is to the circumference as 100 to 314, and therefore in one Minute of the Equator are contained 6020 feet. But because we suppose the circle AECD to decline from the Equator by 45 degrees, the arc CK—by the problem of Giovanni Antonio Magini and Giuseppe Moletti (in bk. 1, ch. 20, of the Geography of Ptolemy), and [by] the table—


[Translator's note — the engraved cone figure (lower right): a right cone A·B·C seen face-on, vertex B at the bottom (the Earth's center), axis B·M rising to the top center M; the base circle A·E·C·D (A at left, D top, C right, E lower); the latitude-parallel F·H·G crossing it (F left, H center-low, G right), carrying the tower G·C; and near C the fall-geometry points P, O, K, L with the descent-curve L·H. Drawn upright for ease, though perspectively it would be an ellipse.]

[…continues on p. 413 (PDF 448) with the catchword "lam" (tabulam): "…and the table"—the 45°-latitude computation of the fall-curve's deviation continues.]





(printed p. 413 — within Chapter XIX. The 45-degree-latitude computation finishes: the fall-curve recedes at most about two inches from the plane, an insensible amount, so the First Argument holds even off the Equator. The First Argument ends and the Second Argument opens, aimed at the diurnal and annual motions together: bodies dropped in the equatorial plane would fall with a real, equably-growing increment at any hour, but on a doubly-moving Earth some would not; the figure-exposition and its computation begin.)
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…[the arc CK] there, in Moletti, will be 42″ 25‴ of the Equator. Now the periphery AECD is to the periphery of the terrestrial Equator as 42″ 25‴ to 60″; and because circumferences are to one another as their diameters (or semidiameters), and conversely, therefore [they are] as 60″ to 42″ 25‴; so [is] the semidiameter of the earth to the semidiameter ML of the parallel. Let it therefore be made: as 1 Minute, or 60″, to 42″ 25‴, so 6020 feet to another—and there will come out the arc CLK of 4219 feet. Again, let it be made: as 60″ to 42″ 25‴, so the 20,695,000 feet of the terrestrial semidiameter to the semidiameter ML, [namely] 14,441,500 feet. Finally, if it be made: as the Radius ML, of 10,000,000,000 parts, to the versed Sine OL, of 106 parts, so 14,441,500 feet to another—there will be found the sagitta OL of 0.153 feet, that is, nearly the 6½-th part of a foot. Wherefore the arc CLK, which is of 4219 feet, does not deflect from the straight and plane line COK—where most [it does]—by more than two inches of one foot, which, in an arc of 4219 feet (or of 844 paces, or in a circular periphery of nearly one Mile), is not a sensible portion. Therefore, if a heavy body descending from C were to proceed along the arc CLK in the time of 4 Seconds of an hour, it would not decline from a plane surface by [more than] 2 inches of a foot, or 3 fingers, in breadth. But it proceeds along LH, which recedes less from a plane surface, and approaches nearer to the straight line CLG existing in the same plane; therefore it deflects from a plane surface even less—although, in Geometrical rigor, it proceeds along a conic surface. Nor does this clash with what was said at ch. 17, no. 18; for there we disputed against Galileo, pronouncing universally that the line of motion of Heavy bodies is circular, [yet] not restricting his proposition to a heavy body which completes its descent in 4 Seconds, and [Galileo] supposing—besides the diurnal motion—the annual motion of the Earth, and speaking of the whole semicircle continued right to the center of the Earth.

II. Argument against the Diurnal AND Annual Motion of the Earth together, drawn from the Real Increment of the velocity of Heavy bodies

[VIII.] I see that the Argument made hitherto does not militate except against the Semicopernicans, who attribute to the Earth the diurnal whirling only—whom I reviewed at chapter 2. But the Copernicans could refer the real inequality of the descent of heavy bodies to the annual motion of the Earth mixed with the diurnal; granted that Galileo, an asserter of both motions, denies this inequality, as we said at chapter 17, no. 8. Therefore the weapons must be directed against both motions—namely, by the following argument:


Many heavy bodies dropped through the air existing in the plane of the Equator would descend to the earth with a real, notable, and equably-growing increment of velocity, at whatever time of day they were dropped. But if the Earth were moved by the Diurnal motion together with the Annual, some out of those many Heavy bodies dropped through the air existing in the plane of the Equator would not descend with a real, notable, and equably-growing increment of velocity, [at] whatever time of day dropped. Therefore the Earth is not moved by the Diurnal motion together with the Annual.

[Margin: Proof of the Major.]



The Major is proved at number 2; for here nothing else is added to the Major of that argument, except that the increment of velocity grows in the same way at whatever time of day the heavy body is dropped downward—which is sufficiently established from our experiments, especially in the clay globes, made both morning and evening and around midday; for we always obtained the same proportion of the square numbers, and the same percussion, and elevation of weight, and perforation of watery depth, in the same globe dropped from the same height; and the same will be established for anyone not neglecting these experiments.


[Margin: Part of the Minor is proved.]



[IX.] The Minor is proved as to the particulars real and notable Increment. For by the force of the precisely diurnal motion, the descent of the clay globe of 8 ounces through 240 Roman feet in the time of 4 Seconds of an hour would be really equal (granted apparently unequal), and the increment of velocity would turn out in reality none, or contemptible, as was shown from number 2 to 5—which demonstration was applied at number 6 to very many heavy bodies. By the force of the annual motion too, the motion of that globe would be equal without any difference worth caring about, because the annual motion of the earth's center, within 4 Seconds of an hour, is entirely equal [uniform], and in each [Second produces just as much]—not otherwise than the Sun, in the hypothesis [that moves the Sun]; and the vertex of the tower, from which the Globe is dropped, in this time describes a line insensibly differing from a circular one; and the aforesaid Globe meanwhile describes arcs equal to the arcs described by the tower-vertex, without any notable difference, or any to be cared about, as we shall show presently.

In the following diagram, from A, the center of the annual orb, describe the arc BC, in which the Earth's center, carried from C to B (the Eastern point), is at the beginning of the globe's descent at C; but at the end of the first Second of an hour at P, at the end of the second at D, at the end of the third at Q, at the end of the fourth at B. And let the straight line AH, produced from A, have upon it the Tower (or height) HF, of 240 feet—so that its vertex H, with the interval AH, describes in the time of 4 Seconds the arc HG, similar to the arc CB, such as it would describe by the force of the Earth's annual motion alone. And if this were done, the globe dropped from H would, at the end of the first Second of an hour, appear at R, the space ER (which is as 1) being completed, and the tower would be at EX; at the end of the second Second the globe would be at S, the space LS (as 4) being completed, and the tower at LY; at the end of the third the globe would be at T, the space MT (as 9) being completed, and the tower at MZ; and at last, at the end of the fourth Second, the globe would be at O, the space GO being completed—of 16 parts, of which ER is one—and the tower would be at GO, and the globe's path would be HRSTO.

In reality, however, in Geometrical and Astronomical rigor, according to the hypothesis of Copernicus, the Tower FH is also moved in the Equator toward P by the diurnal motion, completing in the time of 4 Seconds of an hour one whole Minute of the Equator; wherefore at the end of the fourth Second it is not at GO, but a little more eastern and inclined, say at KI—the arc IO of one Minute being completed, namely; and therefore the vertex H described not the arc HG, but the arc HK. Yet I say that, to sense (or without any difference to be cared about), it described an arc similar—nay, even equal—to the arc HG, and coinciding with it; and consequently that the Tower KI can be assumed in the position GO, and in the preceding times in MZ, LY, EX, just as if it had not been inclined at all by the force of the diurnal whirling. To show which, I produce the straight line KI to B, and connect K with the center A by the straight line AK. For in the triangle KAB, besides the angle ABK of 179° 59′ (as being the complement of the angle KBG, which measures the arc OI of one Minute, traversed by the tower in the time of 4 Seconds), the side BK is given—the aggregate of the height of 240 Roman feet and the Earth's semidiameter BI, which (from what was said in bk. 2, ch. 7) is 5174 old Roman miles, that is 5,174,000 Roman paces, namely 25,870,000 Geometric feet. Wherefore the whole BK is 25,870,240 feet. Besides, from what was said in bk. 3, ch. 7, the mean distance of the Sun from the Earth is 7300 terrestrial semidiameters, that is [so many] Roman feet—


[Margin (beside the figure-exposition): "The Earth's Annual motion, in the time of 4 Seconds, would be entirely sensibly Equal." — "Exposition of the Figure." — "1. Progress of the demonstration."]

[Translator's note — the engraved figure (fig. #36, top right) is the compound-motion radial fan: a sheaf of straight lines converging downward to the annual-orb center A; across the top runs the short arc of the Earth's path (carrying the Earth-globe through C, P, D, Q, B from west to east), and just above it the tower-tops and successive fall-positions are marked — the tower positions E·X, L·Y, M·Z, G·O / K·I and the globe's curved path H·R·S·T·O, with the point V lettered on one of the radii. It is the same construction used for the diurnal case (fig. #32, the equatorial fan, p. 404), here re-purposed for the combined diurnal-plus-annual motion.]

[…continues on p. 414 (PDF 449) with the catchword "Roma-" (Romanorum): "…of Roman feet"—the Sun-distance reduced to feet, continuing the triangle KAB computation of the Second Argument.]





(printed p. 414 — within Chapter XIX, Second Argument. The triangle computation is completed, showing the tower's arc on the annual orb is sensibly circular, so a globe dropped from the tower would move sensibly equally, with no notable real velocity-increment, even on the annual motion. To remove any scruple about the diurnal motion's addition, Riccioli then treats both motions together with an epicycle-on-eccentric figure, distinguishing three cases in which the diurnal motion adds to, subtracts from, or leaves unchanged the annual.)
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…of Roman feet, 188,851,000,000. With BG therefore joined (which is as great as BK), together with AB, the whole AG comes out 188,876,870,240 Roman feet—as great as are the several lines AH, AE, AL, AM. Now if, by the laws of Triangles, you use a Radius (or whole Sine) of 12 ciphers [10¹²], as it is in Pitiscus's great Canon, and you make: as the sum of the sides AB, BK, to the difference of the same, so the Tangent of the half-sum of the angles adjacent to the base AK (which half-sum is of 30″) to another number—you will find the Tangent of the angle of 0° 0′ 29″ 56‴ 40⁗; which, added to the aforesaid half-sum (that is, to 30″), makes the angle AKB of 59″ 56‴ 40⁗; but subtracted from the same half-sum, leaves the angle BAK of 3‴ 20⁗.


[Margin: 2. Progress.]



These angles being acquired, if again, by the rules of Trigonometry, it be made: as the Sine of the angle AKB to the given opposite side AB, so the Sine of the angle ABK to the opposite side AK—the side AK will be found [to be] 188,876,870,238 7/10 Roman feet. Wherefore the line AK—by which, at the end of the globe's descent, the tower-vertex is distant from A, the center of the Great Orb—is very nearly equal to the line AG, and to the rest, AM, AL, AE, AH, which are severally of 188,876,870,240 Roman or Geometric feet, nor differs from them save by 1 foot and 3/10. Which little difference is utterly contemptible with respect to the Radius AG, which is of more than 180,030,000,000 feet. Nay, even if AK differed from AG by the whole tower-height IK, that is, by 240 feet (which, however, is impossible, since the tower has described only the arc OI, which is of one Minute), still that difference could be despised. Therefore, if AK is sensibly equal to AG itself, much more are the rest of the straight lines drawn from A to the arc HK equal to the same lines produced to the arc HG; wherefore the arc HG may be taken, without any estimable difference, for the arc HK; and the arc HK [may be taken] as an arc perfectly circular, so far as concerns our purpose; and the tower's situation at the end of the descent may be taken just as if it were at OG, or on the line AG—and much more, in the preceding time, as if it were on the lines AE, AL, AM. Moreover, in the time of 4 Seconds of an hour the Earth's center (whose motion is as great as the mean motion of the Sun) traverses the arc CB of 9‴ 51⁗ 24⁗ᵛ; and the tower-vertex, from H to G, traverses very nearly as much; and of just as many scruples is HK, described from its own center.


[Margin: 3. Progress.]



Let AH now be bisected at V; and from the center V, with the interval VH, let there be described through the tower-vertex H the circular arc HO; for it will be of double the scruples that the arc HG is—namely, 19‴ 42⁗ 48⁗ᵛ; and any arc of it will be of double the [number of] minute-parts than any arc of the periphery HG, intercepted by the same straight lines drawn from the center A. And accordingly, as to absolute length, the whole arc HG will be equal to the whole arc HO; and the arc HE to the arc HR; and EL to RS; and LM to ST; and MG to TO. All which proportions are evident from the things demonstrated in the like figure at number 4 of this chapter. And I chose the tower's situation opposite to the Sun in the nocturnal hemisphere, because in such a situation there is danger of a greater inequality in the increment of velocity, as I shall say at number 12.


[Margin: 4. Progress.]



[XI.] Lastly, I say that the globe spoken of above, dropped from H in the time of 4 Seconds, describes—to sense—the circular line HRSTO, equal to HG (or HK) itself; and accordingly, from what was just said, completes in equal times arcs as great as the point H traverses on the arc HG, that is, [arcs] sensibly equal. For since at the end of the four Seconds the globe appears severally on the perpendicular of the tower—that is, at EX, LY, MZ, GO—and (as to appearance, from what was proved at ch. 16, no. 12) the first space completed by the globe (namely ER) is as 1, the second LS as 4, the third MT as 9, and the fourth GO as 16; and since these very spaces, this proportion being preserved, lie between the circular line HG and HO (if that be designated with a semidiameter double-greater than this, as we supposed by construction), so long as the first arc HK does not exceed one Minute (as is clear from the things demonstrated a posteriori by the tables of Sines and Chords at number 3)—since, I say, these things are so, and the aforesaid globe describes only one line by its descent, it follows that it describes the circular line HRSTO, and therefore moves sensibly equally, without any notable real increment of velocity.

[XII.] But because some scruple could still remain in someone's mind, on account of the appendix added to the annual motion by the Earth's diurnal motion—and [because someone might] thence suspect some notable, and great, inequality in the motion of heavy bodies, which, though it would be imperceptible to Astronomical instruments, would yet absolutely be of many Miles or paces or feet, and that from it would arise that more vehement percussion and real increment of impetus, manifest from that very percussion—we shall show that not even in this way is that inequality notable, or so great that the more vehement percussion could be ascribed to it; nay, that sometimes it will be utterly none, sometimes even with a decrement, but for the most part contemptible and insufficient to uphold the experiments of the real increment of impetus of heavy bodies (which is [argued] from the more vehement percussion, the higher the place from which they descend).


[Margin: The second part of the Minor is proved.]



Now we shall use the figure we used in book 7, section 5, chapter 3, for the Stations and Retrogradations of the Planets. Since, from Galileo himself (Dialogue 4, On the System of the World, according to Copernicus), the Orb of the terrestrial globe is to the Great Orb as the Epicycle to the Eccentric; and the points of the terrestrial surface, and the bodies completing the diurnal conversion together with it, become daily quasi-twice stationary, and through almost the whole day are in a manner retrograde, but through the whole night quasi-direct, as to that addition of motion which the diurnal adds to the annual. Therefore, from E, as center, let there be understood described the arc LDK of the Great Orb, carrying the terrestrial globe ALCK, [whose] center [is] D, toward the Eastern region L; and let the point A, on the periphery of the terrestrial Equator (or a terrestrial body placed there), be moved toward L, completing the whole conversion ALCKA in 24 hours.


[Margin: 1st Case.]



For, firstly, it is manifest that around the point L (where the Sun, [seen] from E, rises, [the observer] being placed [there]) and K (where it sets), the diurnal motion adds or subtracts nothing to the annual motion of the center D; wherefore, if a globe descending—and, together with the earth, completing a particle of the diurnal conversion within 4 Seconds of an hour (that is, traversing one Minute of the Equator, ALCK)—be nearest to the morning place L, or the evening place K, its motion is as equal as the annual motion itself is, nor is it at all varied by the diurnal.


[Margin: 2nd Case.]



Secondly, since in the whole arc KAL the motion is composed of the annual [motion] of the center D and the diurnal (as promoting [the body] toward the same region as the center), the diurnal so adds to the mean annual motion that it adds more and more from K, through H, to A—and most of all at A—but less and less [as it adds] from A to L. On the contrary, because the diurnal motion in the whole arc LCK tends toward the contrary region, [it serves] to subtract from the annual motion—yet so that it subtracts more and more from L to C, but less from C to K. Hence it comes about that, although any terrestrial body always progresses in world-space, yet it really moves unequally (if we wish to keep Astronomical rigor): and it becomes faster than the mean motion of the center in the arc KAL, and fastest at A, the midnight point, but slower in the arc LCK, and slowest around C, the midday point; and by that reasoning [it serves] to imitate the Direction and Retrogradation of the Planets, and the inequality of the prosthaphaereses which the Epicycle introduces upon the Eccentric.


[Translator's note: the print reads "the midnight point C," repeating the phrase used of A; but C is the point of the epicycle nearest the orb-center E (the Sun), hence the midday point, diametrically opposite the midnight point A — a compositor's slip. The physics is unambiguous: maximum addition (fastest) at the antisolar point A, maximum subtraction (slowest) at the subsolar point C.]

[Margin: 3rd Case.]



Thirdly, from what has just been said it follows that in the whole left arc ALC the inequality of the annual motion made by the diurnal is with a decrement, because the diurnal in the arc AL adds less and less continually to the annual, but from L to C subtracts more and more. On the contrary, in the right arc CKA, the inequality is with a continual increment of mo[tion]—


[Translator's note — the engraved figure (fig. #37, lower right) is the epicycle-on-eccentric diagram borrowed from bk. 7, sect. 5, ch. 3 (planetary stations & retrogradations): a sheaf of straight lines converging downward to E (center of the Great Orb / the Sun); across the top the eccentric arc L·D·K (Great Orb, carrying the epicycle-center D eastward); and the small circle of the terrestrial globe A·L·C·K (epicycle) with A at top (antisolar = midnight, farthest from E), C at bottom (subsolar = midday, nearest E), L at left (sunrise) and K at right (sunset), plus the prosthaphaeresis lines G·V·T and the auxiliary points carried over from the planetary figure.]

[…continues on p. 415 (PDF 450) with the catchword "tûs" (motûs): "…of motion, in that from C to K the mean annual motion is diminished less and less, and from K to A increased more and more."]





(printed p. 415 — within Chapter XIX, Second Argument. The third case of the diurnal modulation of the annual motion closes, leaving only the task of reckoning the tiny inequality in feet. The page lays the numerical groundwork — how far an equatorial point and the Earth's center advance per second — with a full-width reference table of the Earth's and Great Orb's dimensions on three sizings, and begins computing the angles subtended by the four fall-arcs of the 240-foot, four-second drop.)
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…of motion, in that from C to K the mean annual motion is diminished less and less, and from K to A is increased more and more. And thus the two earlier parts of the proposition asserted at the beginning of number 12 are established—namely, that sometimes the diurnal [motion] brings no inequality to the annual motion, as at the points L and K; sometimes brings it in such a way that it is rather with a decrement of velocity, as in the arc ALC. It remains to prove the third part, concerning the exceedingly small inequality which the diurnal motion adds to the annual, even if it be regarded in paces or feet.

[XIII.] But before we show that, we must first know how many paces or feet a point placed on the terrestrial Equator is advanced, in each Second of an hour, by the force of the diurnal motion, and the Earth's center by the force of the annual motion. Both of which depend on the paces and feet contained in the semidiameter of the earth, and in the semidiameter of the Great Orb; for, these being doubled, the diameter is had; and if it be made: as 100 to 314, so the diameter to another, the circumference is had; which, divided by 360, gives the paces or feet contained in one degree; and these, divided by 60, give the paces or feet of one Minute; and so, by continued division by sixties, the number of feet contained in one Second, Third, or Fourth becomes known. Wherefore, if it be known how many scruples of degrees the Earth's center is advanced by the force of the annual motion in each Second of an hour, and how many [feet] likewise a point of the terrestrial Equator [is advanced] by the force of the diurnal motion, the number of feet that are completed by the force of each motion will at once be known.

It must therefore be supposed, from what was said in bk. 2, ch. 7, that the Earth's semidiameter contains 5,174,000 old Roman paces, that is 25,870,000 feet; but the semidiameter of the Great Orb, from what was said about the mean distance of the Sun in bk. 3, ch. 7, [contains], on the Copernican [view] 1142, on Kepler's 3381, on ours 7300 terrestrial semidiameters. Besides, from the tables of the Primum Mobile, any point of the Equator traverses, in one Second of an hour, fifteen Seconds [of arc] of the Equator; and from the tables of the mean motion of the Sun (according to what was said in bk. 3, ch. 17) the Earth's center traverses, in each Second of an hour, 2‴ 27⁗ 51⁗ᵛ. These things being supposed, you will learn the rest from the following little tables, in which, as to terrestrial measures, we follow only our own opinion.


[Margin: the second part of the Minor is proved.]






	Quantity
	(Great-Orb size)
	Old Roman miles
	Roman paces
	Roman feet





	TERRÆ — Diameter
	—
	10,348
	10,348,000
	51,740,000



	Circumference
	—
	32,512
	32,512,000
	162,560,000



	1 Degree of the Equator
	—
	90⅓
	90,333⅓
	451,665



	1 Minute
	—
	1 505/1000
	1505½
	7527½



	15 Seconds [= 1 time-Second]
	—
	(under 1 mi)
	376¼
	1875¼



	1 Second
	—
	(under 1 mi)
	25 1/12
	125 5/12



	ORBIS MAGNI — Diameter
	Copernicus
	11,817,496
	11,817,496,000
	59,087,480,000



	
	Kepler
	35,006,588
	35,006,588,000
	175,032,940,000



	
	Ours
	75,540,400
	75,540,400,000
	377,702,000,000



	Circumference
	Copernicus
	37,106,937½
	37,106,937,500
	185,534,687,500



	
	Kepler
	109,854,698⅓
	109,854,698,320
	549,273,491,600



	
	Ours
	237,196,856
	237,196,856,000
	1,185,984,280,000



	1 Degree
	Copernicus
	103,074⅚
	103,074,833
	515,374,165



	
	Kepler
	305,152
	305,152,000
	1,525,760,000



	
	Ours
	658,880 56/360
	658,880,020
	3,294,400,100



	1 Minute
	Copernicus
	1718
	1,718,000
	8,590,000



	
	Kepler
	5085 52/60
	5,085,750
	25,428,750



	
	Ours
	10,981⅓
	10,981,333
	54,906,665



	1 Second
	Copernicus
	28 38/60
	28,633
	143,165



	
	Kepler
	84 46/60
	84,766
	423,830



	
	Ours
	171⅓
	171,333
	856,665



	1 Third
	Copernicus
	(under 1 mi)
	477 13/60
	2386 1/12



	
	Kepler
	1 5/12
	1412 46/60
	7063 5/6



	
	Ours
	2 51/60
	2855
	14,277¾



	Annual advance per time-Second (2‴ 38⁗ ⁄₆₀)
	Copernicus
	1 193/1000
	1193
	5965



	
	Kepler
	3 532/1000
	3532
	17,660



	
	Ours
	7 138/1000
	7138
	35,690






[Translator's note: in the miles column the dagger-cross ✠ of the source marks a value under one mile (here rendered "(under 1 mi)"). The last row is the Earth-center's actual mean advance per Second of time — its 5965 Roman ft on the Copernican value matches the figure used at ch. 19, no. 5 (printed p. 411). Each paces-figure = miles × 1000, each feet-figure = paces × 5.]



We shall, however, apply these measures to recent Italian miles in another way, at chapter 22, from number 1; but we chose these here so as to use the Geometric foot (which is the old Roman one), just as we used it in observing the descent of heavy bodies.

[XIV.] Now, the figure of number 12 being resumed, let us suppose the plane of the terrestrial Equator (even though in reality it is inclined to the plane of the Great Orb) to be nevertheless in the same plane; for it will not be hard to judge of what befalls it when inclined to that [plane]. And since the clay globe spoken of above descends from a height of 240 feet in 4 Seconds of an hour, this time being divided into four, and the globe being supposed at G at the beginning of the motion, let there be, for the several Seconds, four equal arcs GV, VT, TI, IC—each of which, from what was said a little before, is of 15 Seconds [of arc], but of 1875⅓ feet, from the first part of the preceding table. And let the points of these divisions be connected with the centers D and E by the straight lines DG, GE; DV, VE; DT, TE; DI, IE. Now it is proposed to investigate the four angles at E. Which will not be hard: for in the triangle EDI the angle EDI is given, measuring the arc CI of 15 Seconds; and the Earth's semidiameter DI [is] as 1; and the Great Orb's semidiameter ED is, to me indeed, 7300 such [parts] as DI is 1, but on the Copernican [view] 1142; therefore the angle DEI will not lie hidden. Similarly, in the triangle EDT, there are given DT as 1, and DE as above, and the angle EDT of 30 Seconds; wherefore the angle DET will become known, from which, the [angle] DEI being subtracted, IET will be left; and in like manner the remaining angles at E will be found, since the angles EDV (45″) and EDG (60″, or of one Minute) are known.


[Margin: Sum of the Precept.]



Let it therefore be made: as the aggregate of the two given sides to the difference of the same, so the Tangent of the half-sum of the angles at the base [to another]—and there will come out the Tangent of the angle to be subtracted from the aforesaid half-sum, so that the sought angle at E be left. Or, if you are accustomed to the compendia of Logarithms, join into one sum the Residue of the Logarithm of the aggregate of the given sides, the Logarithm of the difference of the same sides, and the Mesologarithm of the half-sum of the angles at the base; for there will result the Mesologarithm of the angle to be subtracted from the aforesaid half-sum, so that the angle at E be left known. By which method we have detected the angles written below.


[…continues on p. 416 (PDF 451) with the catchword "Angu-" (Anguli): a table of the four angles at E, continuing the proof that the diurnal motion adds only a negligible inequality (in feet) to the annual motion.]





(printed p. 416 — within Chapter XIX. Three computation tables finish the Second Argument's proof: in almost the whole diurnal circle the diurnal motion adds no sensible inequality to the annual, yet the real percussion-differences are large — so the increment cannot be saved as mere appearance. A sub-head extends the Second Argument to most heavy bodies even off the Equator; then the Third Argument opens against the diurnal motion alone, arguing from the Axiom that the real increment must be equal everywhere, which a rotating Earth would violate, beginning with the polar-drop figure.)
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[Margin: 1st Table.]






	The Angles at E
	Copernican (4ths ′ 5ths)
	Ours (4ths ′ 5ths)





	C E I
	59⁗ 0ᵛ
	56⁗ 0ᵛ



	I E T
	55⁗ 0ᵛ
	52⁗ 0ᵛ



	T E V
	51⁗ 30ᵛ
	48⁗ 30ᵛ



	V E G
	48⁗ 30ᵛ
	45⁗ 30ᵛ





Now the arc CI, which is seen from E in a direct position, is of 1875¼ feet (as I said in the first part of the preceding table, no. 13); which [feet] the diurnal motion takes from the annual—for me, [the annual motion being] of feet [≈ 35,690] (from the last part of the table, no. 13)—when the point I traverses the arc IC. But the rest, IT, TV, VG, are seen more and more obliquely, and take away so many fewer feet from the annual motion as the angles they subtend are smaller. Wherefore, if it be made: as the angle 59 to 55, so 1875¼ feet to another, we shall have the very nearest feet which the diurnal subtracts from the annual in the arc TI; and so of the rest. Let there be, then, for these four arcs, another table, both in Copernican and in our measures—between which the Keplerian are intermediate.


[Margin: 2nd Table.]






	Arc
	Copernican (feet)
	Difference
	Ours (feet)
	Difference





	C I
	1875¼
	—
	1875¼
	—



	I T
	1748
	127
	1741
	134



	T V
	1637
	111
	1624
	117



	V G
	1542
	95
	1523
	101





Wherefore, if we subtract these arcs from the annual motion answering to one Second of an hour (which is, as I said, of 28,555¼ feet), we shall have the equated annual motion of terrestrial points, when they are not distant from the point C by more than one Minute—in which situation the differences, and the inequality, are greatest, just as also at the point A. But, the trigonometric calculation being extended from the point C up to an arc distant from the point C by six Minutes, I find the differences now to turn out so equal that they do not differ by one whole foot, as is clear from the following table, gathered from our measures.


[Translator's note: the source prints the per-Second annual motion here as "28,555¼ feet," but that conflicts with the value established just below (¶XV) and in the p. 415 table — namely 7 1/10 Roman miles ≈ 35,690 feet per Second (28 2/7 miles in 4″). The "28,555¼" is a compositor's slip; the demonstration (the differences vanishing to under one foot) is unaffected.]

[Margin: 3rd Table.]






	Arc-distance from C (′ ″)
	Difference of Arcs (in feet)





	0′ 15″
	—



	0′ 30″
	134



	0′ 45″
	117



	1′ 0″
	101



	1′ 15″
	87



	1′ 30″
	75



	1′ 45″
	64



	2′ 0″
	54



	2′ 15″
	45



	2′ 30″
	37



	2′ 45″
	31



	3′ 0″
	27



	3′ 15″
	26



	3′ 30″
	25



	3′ 45″
	25



	4′ 0″
	24



	4′ 15″
	24



	4′ 30″
	24



	4′ 45″
	23



	5′ 0″
	23



	5′ 15″
	23



	5′ 30″
	23



	5′ 45″
	22



	6′ 0″
	22





It is therefore manifest—as I said—that in almost the whole diurnal circle, the diurnal motion of 4 Seconds of an hour does not bring to the annual any sensible or notable inequality; since (except for the arcs of 6 Minutes before or after the points A and C) the difference of the additions or subtractions does not reach one whole foot, and yet the difference of the percussions is proportioned to the difference and inequality of the apparent increment, which is of many feet (for in the first Second the aforesaid globe completes 15 feet, in the second 60 feet, in the third 135 feet, in the fourth 240, as has often been said)—proportioned, I say, in its kind: so that the percussion is much greater from a height of 60 feet than from 15, and from 135 than from 60, and so on. Of which difference we gave a sufficient specimen at ch. 16, no. 23, in the 12th class of Experiments.

Application of the same Second Argument to very many Heavy bodies, even outside the Equator

[XV.] The Second Argument, resting on the clay globe of 8 ounces, holds for most heavy bodies of the same bulk which are heavier than it, and so descend from a height of 240 feet in a time no greater than 4 Seconds of an hour (per what was said at no. 6). It holds, besides, in very many—and nearly in all—places outside the Equator; because neither does the diurnal motion in so tiny a time carry the globe sensibly outside the same plane (as I showed at number 7), nor does the annual [motion], in that same tiny time of 4 Seconds, transfer the same globe into planes so diverse that, by reason of them, the aforesaid globe could acquire a real increment of velocity as notable as the percussion made by it evinces, when it is dropped from a higher place. For although the Earth's center in so much time traverses (by our measures, set at the end of number 13, in the last table) 28 2/7 old Roman miles—completing in each Second 7 1/10 miles—yet the plane through which the globe began to descend, following the parallelism of the Equator, uniformly declines from its prior position.

III. Argument against the Diurnal Motion of the Earth

[XVI.] A heavy body, the same in species and in number [individual]—retaining the same gravity, bulk, density, figure, and other intrinsic conditions, and dropped from the same height through the same medium—descends naturally with an equal increment of real velocity, over whatever part of the Earth it be dropped. But if the Earth were moved by the Diurnal motion only, such a heavy body would not descend with an equal increment of real velocity, over whatever part of the Earth it be dropped. Therefore the Earth either does not move, or [does] not [move] by the Diurnal motion only.


[Margin: Proof of the Major.]



The Major is clear from the Axiom premised at the beginning of the chapter, and cannot be denied except by one who would now wish to defend the presumed hypothesis of the earth's motion controverted in this place; for he has no other reason for denying this axiom, nor has he proved from more known [principles] that his hypothesis is really such, but only that it is possible, the Astronomical experiments being saved.


[Margin: Proof of the Minor.]



The Minor is proved by repeating figure 1, which we set out at ch. 17, no. 16. For in it, a globe dropped from the tower-vertex M, perpendicularly above either Pole of the terrestrial Equator, would in reality descend along the perpendicular line MP; nor by any other motion would it imitate the [diurnal] vertigo [of the earth, except by the vertigo of its own parts about the center of its own gravity, while the center itself, with the heavy body, would descend]—


[Translator's note — the engraved figure (lower right) is the polar-drop "First figure" re-used from ch. 17 (originally fig. #31, p. 403): the Earth's center carried along the Great-Orb arc A·…·C, with successive globe-circles (the polar region at successive instants), the vertical polar-axis drop-lines marked with the squares (M·1, M·4, M·9, M·P) and the points E, H, D, N·O, F, S, Z, G — showing that, on a stationary-center polar drop, the fall MP is straight and follows the squares-law 1 : 4 : 9 : 16.]

[…continues on p. 417 (PDF 452) with the catchword "deret" (descenderet): "…would descend straight down; for it would not be carried elsewhere by the force of the annual motion, which in this argument we do not suppose."]





(printed p. 417 — Chapter XIX closes and Chapter XX opens. The Third Argument's Minor finishes (a polar drop would be really unequal in appearance from an equatorial one on a rotating Earth), and a threefold Copernican response is rebutted. The Fourth Argument extends the same reasoning against the diurnal and annual motions together, and the Fifth argues from the perpendicular ascent of light bodies. Chapter XX then opens its six arguments from the rectilinear, perpendicular motion of heavy and light bodies against the Earth's motion.)
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…[the heavy body] would descend straight down; for it would not be carried elsewhere by the force of the annual motion, which in this argument we do not suppose. Wherefore the increment of velocity and of the spaces completed in equal times would really be such as appears to those experimenting and observing—namely, according to the series of the square numbers beginning from unity: and in the first Second the space completed would be M1, as one; and at the end of the second M4, as four; and at the end of the third M9, as nine; and at the end of the fourth MP, as 16.

On the contrary, the same heavy body dropped in the Equator, by the force of the diurnal motion only, would move unequally indeed as to appearance, but equally as to the real space traversed in four Seconds of an hour, as we showed in Argument 1, no. 3 (which we also applied to other parallels of the Equator at number 7). Therefore, if the earth were moved by the diurnal motion only, the same heavy body—retaining the same intrinsic conditions, and dropped from the same height (say, of 240 feet) through air of the same rarity and tranquillity—would not descend with an equal increment of real velocity, over whatever place of the earth.


[Margin: Response, twofold, to the argument.]



[XVII.] The adversaries might perhaps respond: first, that air as rare as far from that region cannot be found under the world's poles; then, that the earth attracts heavy bodies along a straight line, because the magnetic power pours itself out along the length of the terrestrial axis; lastly, that in heavy bodies there is a double power—one of moving themselves downward through the lighter medium (and this is exercised wherever they are dropped), the other of following the Earth's diurnal motion (on the hypothesis that they are dropped above a place of the earth which is turned by the diurnal motion), and this latter is not exercised in act by the bodies' center of gravity if they are dropped above the terrestrial poles, because the poles do not share in the diurnal vertigo; and therefore the rest is not equal, and on account of the first of these disparities the Minor can be denied, but on account of the other two the Major can be denied or distinguished—conceded, indeed, if everywhere [the bodies] are either drawn extrinsically by the earth or exert the same intrinsic motive power into second act, but otherwise denied.


[Margin: The response is rejected.]



But as to the first: the air under the world's poles can never naturally be so thick as notably to retard the motion of descending heavy bodies, and to impede that real increment of the spaces traversed in equal time according to the proportion which the squares of the times have. Or, if you prefer, transfer this argument to a heavy body descending through water, which everywhere is of the same density, and so on. As to the magnetic power: already at chapter 18, no. 4, we rejected it from the fellowship of the causes of motion—unless it agree from experiments and a-posteriori reasons; nor is that reason to be obtruded which is not more known than the reason for the contradictory hypothesis: which is much to be noted. Here, however, we suppose that the other arguments for the Earth's motion have already been solidly dissolved, as in truth they were dissolved.

IV. Argument against the Diurnal AND Annual motion of the Earth together

[XVIII.] This argument is exactly the same as Argument 3, if to the Minor you add the hypothesis of the annual motion too, and in the conclusion exclude the annual motion as well. For outside the world's Poles, heavy bodies, by the force of both motions, would move without a real and notable increment of velocity, along a curved line whose nearly-equal parts would be traversed in equal times—or [a line] not so unequal as are the parts of the straight line by which they would move above the Earth's poles (as is established from what was said for Argument 2). For here that portion of the way would cease which, outside the poles, would have to be traversed by the force of the diurnal motion, and only that would have to be traversed which is feigned to be run through by the force of the annual motion; for at the poles the diurnal [motion] is none.

V. Argument against the Diurnal AND Annual motion of the Earth, drawn from the motion of Light bodies

[XIX.] All the Arguments made hitherto hold, in their own way, for Light Bodies ascending upward by natural motion perpendicularly, as to appearance; for these too acquire a real increment of impetus, as has already been proved by proper experiments at ch. 16. But the argument would be more evident if we had some body so light that it did not share the nature of earth and water—as do glass spheres full of air, and artificial fires, and fiery meteors thrown upward, and smoke, vapors, little clouds, and the like, to which something of terrestrial or watery matter is always admixed. But if we had a merely aëreal or igneous body that ascended perpendicularly upward, in such a way that such ascent could be observed with the eyes, we would now be certain that the earth is not moved by the diurnal motion—at least, if beyond our [region of] air it still persevered in a perpendicular ascent. For a body of this kind ought not to follow the earth's diurnal motion, or the annual, as not being akin to it; wherefore, if the earth were moved, it would surely be deserted by it in the aëreal space, nor could its ascent appear perpendicular to us, but would appear oblique toward the West. And, on the contrary, if it appeared perpendicular, it would be a sign that the whole Earth—and that part in which the observer was—remains unmoved. Yet by however much such an ascent has the greater probability in merely aëreal corpuscles, and in exhalations, by an a-priori reason (even if it cannot be noted by the eyes, except perhaps in some Comets), by so much is the immobility of the earth more probable than its mobility. But the rest of the arguments adduced above make, for us—to whom the experiments of the real increment of impetus are established—a Physical evidence of the Earth's immobility.




Chapter XX, Six Arguments are proposed, from the Rectilinear and Perpendicular motion of Heavy and Light bodies, against the Diurnal and Annual motion of the Earth together. Most of which are Physically evident.

[I.] Most ancient and most celebrated is the subdivision of simple Local motion into that which is toward the center of the universe, and that which is from the center, and that which is around the center, or in[to a circular path]—


[…continues on p. 418 (PDF 453) with the catchword "circu-" (circularem): "…or into a circular [motion]," opening Chapter XX's six arguments from rectilinear/perpendicular fall and rise.]





(printed p. 418 — within Chapter XX, the doxographic setup and the First Argument's statement. Aristotle's threefold division of simple motion and his perpendicular-fall argument for the Earth's rest are set out, then Copernicus's and Galileo's attacks upon them (compound motion, the ship-mast stone, the charge that Aristotle presupposes the Earth at rest). Riccioli answers with the chapter's First Argument in syllogistic form — bodies fall and rise along one perpendicular line, which a moving Earth would not allow — and begins proving the Minor.)
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…[or into] a circular [motion], which befits the celestial bodies; and a straight-down [motion], which [befits] heavy bodies; and a straight-up [motion], which suits light ones—whether they be elementary or mixed, but inanimate, or [bodies] not allotted another motion by a soul. Which division Aristotle delivers in the first [book], On the Heavens, ch. 2 (or text 5 and 6), in these words:


Every motion that occurs according to place—which we call lation—is either straight, or circular, or mixed of these: for these two alone are simple. And the cause is that of magnitudes too only these are simple, the straight and the circular. The circular, then, is that which occurs around the center. The straight, that which is upward and downward. And I call "upward" that which is from the center, "downward" that which is to the center. Wherefore every simple lation must be either this from the center, or this to the center, or this circular.



Then (ch. 3, or text 17):


Let the heavy, then, be that whose nature is to be borne to the center; the light, that [whose nature is to be borne] from the center. The heaviest is that which underlies all things borne downward; the lightest, that which is above all things borne upward.



—which he repeats at bk. 4, text 26. On which foundation supposed, among other arguments by which he establishes the immobility of the earth (bk. 2, On the Heavens, ch. 13, text 101), he has this:


It is manifest, therefore, that the earth must be in the middle of the universe, and immobile—both on account of the said causes, and because weights which are violently thrown upward are borne back again perpendicularly to the same [point], even if the force should throw them to infinity.

[Margin: The three kinds of simple Local motion, from Aristotle.]



[II.] But Copernicus (bk. 1 of the Revolutions, ch. 8) endeavored to overturn this Peripatetic doctrine as contrary to his hypotheses: [holding] that the motion of heavy and light bodies is composed of straight and circular, and so is not a simple motion; and that in it the circular predominates per se, as perpetual and befitting a body now sound (that is, set in its own place), but the straight [befits it] per accidens, as [it befits] one sick and disordered, as being placed outside its own place; and that there is no straight motion in reality, but [one] distinguished from the circular only by thought. Let us select his own words. First he says:


We must confess that the motion of falling and rising [bodies] is, in relation to the world, twofold, and altogether composed of straight and circular.



Then, having said that not only terrestrial but igneous things (as kindled from terrestrial matter) follow the nature of their whole—that is, are carried around with the earth—he adds:


Therefore, what they say—that the motion of a simple body is simple—is verified primarily of the circular, so long as the simple body remains in its natural place and in its unity: for in [its] place there is no other than circular motion, which remains wholly within itself, like [a thing] at rest. But the straight supervenes upon those things which wander or are thrust out from their whole natural place, etc. And nothing is so repugnant to the order of the whole and to the form of the world as to be outside one's own place. Straight motion, therefore, does not befall except things not rightly disposed, nor perfect according to their nature, while they are separated from their whole and depart from its unity.



Then, a few things being interposed about the unequal motion of heavy and light bodies (slow at the start but swifter in progress), and about the equality of circular motion, he concludes:


Since, therefore, circular motion belongs to wholes, but straight [motion] also to parts, we can say that the circular remains together with the straight, as an animal [remains together] with [being] sick. And indeed this too—that Aristotle distributed simple motion into three kinds, from the center, to the center, and around the center—will be thought an act of reason only: just as we [conceptually] distinguish a line, a point, and a surface, although the one cannot subsist without the other, and none of them without a body.



And thus far, indeed, Copernicus.


[Margin: Copernicus's doctrine on the distinction of Straight and Circular motion.]



[III.] But Galileo, by far with more mines, tried—from the very beginning of Dialogue 1, On the twofold System of the World—to perforate and undermine the said foundations of the Aristotelian [doctrine of] motion. For first he says that a helical line made around a cylinder seems to be counted among the simple lines; and he reproaches Aristotle, that he takes the simplicity of motion only from the simplicity of the line, and so delivers a defective doctrine, while among the simple motions he counts only that straight one which occurs upward and downward—since [motions] can be straight, and hence simple, even if they do not occur upward or downward, but forward, backward, rightward, leftward (provided [they come] from a moving principle), and provided he recognize that motion which occurs in a straight line from a heavy or light body, in a certain respect, as composite.


[Margin: Galileo's doctrine on straight and circular motion, against Aristotle.]



Then he says that straight motion cannot exist in a well-ordered World—both because it does not befit anything except disordered things placed outside their place, and because straight motion is by its nature infinite (in that a straight line is of itself infinite and indeterminate); but nature, with Aristotle agreeing, does not undertake of itself those things which cannot be completed, such as infinite motion. Besides, he approves Plato's speculation about straight motion, at the beginning of the world—that through it the bodies which were in Chaos acquired a determinate degree of velocity, but afterward [this was] converted into the circular and per se intended [motion]; and that in circular motion each point of the circumference is a beginning and an end. Further, he denies that it is sufficiently proved by Aristotle that heavy bodies move to the center of the Universe, from the fact that they move to the center of the Earth or downward—for those two centers are not one and the same, and the center of the universe is an imaginary point destitute of all power. Again he carps at the Peripatetics, that they attribute to the whole earth, as natural, a straight downward motion to the universe's center—which motion, however, it never had, but is supposed about to have, if it were placed outside it; whereas the circular motion of fire in a circle, which they in fact concede to it, they call preternatural.

And in Dialogue 2 (Italian page 119 and 132, but [pages] 90 and 99 of the Latin version) he proposes Aristotle's argument for the earth's rest, taken from the perpendicular descent of heavy bodies, or the falling-back of projectiles into the same place from which they were thrown up perpendicularly along a straight line: which argument he denies holds, unless the Earth be supposed to rest. For unless this be supposed, as long as we are uncertain whether the Earth moves or not, we are uncertain too whether the descent of heavy bodies occurs along a really straight and perpendicular line, or along a curved and oblique one—since it is certain that, if the earth moves, it must occur along a curved [line], or one mixed of straight and circular; which motion Aristotle ought not to have denied to heavy bodies falling downward, since he conceded it to fire tending straight up of itself but carried around circularly on account of the heaven's motion. And he adduces the so-often-repeated example of the stone which falls from the top of a ship's mast to the foot, whether the ship move or rest; but [says] that if it rests, the descent is rectilinear, while if the ship moves, it turns out in reality curvilinear and transverse—of which we said more in the scholia of chapter 4.

Notwithstanding these things, however, we shall teach that the Argument of Aristotle, Ptolemy, and others for the earth's rest holds. Which can be formed thus:


[Margin: 1st Form of the Argument.]

[IV.] Heavy bodies dropped of themselves through air or through water descend of themselves to the earth along a straight line falling perpendicularly upon the earth; and heavy bodies thrown up along a straight line perpendicular to the earth fall back of themselves into the same place whence they were thrown, along the same straight line, likewise falling perpendicularly upon the earth. But if the Earth were moved by the Diurnal vertigo of 24 hours alone, or even by the Annual motion, they would not descend, nor fall back into the same place, along a straight line perpendicular to the earth. Therefore the Earth is moved neither by the Diurnal vertigo of 24 hours, nor by the Annual motion.



Thus it pleased [us] to form the argument, which Aristotle indicated to us above in a few words (bk. 2, On the Heavens, ch. 13, text 10); and which not only his interpreters there receive, but also Peter Alhazen (9.2, conclusion 3 on the sphere); Clavius (ch. 1 of the Sphere, page 96 in my [copy]); Tycho (in the Epistles, p. 167); Scheiner (in the Mathematical Disquisitions, from p. 30); Chiaramonti (in the defense of the Anti-Tycho, Italian, part 2, ch. 3); and most Physicists and Cosmographers. Now I added in the Major the particle "of itself" (per se), in order to exclude an impediment which could occur per accidens from a wind or other mover disturbing the descending body transversely; but in the Minor I expressed that vertigo of the earth which the Copernicans posit—namely, that which is wholly completed in 24 hours—otherwise, if the revolution were much slower, it could be feigned so slow that it would not physically vary the straightness of the descent of heavy bodies descending in the briefest time. These things being set out, the Major and Minor must be proved; but we shall show the Minor first, because we shall get free of it more briefly, and almost the whole difficulty is in the Major.


[Margin: Proof of the Minor.]



[V.] The Minor, then, is proved, because in that time in which heavy bodies are wont to descend or fall back into the same place, the Earth, by the diurnal vertigo toward the East—and much more [by the annual motion]—


[…continues on p. 419 (PDF 454) with the catchword "gis" (magis): "…and much more by the annual motion, [the Earth] would withdraw that place of the terrestrial surface above which the heavy body had been dropped."]





(printed p. 419 — within Chapter XX, First Argument. The Minor's proof completes: on a moving Earth the fall would be really curvilinear though apparently straight, as the Copernicans themselves confess. The Major's proof then opens with a long epistemological digression: rightly applied senses present things as they are or are corrected by more-manifest sensations, and the degrees of evidence — Metaphysical/Mathematical, Physical, and Moral — bind assent until a higher light proves the opposite; mere Copernican "possibility" cannot overturn the physically evident perpendicular fall.)
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…[much] more by the annual motion, [the Earth] would withdraw that place of the terrestrial surface—above which the heavy body had been dropped, or from which it had been thrown up perpendicularly—from that place of world-space in which it had been when first the dropping or throwing of the heavy body was made; and indeed [withdraw it] far and notably. Wherefore, for that heavy body to appear always in the same straight perpendicular line, and to fall back apparently into the same place, it would be necessary that it recede from its original straight line, and so descend that, by following the earth's original place, it would move transversely, and indeed along a curved line, really falling obliquely upon the earth—as is clear from the figures set out at chapter 17, nos. 16, 17, and 18; and from the confession both of Copernicus and Galileo (in the places adduced at nos. 2 and 3), and of Kepler, Gassendi, and Bullialdus, who teach that this motion is really curvilinear (per what was said at ch. 4, scholia 2 and 4, and ch. 17, no. 3). Wherefore that descent or rebound would apparently seem rectilinear and perpendicular to the earth, but in world-space would really be curvilinear, and falling obliquely upon the earth.


[Margin: Proof of the Major.]



[VI.] The Major is proved. For that is to be asserted [as true] which is Physically evident, and is not established to be false from a higher light (that is, from more evident, or at least more certain, principles); for, to deny it or to assert the opposite, it does not suffice that the opposite is possible, or has certain congruences, or perfections desirable under some respect. But that heavy bodies dropped, or thrown up perpendicularly, descend or fall back along one and the same straight line perpendicular to the earth—this is of itself so physically evident that it is not established to be false from a higher light (that is, neither from more evident, nor at least from more certain, principles). Therefore it must be asserted that such motion is straight; and accordingly it is straight. Now we have included two propositions in this proof, which themselves seem to need further proof.


[Margin: Proof of the first proposition.]



The first is, that one must affirm that to be such [= true] which is so Physically evident that it is not established to be false from principles of a higher light producing greater evidence or certitude; and that it does not suffice, for denying it, that the opposite be possible, or have certain congruences. Which proposition, indeed, is manifest from the whole science of Physics—which would otherwise perish, unless this were true—since the whole [of it] rests on first principles [drawn] from sensations duly had. But [sensations] are not duly had, nor fit to generate Physical evidence, if from other sensations equally or more manifest they are detected to be fallacious and in need of correction: as when, a stick being drawn out of water, we see, and confirm by touch, that it is straight which before appeared curved; or when we see a stone dropped perpendicularly from a masthead—the ship meanwhile running—describe in the air (as seen from the bank or shore) a curved line falling obliquely on the ship's bottom, which to us (or to others carried along in that ship) appeared to descend along a straight and perpendicular line; or when we prove that the Sun (which seems to us a foot wide) is not a foot wide, from the Sun's distance [found] by Eclipses or by Lunar dichotomies, and so by other more certain sensations. Wherefore, since the senses of themselves—that is, for the most part, nay always, if they are applied in the due manner—represent to us such objects as they are on the side of the thing, or manifest some other [things] by which we may be able to correct the fallacy of other sensations: possession stands for the sensations, and presumption must be made in their favor, as long as the opposite is not convinced from principles of a higher light—whether of the Catholic Faith (which has certitude without evidence), or of Metaphysics, Mathematics, or a science subalternate to Mathematics and Physics, but in which the principles of Mathematics predominate.


[Margin: Natural evidence, four degrees.]



At which place I judge it should be recalled to memory—or even brought to the notice of those who perhaps never learned it—that there are four degrees of evidence in the natural sciences, according to the four total natural sciences (taking "natural" as it is opposed to "supernatural"): namely Metaphysics, Mathematics, Physics, and Moral [science]; which, however, are reduced to three, because Metaphysical and Mathematical evidence have the same force.

Now Metaphysical and Mathematical evidence is that which renders some proposition so evident that it is altogether impossible for the thing to be otherwise, the first principles of Metaphysics and Mathematics being saved—[principles] which are most absolutely true, and rest on this axiom most manifest of all, It is impossible for the same thing to be and not to be; or on axioms arising thence proximately or very nearly, of which kind are very many divisions of beings—as when we say, Every being is either corporeal or incorporeal; either substance or accident; either finite or infinite, etc.; or when we say, Every whole is greater than its part, or, If from equals you take equals, the remainders are equal. For these are so true that not even by the divine power can they fail to be true.

The second evidence is Physical, which renders some proposition so evident that it is impossible for it not to be such, the first principles of Physics being saved (that is, the mode of being and operating of natural things and causes)—granted it be not repugnant for it to be otherwise, the principles of Metaphysics or Mathematics being saved, or by God's absolute power. In which way it is evident that "Every heavy body dropped of itself tends downward"; "Every fire is combustive"; "Daily in the Torrid and Temperate Zone the Sun rises above the horizon, and always moves in a circle"; "Every animal is mortal—nay, about to die"; "A Solar Eclipse occurs only at New Moons"; "Under every accident there lies some proper substance"; and so of the like—granted that, if God should will (as He has sometimes willed), these could be otherwise. Since the axe floated upon the water at Elisha's command, and St. Peter's body upon the sea at Christ's bidding; and the fire of the Babylonian furnace did not burn the three boys; and the Sun stood still at Joshua's command; and at the Savior's death the Sun suffered an Eclipse from a Moon that was at the Full; and daily, in the Most Holy Sacrament of the Eucharist, Physical accidents are found without the proper substance of bread and wine. Wherefore evidence of this kind is not altogether absolute, but has implicitly annexed a certain hypothesis and tacit limitation—namely, if Nature exists and operates according to its accustomed and due mode; or if the mode of being and operating of natural causes, as such, be regarded.

Lastly, Moral Evidence is when, the principles of prudence being saved, the thing cannot be otherwise—granted it be repugnant neither to Metaphysical nor to Physical principles for it to be otherwise. In which way it is evident, to one who has never seen these, that Rome or the Ocean exists, but has heard from the constant report of upright men that both are found. Further, Physical and Moral evidence persists, and has the force of determining the intellect to assent, as long as it is not established (from divine revelation, or from the principles of Metaphysics or Mathematics) that the opposite is true. In which way the probability of an opinion, too, remains, as long as the opposite has not been evidently known.

These things being posited, I said that that is to be asserted which is so Physically evident that it is not established to be false from principles of a higher light—otherwise that evidence ceases, because that tacit condition on which it rested ceases. Yet I said that it does not suffice, for denying [something] to be, that [its opposite] has been made manifest by such evidence—if its opposite be possible, or have some congruences for its real existence. Otherwise, of all things which are possible (and which, if they existed, would surely have some goodness and perfection), we could assert real existence—which is erroneous, even if we had no sign of either's existence between the two contradictories. By how much more, therefore, is it erroneous to deny something such to be, of which we have sufficient signs—and to deny it [merely] because its opposite has some congruences and desirabilities, and is not otherwise impossible? Is not the equality of the Lunar month, and the uniformity of the motion of the Moon and of all the Planets, and the configurations of the fixed stars according to regular figures, possible—nay, do they not have great and desirable congruences? Quite truly. Would anyone on that account dare to deny that some Lunations are shorter, others longer? Or, if you refer this to apparent inequality, what of the figures of the stars? Are these too to be called really regular, and only optically irregular? If anyone should dare to say this, let him by all means go on and rub his forehead further [past all shame], and affirm that in reality there is no summer, no winter, no pains, no diseases, no death—but that these only appear [to be]; on the ground that the temperateness and evenness of weather and of the humors, and immortal life, are possible and more desirable beings. For it is no more evident that summer and winter exist, etc., than that the natural descent of heavy bodies is rectilinear and perpendicular to the earth.


[…continues on p. 420 (PDF 455) with the catchword "terrę" (terrae): "…perpendicular to the earth," completing the sentence and continuing the Major's proof.]





(printed p. 420 — within Chapter XX, the First Argument (from the perpendicular fall of heavy bodies) concludes: the perpendicular fall is Physically evident, no divine authority or Metaphysical reason contradicting, so the Aristotelian argument stands. Then the Copernican response (Rothmann, Galileo, and especially Gassendi's dissertation on the fallibility of sense) is set out and rejected: Physical evidence requires only that sense not be deceived after due examination, and the burden of proof falls on whoever claims it is.)
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…[perpendicular] to the earth. But if you say that, in the examples enumerated, the appearance of them cannot be conjoined with the privation of [their] real existence, or at least cannot [be] without a miracle—I too will say that neither can the appearance of the straight motion of heavy bodies be conjoined with the real privation of straightness without a miracle; and in the controversy on the notion and definition of a miracle, I shall have as supporters all the best Theologians, who recognize so great a miracle in the motion of the whole earth, and in the rest of the Sun, that they deny this motion could come about naturally by the whole Angelic power. And to these we ought rather to adhere than to the Galileists and the rest of the Copernicans, for whom, without any miracle, the Sun stands and the Earth is revolved. Lastly, it must be noted that this proposition—"Heavy bodies descend either along a straight line, or along a non-straight one" (which alone the adversaries concede to be evident)—is evident Metaphysically (understand, on the supposition that they descend); but we here only require and defend the Physical evidence.


[Margin: Proof of the 2nd proposition.]



[VII.] Secondly, in the proof of the Major we said that it is Physically evident that heavy bodies dropped, or thrown up to the perpendicular, descend and fall back along one and the same straight line falling perpendicularly upon the earth; and [it is] so evident that the falsity of this straightness cannot be convinced from any higher light, or more certain principles. For it is established by the experiments of all ages and places that this motion appears straight—not [straight] to some, or sometimes, but not [straight] to others, or at other times, but [straight] to all and always. Nor does any authority of God gainsay this appearance, since it rather most especially supports it by this very fact, that [God] most often affirms the Earth to be immobile to us. Lastly, no reason taken from Metaphysics or from Mathematics certainly and evidently resists the straightness of this motion; as is clear both from the solution of the arguments adduced for the earth's motion (from chapter 5 to chapter 19), and from the confession of the Copernicans, who openly concede that, on either hypothesis (namely, of the Earth immobile and moved), all the Phenomena can be saved. And indeed Galileo (Dialogue 2, On the System of the World, Latin page 81) says most pointedly:


And this motion of 24 hours, as to this first appearance, in no way prevents it from being able to be in the Earth alone, as much as in the whole rest of the world except the Earth. For the same appearance would be beheld in the one position as in the other.



From no effect, therefore, can it be convinced that the Earth moves, and so that the descent of heavy bodies is not—as it appears—rectilinear and perpendicular with respect to the earth. And let these things suffice for the Aristotelian argument. Yet let us hear the responses of the Copernicans.

Response of the Copernicans to the 1st Argument, and its Invalidity

[VIII.] Rothmann, however (in the Tychonic epistles, p. 185), Galileo (Dialogue 2, On the System of the World), and Gassendi (Epistle 2, On motion impressed by a translated mover, pp. 80 and 106) respond by distinguishing the Major, and conceding it if it is certain from elsewhere that the Earth does not move and that our senses are not deceived in judging the rectilinear motion of Heavy bodies, or if the earth's motion is not common both to us observing the motion of the heavy bodies and to the heavy bodies themselves; but otherwise denying the Major. And they press the example of one who, ignorant of the motion of the ship in which he is carried, would accordingly judge the fall of a stone dropped from the masthead (or the descent of a globe dropped through the water of a vessel enclosed in that ship) to be rectilinear—which in reality, on account of the ship's motion, would be curvilinear in world-space (granted it would not be recognized, because the eye observing that motion would be carried along together with the ship). And Gassendi indeed, granted he withholds assent, yet adds certain things there which (to use Chiaramonti's words) would altogether destroy the Criterion of sense—that is, the judicative power resting on the sensations—however rightly the sensitive power were disposed, and the object duly presented, and the medium not disturbing the sensation. For Gassendi says:


[Margin: Gassendi's dissertation against the fallacy of the Senses.]

But now the globe is the Earth, into which we were transferred as if sleeping, or rather in which we were born without thinking. But from when we opened our eyes, and beheld, besides this globe, another—namely the Sun—in the same sea (as it were), or world-space, with the Earth, it was asked to which of these globes rest belonged, [and] to which motion? But we without hesitation pronounced that without doubt rest belongs to the Earth, and motion to the Sun. Pythagoras, Plato, Aristarchus, other ancients, and likewise Copernicus, Galileo, Kepler, and many more recent ones, warned [us] that perhaps we are deceived, and that the Sun rests and the Earth moves; yet we persisted against [them], and were made the more obstinate, the more, attending, we observed that the parts of the Earth are not mutually torn apart from one another—but that yonder mountain is always to the North, this city to the South, yonder river to the East, this island to the West; and that we meanwhile run about upon the Earth just as we run about through the house or city in which we were born; so that, just as neither the house runs about through the city, nor the city through the province or the Earth, so neither may the Earth itself seem to run about through the spaces of the world. And thus indeed our imagination is disposed from [our] birth; nor do we notice that the Earth is perhaps like a ship, and that it can come about that, existing on the Earth, we are deceived just as that Mediterranean[-sailor] while he is in the ship. For what will be the difference? Or what reason of difference? And what way of discerning either truth or error [from within]? And I do not indeed say that the Earth therefore moves, [and] the Sun rests; but I say that better reasons must be sought than those drawn from sense itself. And if indeed we had never experienced the fallacy of our sight, we would seem excusable, and could object that nothing is more manifest or more certain than sight, and that, faith being withdrawn from the eyes, nothing would be worthy of persuasion. But because experience has taught us that sight is so greatly deceived, and that faith is not always to be placed in the eyes—and that especially when motion is in question—what else can be answered than that both sight and the other senses are to be corrected by reason?



These [things] he [says], with a declamatory elegance of style, indeed, but striking nothing, and not even pricking Aristotle.


[Margin: The adduced response is rejected.]



[IX.] For the aforesaid response and distinction is worth nothing, because for Physical evidence it is not required that we be certain from elsewhere that the Earth rests, and that our sense is in no way deceived; but [only] that it is not deceived when every application of the [sensitive] power, and every examination of the medium and object naturally possible to us, has been made. Otherwise we would have to proceed to infinity from one sensation to another and another, with a perpetual fear of error; or, if this certitude had to be sought from other principles supposing no sensation, then it would not be Physical certitude, but either Metaphysical, or Mathematical, or Theological—which would be importunately and unskillfully required in this place. But the example of one observing the fall of a heavy body in a ship has no parity; since not all, nor always, are ignorant that the ship moves, and there are natural means of detecting that ignorance, and accordingly of correcting the fallacy of sense. On the contrary, however, there is no natural means by which we could certainly and evidently detect that the Earth moves, and we with the Earth, and accordingly that sense is deceived in judging the rectilinear motion of heavy bodies. Nay rather, from the more vehement percussion, if they fall from a higher place, we have an argument—from the sensations themselves—that the increment of velocity is real, and so that the Earth does not move, as is clear from the preceding chapter. And the a-priori reasons for the Earth's motion, [drawn] from certain congruences, are now abundantly solved, from ch. 5 to 19; and there are not lacking, in the Earth's motion, many other absurdities—just as there are not lacking, in its rest, very many utilities, and congruences with the end intended by God and desirable by us. Wherefore, even if the weights of the a-priori reasons were equal on both sides, in this there will always be a disparity: that for the Earth's rest and the rectilinear motion of heavy bodies stands the universal sensation of all men, at any time and place; but for the curvilinear motion of heavy bodies, and the motion of the Earth, there is no sensation, nor can there be. And upon him who asserts that sense is deceived falls the burden of proof—and indeed a most valid one; otherwise all tribunals will adjudge the lawsuit against so many eyewitnesses.


[…continues on p. 421 (PDF 456) with the catchword "II. Ar-" (Argumentum): the Second Argument of Chapter XX, "from the Brevity and Shortcut of the journey of Heavy and Light bodies naturally hastening to their own place."]





(printed p. 421 — within Chapter XX: the Second Argument, from the brevity and shortcut of the journey of heavy and light bodies — nature demands the shortest path, but a moving Earth would force falling bodies onto enormously longer curved transverse paths; two Copernican responses are rebutted. Then the Third Argument, from the simplicity of motion, begins: a moving Earth needlessly multiplies motion-species, inequalities, and velocity-degrees in the same falling body, varying by latitude.)
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II. Argument, from the Brevity and Shortcut of the journey of Heavy and Light bodies naturally hastening to their own place


[Margin: 2nd Form of the Argument.]

[X.] The nature of Heavy and Light Bodies demands that, if they are outside the place due to them, [the impediments] being removed, they reach it by tending along the shortest possible way. But if the Earth were moved either by the diurnal motion only, or even by the annual, neither Heavy nor Light bodies placed outside the place due to them would—however much the impediments were removed—reach it by tending along the shortest way. Therefore the Earth is moved neither by the diurnal nor by the annual motion.

[Margin: Proof of the Minor.]



The Minor is proved in the first place, because there is no controversy about its truth, nor can it be denied by the adversaries if the way it would have to traverse in the hypothesis of the moved earth be compared with the way [it would traverse] in the hypothesis of the resting earth. For if the Earth in no way moves, Heavy and Light bodies dropped tend and reach their place along a straight line perpendicular to that place toward which they tend—than which no way can be shorter. But if the Earth moves by the diurnal motion only (and much more if also by the annual motion), it is necessary that heavy bodies divert downward from the straight way, following the Earth and its motion—both the diurnal, that they may fall to that point above which they were dropped perpendicularly or thrown up (which point has now, on account of the earth's vertigo, been withdrawn from the original perpendicular); and the annual, lest they fall outside the whole earth. Wherefore they must describe, by their motion, a transverse and curvilinear way, such as we sketched at ch. 17 from no. 16. And the same is to be said of Light bodies tending upward, for these too must appear to the eye (carried along with the earth) in the same straight line, and drawn up perpendicularly from the earth's surface. And so, for example, the clay globe—which (per ch. 16, no. 12) we observed to descend from an apparent height of 240 feet in the time of 4 Seconds of an hour—if it followed only the diurnal motion of the Earth, then, in order to fall into the same place above which it was dropped, it would have had to traverse, if it were on the Equator, at least 7527 Roman feet (as many, namely, as are contained in one Minute of the Equator, per ch. 19, no. 13, in the first part of the table; for in four Seconds of an hour one Minute of the Equator is revolved). And if it further followed the annual motion of the Earth—since the Earth's center traverses, in each Second of an hour, 2‴ 28⁗ of the annual orb (that is, in four Seconds, 9‴ 52⁗)—it would have had to traverse, by the force of this motion alone, at least 23,860 feet (or 4772 Roman paces, that is 4 4/5 miles), if we follow the Copernican Diameter of the Great Orb; but if [we follow] ours, it must have traversed at least 142,760 Roman feet (or 28,552 paces, that is 28 2/5 old Roman miles)—as may be gathered from the table of chapter 19, number 13. Which [distances], by a very long interval, exceed the shortest and perpendicular way of 240 feet.


[Margin: Proof of the Major.]



The Major is proved, because in inanimate bodies—whose motion is not determined by a soul—Nature uses a shortcut, nor does it do through more what it can [do] through fewer: which axiom indeed the Copernicans use, or rather abuse, to attribute the simplicity and unity of the diurnal motion to the Earth alone, and deny it to the Fixed [stars] and the Planets. Besides, that very increment of impetus, by which Heavy and Light bodies are moved faster and faster toward the end [of their journey], is an argument of nature striving for the shortest and most expeditious journey, that they may reach their place. Yet the response must be heard which the Copernicans could devise.


[Margin: 1st Response to the 2nd Argument, equally weak.]



For it can be responded, first, by distinguishing the Major, and conceding it comparatively with respect to the place of its whole (to which they wish [the body] to be conjoined), [the place] meanwhile translated, and on the supposition of imitating the motion by which their place moves—for, these being kept, they cannot be borne by a shorter way; but denying it absolutely, or [denying it] when comparison is made with the place over which they perpendicularly hung or rested when first they were dropped. But who does not see that this is fabricated from the necessity of the hypothesis about the Earth's motion—which, since it is controverted, ought not to be presumed as certain; but the controversy must be settled from other more-known [things]? Now it is more known that the Nature of these bodies requires [the shortest way] a priori; nay, if we acquiesce in the observation and testimony of the senses, it is also more known a posteriori that [Nature] pursues that conjunction of the parts with their whole, and their restitution to their place by the shortest way; surely it would be better to be united to it at once by a straight [line], and afterward, if it [the whole] moves circularly, to be moved circularly with it.


[Margin: 2nd Response.]



It is responded, secondly, by conceding the Major, if the brevity of the journey of the elementary bodies does not suppose multiple motions and the journeys of the celestial bodies—[but] denying [it], if it does suppose [them]. Now, if the brevity of the journey of Heavy and Light bodies along a line perpendicular to the Earth is retained, the diurnal and annual motion of the Earth must be transferred from the Earth to the stars; but it seems that the simplicity of the celestial bodies (as being simple) should rather be favored than that of the elementary bodies. Yet always, in the hypothesis of an immobile earth, the foundation drawn from the sensations prevails—on account of which both the earth's rest and the diurnal motion of the stars is reasonably asserted—which foundation the hypothesis of a moved earth lacks. Then, already at ch. 6 (from no. 11 to 15) and ch. 9 (from no. 1 to 5), we showed that more motions are multiplied if the Earth moves (the necessary motions of the stars also being computed) than if it rests.

III. Argument, from the Simplicity of the motion of Heavy and Light bodies


[Margin: 3rd Form of the Argument.]

[XI.] The species of motions, or the diverse inequalities and diverse degrees of velocity in the same Movable, must not be multiplied without necessity. But if the Earth were moved by the diurnal or even the annual motion, there would be multiplied, in heavy and light bodies, the species of motions, and the diverse inequalities and degrees of velocity in the same movable, without necessity. Therefore the Earth is moved by neither motion.

[Margin: Proof of the Major.]



The Major is used by the Copernicans, in order to substitute the single diurnal motion of the earth, and the single annual [motion], for so many other motions of the Fixed [stars] and the Planets, which would have to be admitted if the Earth were immobile (as is clear from ch. 6, no. 14, and ch. 9, no. 2); and it rests on those axioms, God and nature do nothing in vain, and likewise, Beings must not be multiplied without necessity. The Minor is easily shown from the diverse figures of motions which Heavy bodies would describe in descending, if the Earth were turned by both, or at least by one, motion—which figures we delineated, after a fashion, at ch. 17, nos. 16, 17, and 18.


[Margin: How various, unequal, and not everywhere constant the motion of Heavy bodies would be, if the Earth moved.]



How various [they would be]! For if a heavy body were dropped above the poles of the terrestrial Equator, and the earth moved by the diurnal motion only, the descent would be made along a straight line perpendicular to the earth; but if [it moved] also by the annual motion, [the body] would describe a curved and oblique line upon a cylindrical surface; if [dropped] in the Parallels of the Equator, it would describe a curved line about a conical surface—and indeed of a varied cone (or one translated by the annual motion to diverse places); but if [dropped] in the Equator, that [line] would be described in nearly the same plane, as we showed in the same place. To this is added that, following the earth's diurnal motion, [bodies] would have to traverse, in the same time, more journey in the Equator than in the parallels, since in these the motion of the parts of the terrestrial surface is slower. And so the same heavy body, dropped above diverse places of the earth, would descend by diverse ways and with very diverse degrees of velocity. Besides which, it would obtain yet another inequality from the diverse times of the same day, at which the diurnal motion would sometimes add to the annual, sometimes subtract [from it], but sometimes add or subtract nothing (per what was said at ch. 19, no. 12). And the same things are to be understood proportionally of the ascent of Light bodies. Further, no necessity appears for multiplying so many varieties of motions, since, the Earth resting, all the celestial Phenomena are saved, and all the experiments of the elementary motions.


[Margin: A response not very valid.]



The Copernicans will respond by denying the Minor; for there is a necessity—not indeed a posteriori, from sensations or Phenomena, but a priori—lest in the celestial [bodies] motions be multiplied without necessity; and in an equal conflict between celestial and elementary bodies, the multiplicity of motions is to be permitted rather to the elementary than to the celestial; for through it (as supposing the earth's motion) very many other motions are excused, which otherwise in the heaven would have to be recognized—


[…continues on p. 422 (PDF 457) with the catchword "agno-" (agnoscantur): "…would have to be recognized," continuing the Copernican response to the Third Argument and its rebuttal.]
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…[would otherwise in the heaven have to be] recognized, if they are excluded from the earth. But in reality there are more motions in the world if the Earth moves than if it rests; for in the heaven motions are not really multiplied, but there is a single diurnal [motion] in each [star]—granted slower in some, faster in others. Then the disparity always prevails, on account of the physical evidence of the motion of the celestial bodies and of the rest of the earth.

IV. Argument, from the Terminus of the motion of Heavy and Light bodies, to which they tend


[Margin: 4th Argument, an Enthymeme.]

[XII.] If the Earth is moved by the diurnal motion, no reason can be given antecedent to the hypothesis of the earth's motion or rest, on account of which Heavy and Light bodies tend to that terminus to which they tend, rather than to another of the same—or even of a better—condition for terminating that motion. But it can [be given], if the Earth does not move. Therefore the hypothesis of an immobile Earth is to be preferred to the hypothesis of a mobile Earth.



Concerning the consequence, at least if other things are equal, there seems to be no room for doubt. But the prior part of the Antecedent is proved by assuming one example, that judgment may be made of the others.


[Margin: The 1st part of the Antecedent is proved.]



Let there be, upon some Rock placed on the Equator, a glass sphere, which is thrown up from there to the perpendicular, or certainly dropped above that rock from a tower: it is certain from observations that this sphere will fall onto that rock, unless per accidens it is violently impelled elsewhere, or drawn back, or impeded. Let there be, besides, on the terrestrial Equator, a lake or pond, distant from the said rock toward the West by so many paces that, if the glass sphere descended really by a straight way and did not follow the vertigo of the terrestrial conversion, it would fall into the lake or pond. For, the Earth's diurnal vertigo being posited, I ask: why does that glass fall onto the rock? If you say this happens because that glass is a partaker of that motion which the whole earth has (since it is a terrestrial body), and therefore must move toward that part toward which the Earth [moves], and around the same center around which the Earth is moved—now this reason is not antecedent to this controverted hypothesis about the Earth's motion, but supposes it; and supposes it in such a way that, even if its contradictory were supposed (namely, the privation of motion in the Earth), the glass would nonetheless fall onto that rock; wherefore no more can the motion than the rest of the earth be adduced as the cause of the descent onto the rock. If you say this happens that [the glass] may be united to its whole, or be better preserved there, or on account of the kinship which the glass sphere has with the rock, or because it is magnetically drawn by the Earth toward it—you do not satisfy; for it has no greater kinship with the rock than with the water of the lake or pond; nor is it more conserved there than here (since rather it is broken by the rock); nor is there in the rock a glassy mass having the nature of [its] whole. But if the nature of [its] whole is in the whole land-and-water globe, it will no less be united to its whole, or be drawn by it, if it falls into the water than if [it falls] onto the rock. To these [points], as Scheiner rightly argues (in the Mathematical Disquisitions, p. 30): if around the Earth's center there were a watery globe, and around this globe the earth, yet a clod of earth placed at that center would not ascend to its whole, but would remain there; therefore heavy bodies do not descend to be united to their whole, but to lie beneath things lighter than themselves. (Yet the instance has greater force if the clod is distant from the center, lest they say it does not move because neither does the center move.) If you say it falls onto the rock so that its motion may be represented to us always in the same straight line, you feign the cause arbitrarily, for our sight is not the end of that fall. What then will you say of a raindrop falling upon sand, or upon the embers of a fire? And so, wherever you turn, you can devise no solid cause of the said fall, antecedent to the hypothesis of the earth's motion.


[Margin: The 2nd part of the Antecedent is proved.]



[XIII.] The posterior part of the Antecedent is proved. For the cause for which a heavy body falls back into that place over which it perpendicularly hangs is not an appetite of uniting itself to its whole (otherwise a rock, for example, dropped through a well would have to unite itself to the side of the well, sunk in the earth), but [it is] that the parts of the universe, in the elemental system, may return as soon as possible to their place, and their order as to position be restored—namely, that the heavier may lie beneath the lighter, and the lighter rest upon the heavier; and this cannot be done as soon as possible, nor by a shorter way, than along a line perpendicular to the earth, or straight tending to the center of all heavy bodies. For although this center is a point, and is not of itself the mover or the terminus of the motion of all heavy bodies, it is nevertheless directive—as that toward which, if they tend, it is certain they will return as quickly as possible to the place due to them in the order of the universe. Just as a standard [flag] is not a sign under which all soldiers can be gathered (as a place or covering capable of [holding] them all), but is directive of their motion; nor is the cynosure [pole-star] the port of sailors, but directive of [their] navigation. For even if the whole earth had burst into various parts, they would not flow together again to the center to be in the center, but to lie beneath the lighter; for which it was necessary that they have a certain common point which would objectively determine their shortest and surest way. Similarly the Lighter must recede from the center of the heavier, on the supposition that around this center—especially in a straight line—the heavier exist unimpeded from descending beneath the lighter; and therefore they are said to move "from the center." Wherefore it is no obstacle that Kepler (in the Introduction to the Commentaries on Mars) urges that the center of the Earth is a mathematical point and nothing, and so can move heavy bodies to itself neither effectively nor objectively. This author's words are these:


Whether the mathematical point, or the center of the world, exist or not, it can move heavy bodies neither effectively nor objectively, so that they approach it. Let the Physicists prove that this power belongs to a point—which is neither a body, nor is understood otherwise than from mere relation. It is impossible that the form of a stone, in moving its body, should seek a mathematical point or the world's middle, without regard to the body in which that point is. Let the Physicists prove that natural things have a sympathy toward that which is nothing.



But we do not say [they] tend to the center without regard to the body whose center it is; nay, we suppose that around it heavier bodies are placed on all sides, and that heavy bodies tend toward these to lie beneath the lighter, and so be coordinated with them in the universe. Now Nature, and God the Geometer, used this center as a terminus toward which the Heavier, and from which the Lighter, must be borne—but not as a terminus at which, and in which, they must be placed: just as he who describes a circumference uses the center, in [the circumference of] which some things must be placed. It is false, therefore, that the center does not move [bodies] objectively, and by way of a sign, or even of a terminus of respect and order. And what Kepler adds in the same place—Heavy bodies (even if we most especially place the Earth in the center of the world) are not borne to the center of the world as to the center of the world, but as to the center of the round kindred body, namely the Earth—this we admit as far as it goes; but from this it follows that this center is the terminus from which their distance in the round body must be measured, and that their direction must be taken in such a line as is the radius or semidiameter of the round body (for this alone is that which, by its revolution about the center, constitutes the round body); and so [it follows] that the motion of heavy and light bodies naturally descending or ascending must occur in a line perpendicular to the round surface of the terrestrial globe—which cannot happen, the phenomena and the falling-back into the same place being saved, unless the Earth rests.

Yet it could be responded by the Copernicans that the consequence of the Enthymeme is true if other things are equal, or if a suitable reason can be given for the many phenomena which appear in the heaven, the Earth's immobility being supposed; but otherwise [it is] not true: and so they seem somehow able to escape the force of this argument—[holding it] only within the bounds of probability. Yet always the foundation from the sensations prevails, which the hypothesis of a moved earth lacks.

V. Argument, from a sphere hung by a little chain and dropped downward by an Angel


[XIV.] If an Angel, hanging over a terrestrial point, dropped a metallic sphere downward—but tied by a chain, the other end of the chain being retained [by him]—that sphere would tend straight toward the earth, and would stretch the chain in the perpendicular, above the original point of the earth. But this could not be, if the Earth moved.



The Copernicans will respond by denying the Major: for the sphere would tend by an oblique motion toward the East, and would thereby draw the chain with it. Or, if the Angel's force in retaining the chain were greater, the chain would indeed at last come to rest—but made oblique toward the East.


[…continues on p. 423 (PDF 458) with the catchword "VI. Ar-" (Argumentum): the Sixth Argument of Chapter XX, "from the confusion of Lines and Figures, and of Measures."]
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VI. Argument, from the confusion of Lines and Figures, and of Measures

[XV.] I bring back this argument under the title of this chapter, because it has great affinity with what was said about the straight line described by the motion of heavy and light bodies. For just as it is Physically evident that these bodies designate a straight line by their descent or ascent, so it is evident to architects that they designate a straight line by a plumb-line extended and let down; and to Practical Geometers, that by the help of a Ruler or a stretched thread they draw a straight line, by the help of a compass a circular periphery, and by the help of a square (or by problems of practical Geometry) a right angle, and thence construct for themselves various rectangular figures. But if the Earth moved, these would not be such in reality in world-space, but only optically (or apparently) on a board, paper, wall, etc.; nor would the line of sight be continued along one and the same straight line. Nor could one who ran toward the East, or drew furrows with a plow, truly say that he had run three miles in one hour, or completed the plowing of one acre in one day; for he would have measured out much more space in the world—especially if the Earth moved also by the annual motion: for besides the apparent motion, he would have completed that [motion] which the Earth had meanwhile completed by its own motion. But all these things, however alien to common sense, and paradoxical to the vulgar, the Copernicans will deny to be absurd to an intellect that knows the reasons for which the Earth's motion is asserted by them.




Chapter XXI, Fourteen Arguments are proposed, from the Motion of elementary bodies toward the four cardinal points of the World (or the regions of the Four Principal Winds), against the Diurnal Motion of the Earth. Which militate much more against the Annual [motion] joined to the Diurnal. Of which Five are Physically insoluble.

[I.] Almost innumerable are the arguments which are wont (or could) be made against the diurnal motion of the Earth—taken separately, or joined with the annual—if the motion of bodies (whether animate, or lacking a soul) toward the East is compared with the motion toward the poles or toward the West. But they are reduced to fewer, because most differ only by reason of the subject, while the form and the nature of the difficulty is the same: namely, that from the earth's vertigo toward the East it seems to follow that the motion of terrestrial, aquatic, [and] flying bodies toward the East comes out swifter, toward the West slower (or even sometimes impossible), but toward the poles [holds] in a middle way—which [consequences], since they do not answer to the experiments, [show] that this motion must therefore be reckoned among the false hypotheses. Many of these George Buchanan elegantly touched, in the poems comprised in book 1 of [his] Sphere, in these verses:


[Margin: Buchanan's poem against the Earth's whirling.]

The very birds, too, swimming through the gentle air on the oarage of their wings, would bewail their forests snatched away by the earth's swift whirl—and their nests, with the tender brood, and perhaps their dear mate; nor would the lone turtle-dove dare to trust itself to the Zephyr, lest, with the earth fleeing, its wedding-loves be borne far off, and the on-coming part [of the earth] impale itself, while the other part would never carry its wounds home; and the darts—the foes being snatched away by the earth's whirling—would fall vain beside their master's own footprints. What [shall we say], when the headlong earth twists itself ever toward the West, if the blue level plains of the deep lie sluggish, and unmoved in their lazy pools? Must not, meanwhile, either a great part of the earth float upon the waters—and, nature's compact being broken, the light wave, bearing heavy rocks in its flood, not give way, and the moisture not pierce the high mountains (the moisture untaught, before now, even to carry the smallest pebbles)? Or, if the earth resist solid against the waves, and unbroken, would not the moist part of the deep daily overwhelm a part [of the land]; and her whom the Sun had just seen, now sunk in the strait, would not night ever behold squalid with formless sand?



But let us treat this matter seriously, with arguments selected from the motions of these things.

I. Argument, from things hanging or moving in the Air toward the West


[Margin: 1st Form of the Argument.]

[II.] If the Earth were moved by the diurnal vertigo, or even by the annual translation, the clouds hanging in the air, and the rising smoke, and the birds (however much they suspend themselves, or fly toward the East) would seem to be borne always toward the West. But this is against manifest experiments. Therefore the Earth is not moved by the diurnal vertigo, and much less by the annual translation.



The Minor is clear to observers; the Major is proved. For the part of the Earth on which we, standing, would observe the said things, would snatch us toward the East by a far swifter motion than any wind would impel the clouds, or any internal impetus the birds, toward the East: since (per what was said at ch. 19, no. 13) a point of the terrestrial Equator, in one Second of an hour—that is, in about one beat of the artery—would traverse 15″ of the terrestrial circumference, namely 376 Roman paces; but in one hour, 15 degrees, that is 1355 old Roman miles. This is nearly the argument of Ptolemy (bk. 1 of the Great Construction [Almagest], ch. 7), of Pierre d'Ailly (q. 3 on Sacrobosco's sphere, conclusion 3), of Clavius (ch. 1 of the Sphere, p. 196 in my [copy]), and of Scheiner (in the Mathematical Disquisitions, from p. 30). But it pleases [me] to transcribe Ptolemy's words here:


They think that nothing can resist them, if they suppose the heaven immobile, and the earth revolved daily from West to East on the same axis.



Against whom he adds:


For it escapes them that, as far indeed as concerns the appearances in the stars, perhaps nothing prevents one from thinking these things to be so; but from those things which happen around us and in the air, this will seem very ridiculous.



Why? Because they cannot deny that the revolution of the earth, if it were so turned, would be the swiftest of absolutely all the motions which are around it, inasmuch as it would complete so great a revolution in so brief a time; so that the things which are not in it would seem to be moved always by one motion contrary to the earth. Thus neither would the clouds ever, nor anything else of flying or thrown things, seem to be borne toward the East; but the earth itself would anticipate them all, and would so resist their motion toward the East that the rest, left behind, would seem to advance toward the West. For although they say that the air is carried around similarly, and with equal velocity, with the earth, nonetheless the things which condense in the air itself would always afterward be left behind by the motion of both, etc.


[Margin: Copernicus's response to argument 1.]



Yet Copernicus responds very briefly, by implicitly denying the Major (bk. 1, ch. 8), in these words:


What then would we say of the clouds, and the other things hanging in any way in the air, or settling down, and tending up into the heights? Except that not only the earth, with the watery element joined to it, is so moved, but also no small part of the air, and whatever things have kinship with the earth in the same way. Whether because the neighboring air, mixed with earthy or watery matter, follows the same nature as the earth; or because the motion of the air is acquired, which it shares from the earth by contiguity, through perpetual revolution and without resistance.



And a little below:


We must confess that the motion of falling and rising [bodies] is, in relation to the world, twofold, and altogether composed of straight and circular. Since the things which are pressed down by their weight, being most especially earthy, [there is] no doubt that the parts keep the same nature as their whole—that is, the mo[tion]—

[…continues on p. 424 (PDF 459) with the catchword "mo-" (motum): completing Copernicus's response, that the falling parts share the circular motion of their whole.]
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…[that the falling parts] are moved by a twofold motion: one common to them and to all things which are kindred to water or earth, around the center of the earth (around which the earth and water are turned), which motion we cannot perceive, because we are carried along with the earth; the other proper [to them], and this alone we can notice. Wherefore, if the clouds, smoke, birds, etc., do not use a proper motion, yet because they are carried around toward the East by the common motion, they will seem to us—carried around together [with them]—to stand and hang in the air; but if they are moved by a proper motion toward the West or the East, this alone, separated from the motion common to us [and them], will appear.

Which response holds also concerning things hanging or moving in the most subtle air above the Peruvian and other mountains, where it is said that air fit for breathing is scarcely found; for those hanging bodies too, since they are of earthy or watery nature, partake of the common circular motion toward the East. Now the proper motion of these toward the West is nothing other than a certain subtraction and diminution of the common motion toward the East, as Galileo rightly explains (Dialogue 2, On the System of the World, Latin page 136), adding that if, in the larger cabin of a decked ship, flies, butterflies, and similar flying things be enclosed, and there be there a vessel full of water with fish; and whether the ship stand still or run, nevertheless the same proper motion of the flying and swimming things will appear in either case—so it happens to the proper motions of bodies, whether the Earth stand still or move.

II. Argument, from the motion that would be harder toward the West, and easier toward the East


[Margin: 2nd Form of the Argument.]

[III.] If the Earth were moved by the diurnal motion, it would be harder to walk, swim, [or] fly toward the West than toward the East. The consequent is false, and against common experiment. Therefore [so is] the antecedent.



Thus argue Pierre d'Ailly (on the sphere, q. 3, concl. 3) and Scheiner (in the disquisitions, p. 31). They prove the Major, because together with the earth the air too would have to move toward the East; therefore [things] which walked, swam, or flew toward the West would feel the air coming to meet them (and indeed most rapidly), and would be repelled by it toward the East; wherefore, to obtain any progress toward the West, they would need far greater force and effort. Concerning the Minor there is no controversy, for of itself, and for the most part, this difficulty is not felt.


[Margin: Response to argument 2.]



It is responded, however, by distinguishing the Major, and conceding it if bodies walking, swimming, or flying did not have, besides their proper motion, a motion common to them, the earth, and our air—circular, and toward the East—by which motion they would be borne toward the East prior in nature [to] their being impelled thither by the air. But if they have this [common motion], as it is supposed they have, the Major is denied.

III. Argument, from things (especially fluid) that would be turned toward the East


[Margin: 3rd Form of the Argument.]

[IV.] The diurnal whirling of the Earth being posited, the pinnacles of towers, and the hair of unkempt women, and the flames and smoke of fiery meteors (or their radiant tail, and that of comets), and threads tied to balls and thrown into the air, and the sails of ships, and the leaves of trees, and the ears of grain in open fields, and the smoke rising from chimneys and furnaces, would all be turned perpetually toward the East. The consequent is false. Therefore [so is] that whence it would follow—namely, the Earth's whirling. And it is much more false that [the Earth] is moved by the annual motion beyond the diurnal, because the said effects would much more follow.

[Margin: Response to argument 3.]



It is responded, as above, the Major being conceded if the said bodies were not moved toward the East by a motion common with the earth, and circular, and with equal velocity; but otherwise the Major is denied.

IV. Argument, from the Dissipation of many things in the Air


[Margin: 4th Argument.]

[V.] If the Earth and the water, and with them all terrestrial and watery bodies, were moved by the diurnal whirling toward the same part of the world with equal velocity, [then] leaden bullets would liquefy in the air on account of the excessive heat conceived from so rapid an impetus; and water ascending from the pipes of fountains would be dissipated into insensible drops, and the clouds [dissipated] into mists by any [breeze], and flames would be extinguished in the open air, and the sound of bells would either be dissipated, or felt more easily and quickly in the Western part; and no fragrance of odors could be perceived by Easterners (since [they would be] most swiftly carried toward the East); finally, the atoms [motes] which we see flitting in a ray of the Sun would float about, dissipated elsewhere. But we see none of these [things] follow. Therefore neither the Earth, nor the water, nor these bodies move with the earth or water by the diurnal whirling.

[Margin: Response to the 4th Argument.]



It is responded by denying the Major, if the air moves with equal velocity, and toward the same part of the world, with the said bodies—as it is supposed to move by the assertors of the earth's motion; for then the friction and resistance of the air ceases, on account of which those effects would otherwise follow.

V. Argument, from a cannon-ball exploded toward the West and toward the East

[VI.] This argument is most celebrated, and supported by the experiments of William, Landgrave of Hesse, and of Tycho; concerning which Tycho himself must especially be heard, in the Epistles, bk. 1, p. 189:


For that these things may be more clearly understood, he says, a ball of iron, shot obliquely from a very large cannon (which they call a "Cartow"), within two minutes of time, scarcely wearied in its motion, reaches the earth—in which [time] it would have to be revolved twenty thousand paces (a greater [distance]) by the diurnal motion in the parallel of Germany, if the Earth were subject to the diurnal motion.



For thus Rothmann himself indicated to me that his Prince [the Landgrave] had once made a trial in the explosion of a ball from a very large cannon (though not for this cause, but at least to test the space and time of the ball's advance). Kepler adds (bk. 1 of the Epitome of Copernican Astronomy, p. 108):


The Landgrave and Brahe measured the time which meanwhile elapses when a great Cannon-ball, thrust out by the force of the fires, flies across through the air before it strikes the earth: they found it [to be] of two minutes; the space of the trajectory [being] a great German Mile.



And hence Herigone took [it], when he says (vol. 5, p. 625) that the said ball in that time had traversed four Italian Miles in the air before it struck the earth. But, returning to Tycho, he in that place suggests to us his argument against the earth's motion, from these words:


And what, I ask, will happen, if from a larger cannon directed toward the East an iron (or leaden, or even stone) ball is exploded, and from the same [cannon], placed in the same spot, toward the West—and that on both sides at equal angles with the Horizon, [the cannon] being elevated with respect to the prior inclination? Is it to be thought possible that the ball, shot on both sides with the same quantity of powder and force, should traverse the same amount of space upon the earth, on account of the natural science of motion by which any ball formed from terrestrial [matter] would accompany the whole Earth? Where, then, will that most violent motion remain, excited beyond nature from the cannon-powder—which surely is, in a manner, a rival to that other natural [motion], by which the Earth would have to be turned in a circle, however swift [it may be]?



After these things he adds that in that ball there are three motions: one by which, by reason of gravity, it would tend to the center of the earth along a straight line, unless it were impeded; another by which, by consent with the earth, it would imitate exactly the circulation of the whole Earth, unless it were impeded by gravity; and a third, violent, [coming] from the saltpetre, sulphur, and inflamed charcoal, by which it is impelled thither whither it would not otherwise naturally proceed. These being posited, he argues thus. If that third motion, made from the cannon-powder, has so great a force that it impedes for a long time the natural descent of the ball intended by gravity—and impedes it so much that only after a long space traversed, and only after two Minutes of time, that ball is borne downward toward the Earth—by what privilege will the second motion (by which that ball is said to imitate the Earth's circumvolution) not be impeded by that violent and third motion? Is it because the second motion is natural? But the first too, intended by gravity, is natural. Is it because the medium is different? By no means, for it is the same thin air, nor more resisting to the violent motion. If, therefore, it impeded that [second motion] too, some difference would appear in the motion and fall of the ball shot toward the East—


[…continues on p. 425 (PDF 460) with the catchword "Orien-" (Orientem): "…toward the East, from that [ball] which was [fired] toward the West—which difference, however, does not appear."]





(printed p. 425 — within Chapter XXI: Tycho's cannon-ball argument (the Fifth) concludes — equal charges give nearly equal ranges east and west, which a rotating Earth should not allow — and is cast into syllogistic form. The responses of Gilbert and Herigone are judged null, and a fourth response (that the eastward range should actually appear greater) is given. Then the Sixth Argument begins: Tycho's second cannon argument, that shots near the poles and in diverse parallels give uniform results where rotation should produce differences.)
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…toward the East, from that [ball] which was [fired] toward the West—which [difference], however, does not appear.


For experience testifies, says Tycho there, that a ball of the same size and weight, shot in the way we said, conversely, by the force of cannon-powder of the same quantity and strength, leaves behind it nearly the same space of the earth's surface, whether shot toward the East—at, as I said, the same inclination of the same cannon—as toward the West: especially when the air is quite tranquil, and promotes or retards this or that impulse nothing per accidens; whereas, on account of the Earth's most rapid diurnal motion (if there were any), a ball shot toward the East could by no means measure out so much space of the Earth's surface, the Earth anticipating [it] somewhat by its own motion; and that one which is fired conversely toward the West [would measure more], the Earth then subtracting something of [its] surface by [its] proper motion, and on that account increasing the intercepted space.



After which he relates the Landgrave's experiment, which I reported at the beginning, and at last concludes:


By which single argument I think it sufficiently shown that there is no proper motion in the Earth from West to East—until he (namely Rothmann), with whom I was contending about this, or some other, shall have clearly shown, by unconquerable reasons, how it can come about that that exceedingly violent motion (of which I spoke) is impeded altogether nothing by those two natural [motions] which he assumes, or even disturbs these by no trace [at all].



Tycho's argument, then, reduced to the laws of the syllogism, stands thus:


[Margin: 5th Form of the Argument.]

[VII.] If the Earth were subject to the diurnal whirling, the same ball, from the same cannon, exploded in the same way, would traverse less space [when shot] toward the East than [when] shot toward the West. But the same ball, from the same cannon, exploded in the same way, does not traverse less space toward the East than toward the West. Therefore the Earth is not subject to the diurnal whirling.



The Minor is certain from the experiments asserted by Tycho. The Major is proved by the discourse of Tycho adduced [above].


[Margin: Gilbert's response to argument 5.]



William Gilbert responds (On the Magnet, bk. 6, ch. 5) by recurring to the magnetic effluvia of the Earth, which in the same way draw the cannon-ball in a circle, both toward the East and toward the West. For when he had said that some doubt how cannon-balls of a larger culverin—[fired] with a similar quantity and strength of powder, and also at an equal direction and altitude through the air—would be shot at an equal interval from one fixed place toward the East and toward the West, the earth being moved toward the East, he adds:


But they are deceived who bring forth arguments of this kind, not noticing the nature of the primary globes (of which kind is the globe of the earth), and [its] combination with its [own] globes, even if they are not joined by solid parts. But the Earth, by the diurnal revolution, [is] not [moved otherwise] than [is] the same [ball] exploded toward the East. On the contrary, a ball shot toward the East is, in the same interval of time, advanced by the snatching of the earth itself through 8 Miles, and itself adds a ninth, being indeed shot violently likewise toward the East. Thus, whether it be exploded toward the East or toward the West, it is always borne toward the East—only a little more in this [eastward] case than in that [westward] one. But this composite world-space has nothing to do with the space upon the earth which men can measure: this is nearly the same on both sides, because the force is the same, because the magnetic bonds are the same on both sides, from which the ball is, as it were, snatched and transported into [places] further on.



Yet he adds that, if some slight difference were to intervene, the opportunity of experimenting would be lacking: For who, he says, will make me certain of the same force of powder in each explosion, and of the other circumstances being the same on both sides?


[Margin: Herigone's 3rd response.]



But the response of Pierre Herigone (vol. 5, p. 625) is not so perspicuous; and it supposes other measures—namely, that the said cannon-ball, exploded on the Equator toward the West, in two Minutes of an hour is moved toward the East through 26 Italian Miles, and strikes and overturns walls, on account of the swifter [motion] of the walls (by the force of the diurnal whirling) than the eastward motion of the cannon-ball; yet so, he says, that if the globe [Earth] stood altogether immobile, it would strike them more violently.

But responses of this kind are null, since they do not even touch the force of the Tychonic argument. For Tycho does not want the two motive powers of the ball to be so composed that nonetheless the ball's elongation from the terminus of [its] motion really turns out such as would be understood to result if each force, singly (or even successively), produced its whole motion; but he contends that the said powers must be so joined that nonetheless the one is infringed and tempered [by the other]: namely, if the motive force toward the East would, by itself, have carried the cannon-ball through 8 Miles, [then] with the impetus of the kindled powder (moving 1 Mile toward the West) supervening upon it, it is weakened, nor is it understood in fact to carry the ball, for its part, except (for example) through 7½ Miles.


[Margin: 4th Response.]



Yet it is responded by denying the Major; because rather a greater space would appear traversed toward the East than toward the West, in that toward the East the natural motion of the diurnal whirling performed by the globe [Earth], and the motion from the kindled powder (then least violent), would conspire; but toward the West the violent motion from the kindled powder, although it would beat back the motion made by the diurnal whirling, would yet itself be beaten back by it—and indeed more so, as [being beaten back] by the stronger.

VI. Argument, from a ball of the same Cannon exploded near the poles, and in diverse Parallels

[VIII.] Another argument of Tycho, in the same Epistles (at the end of p. 189 and the beginning of 190), is contained in this discourse:


I add also this: that if, around the Earth's poles—where the diurnal motion (if there were any) ends in rest—the same experiment by the gun were made (in the way said before) toward whatever part of the Horizon, it would happen in every way the same as if [it were done] in the middle between the two poles, near the Equator, where the motion of the earth's circumference would have to be most rapid; as also, in any Horizon, if a ball is shot in like manner toward the East and the West, it completes the same [amount] of space as toward the South and the North, [when] shot with a similar impulse—whereas, if there were any diurnal motion in the Earth, it would regard the West and East, but not likewise the South and North. Since, therefore, these things happen uniformly everywhere, etc.



Now let the form of the argument [be]:


[Margin: 6th Form of the Argument.]

If the Earth were moved by the diurnal motion, a ball exploded in like manner from a cannon or gun would traverse a notably different space when shot near or toward the poles than when [shot] in parallels nearer the Equator, or when [shot] toward the South or North. But this is against experiments. Therefore the Earth is not moved by the diurnal motion.



The Minor seems to be established by the experiments themselves, if faith is given to Tycho. The Major is proved, because if a ball were exploded toward the poles along the plane of the same Meridian, a smaller diversity would be brought upon it by the diurnal motion than if [it were shot] now toward the East, now toward the West; but if [it were shot] in parallels nearer the pole, that ball would be borne more slowly with the earth, [and] if in [parallels] nearer the Equator, more swiftly with the earth—other things being supposed equal.


[…continues on p. 426 (PDF 461) with the catchword "Respon-" (Respondetur): the response to the Sixth Argument.]





(printed p. 426 — within Chapter XXI: the response to the Sixth Argument is rejected, then the Seventh — Galileo's own cannon-target argument, that on a rotating Earth shots would strike above an eastern target and below a western one — with Galileo's twofold reply (the aim shares the rotation, and the error would be far smaller than a gunner's normal inaccuracy), Riccioli noting a slip in Galileo's calculation. Then the Eighth Argument, Grimaldi's, from the real percussion of a cannon-ball fired east versus north, begins with an engraved diagram.)
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It is wont to be responded by denying the Major, or by distinguishing it—and conceding it concerning the diversity of real space in world-space, [but] denying [it] concerning the diversity of apparent space (or [space] falling under our measurement). But in reality the argument holds, and this response is null, according to what was said for the preceding argument toward the end.

VII. Argument, taken likewise from a cannon-ball, and from the Target which it would strike toward the East and toward the West


[Margin: An argument against the diurnal motion of the earth, attributed by Galileo to Tycho.]



[IX.] I wonder that Galileo (Dialogue 2, On the System of the World) more than once mentioned the Tychonic Cannon, yet did not propose his [Tycho's] argument, but one different from the Tychonic, which he sets forth thus (Latin page 131). If the shootings of cannon-balls were made toward an eastern target, and the earth moved, they would strike above the target; but if toward a western [target], they would strike below the target—because the Eastern parts of the earth, by the diurnal motion, are continually depressed below the tangent parallel to the Horizon, and on the contrary the western parts are exalted (from which the western stars seem to become lower); and accordingly the shootings, directed along the said tangent toward the eastern target (as being meanwhile depressed while the ball runs along the tangent), would have to become higher than right; and the western [shots] lower than right, the target being meanwhile exalted. But by experiments this variation of aiming is not confirmed. Therefore it is a sign that the earth does not move. Yet to this argument I draw out a twofold response from Galileo, which I shall bring forward after the argument [is] reduced to form.


[Margin: 7th Form of the Argument.]

If the Earth were moved by the diurnal motion, or even the annual, the ball of the same cannon—whether exploded toward the East or toward the West—would fail of striking the target to which it was directed. But it does not fail. Therefore the Earth is not moved by the diurnal motion.



The Minor is supposed certain from observation. The Major seems confirmed by the discourse of Galileo just adduced. Therefore, etc.


[Margin: 1st Response, from Galileo.]



Galileo responds, first, roughly, by denying the Major. For although the eastern target would be continually depressed below the Tangent by the force of the diurnal motion (if we speak of the first tangent in immobile world-space), nevertheless the cannon-ball, before it is inclined downward by the force of gravity, runs along one mobile tangent and another, which is continually inclined—just as the whole length of the cannon [is inclined] by the force of the diurnal motion—and does not cease to regard the same target. On the contrary, the cannon's axis toward the West is exalted by the force of the diurnal motion, and along its length another and another raised tangent must be conceived, no less than the western target; wherefore the aiming, in neither case (otherwise rightly made), would fail of its effect.


[Margin: 2nd Response.]



The same Galileo responds, secondly—not indeed by denying the Minor, but by calling it into doubt—where he corrects certain Copernicans who, with excessive liberality, indulge the adversaries and grant them certain experiments as true and certain, even if they were never done; among which he suspects that this can be enumerated, namely whether the eastern shots come out too high and the western too low. Nay, he is persuaded that this was never tested by anyone, nor can this experiment easily be done; for no gunner will be found so skilled that he professes he can strike the target itself with every shot, or not stray from the target beyond one cubit, if he must shoot from an interval of about 500 cubits or more. Now if the Earth moved, the error on account of that motion could not be greater than one cubit, and therefore in this experiment—however much repeated—the falsity of the Earth's motion could not be convinced, since so great an error can also happen with the earth at rest. To prove this by a rough calculation, he supposes the shot to be made with a larger culverin on the equinoctial line itself (where the greatest variation would arise, on account of the swiftest motion of the equinoctial parts of the earth), at a target distant 500 cubits toward the West; and he says it is certain that the culverin's ball reaches the target most quickly, in no longer time than two paces are completed by a walker—which he affirms to be less than one Second of an hour. For if in one hour (or 3600 Seconds) a walker completes three Italian Miles (that is, 9000 cubits), therefore in one Second he completes two-and-a-half paces; wherefore for the cannon-ball's motion up to the target, one Second of an hour is more than enough.


[Margin: The time in which the cannon-ball strikes the target.]



But in so tiny a time, by the force of the diurnal revolution, 15″ of the Equator ascend; and accordingly the target and the western Horizon, in that circle whose semidiameter is supposed [to be] 500 cubits, will be exalted by 15″. Now, from the tables of Sines, the chord of an arc of one Minute is less than 30 parts of which the Radius would be 100,000; therefore the chord of 15″ is less than 15 parts of which the semidiameter would be 200,000. Therefore it will be less than four hundredths of one of those parts, of which the semidiameter would be 500 cubits; wherefore the exaltation of the target, and the error of the ball on account of the diurnal motion of the earth, would not exceed four hundredths of one cubit, or nearly one finger in breadth; nor can it be convinced by such an experiment whether the Earth rests or moves. Here, further, it is neither free [from trouble] nor expedient to correct Galileo's discourse and calculation; I only note that he confused the chord with the Sine of an arc of one minute—for the Sine of this is 29 parts of which the Radius is 100,000; wherefore the chord [of one minute] is, of such parts, not 30 but 58.

VIII. Argument, from a cannon-ball exploded now toward the North, now toward the East or West, devised by Fr. Francesco Maria Grimaldi against the Diurnal and Annual Motion of the Earth


[Margin: Theorem of Fr. Grimaldi against the motion of the Earth.]



[X.] As long as we look at the apparent spaces which are wont to be traversed by bodies, the arguments thence taken against the Earth's motion do not have so manifest a force; but if we consider the real increment of percussion and impetus, somewhat stronger weapons are thence supplied to us against its motion, as from what was said at ch. 19. Hence, therefore, it seemed that another argument could be taken, resting on cannon-percussions. Let it be supposed first (for the sake of explanation, not of necessity) that a ball of the largest Cannon—that is, weighing 60 or 80 pounds—in the time of two beats of the human artery (or about two Seconds of an hour) reaches straight to a target distant 250 paces; which the skilled in this art would easily concede. And in the following diagram let the Cannon's mouth be A, directed at the eastern target B, distant by the interval AB of 250 paces. Now if the Earth, with its kindred bodies, did not move by the common motion toward the East, the ball from A would reach the target B in the time of 2 Seconds; but because both are transferred by an equal motion on account of the diurnal whirling, and in two Seconds complete 30″ of the Equator (that is, 752 Geometric Roman paces, from the first table of ch. 19, no. 13, premised), let the chord of this arc be AC, for a nearly horizontal line, along which let the Cannon's mouth A be understood [to be] translated to C, and the target from B to D, both having completed 752 paces; for the target D will be distant from the mouth C by the interval CD of 250 paces, as before, and the ball I, exploded from A, will strike it. Now let the Cannon PA be directed toward the northern target E, so that the cannon is in the position AQ, and the interval AE be 250 paces.


[Translator's note — the engraved figure (fig. #38, lower right) shows Grimaldi's apparatus: at left, a cannon lying horizontal, breech P, mouth A, aimed east at the round target B; below A a second cannon stands vertical at Q (the same gun re-aimed north). To the right, the whole system displaced eastward by the diurnal whirl: the mouth carried to C (with its cannon, and the vertical one at R below), the eastern target to D (the ball I·D at far right), the northern target to N, and the ball's curved real path A·K·H·L·F·G·M traced across the top. The straight dotted lines are the apparent aim-lines; the solid arc is the ball's true world-space path.]

[…continues on p. 427 (PDF 462) with the catchword "hoc" (hoc est): "…this being precisely equal to the interval AB," continuing Grimaldi's setup for the northward shot.]





(printed p. 427 — within Chapter XXI: Grimaldi's Eighth Argument is completed — on a moving Earth a northward shot would strike a far weaker, glancing blow than an eastward one, testably so — and the Copernican response (the percussion remains direct, as on a moving ship) is rebutted as valid for the straightness but invalid for the vehemence of the blow. Then the Ninth Argument, Riccioli's own, begins: a ball thrown east should strike harder than one thrown west, yet billiards shows equal blows.)
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…this being precisely equal to the interval AB; and let all the rest be equal—namely, the Cannon cooled, the same ball, the quantity and quality of gunpowder of the same measure and kind, the inclination or elevation of the Cannon, the temperature of the air, etc.—so that in the same time of 2 Seconds of an hour the ball from A could reach to E, along the straight line AE, if the Earth stood still. But because the Earth is supposed to be transferred by the diurnal motion at least, and with it every heavy body kindred to it: when the cannon, having completed the 752 paces of the interval AC, shall have been translated into the position CR, the target too, translated in its parallel, will be at N, and the cannon-ball at F, where it will strike it—having completed, as to appearance, only the interval CF of 250 paces; but in reality, in world-space, a journey much greater will have been completed by it, namely AKF, whose chord AHL will be of 825 paces, as will be established from the laws of Triangles: if, in the triangle ACF (right-angled at C), in which AC of 752 paces and CF of 250 paces are given, the base AHF be investigated; and on the same occasion the angle AFC will be found of 70° 35′, to which the angle NFM is equal.


[Margin: 1st cause of the weaker impetus toward the North.]



These being supposed, it seems that the cannon-ball will strike the Northern target N with a far weaker blow, and a feebler percussion, than the Eastern target D—so that the breaking of a wall, or the pushing-forward of another ball set as a target, would be notably less; which diversity would easily have been observed, or could be observed. For to weaken the impetus of the ball shot toward the North, two causes would concur. First, the impetus of the ball, in its exit from the Cannon's mouth A, would be impressed all at once, and would be of such a kind in itself, and so great, that if the Earth were immobile it would strike the target B as [much as] E, along the straight line AB or AE, at an equal interval of 250 [paces]. But because both the earth and the ball are supposed to be transferred toward the East, and while the ball strives toward E it deviates—by the prevailing diurnal motion—and is twisted aside from the straight line AE, and is drawn along the curve AKF toward F (because at the beginning the motion is faster here, and the ball is borne beyond the straight line AHF which it would describe if the motion were uniform): therefore its impetus must necessarily be infringed and greatly weakened, while it is resisted by the diurnal motion, and while it is forced to go along the longer and oblique way AKF (it being otherwise about to go by the straight and shorter way AE to E). In the proportional manner [as] if someone, having dropped a leaden ball through a tube standing perpendicularly upon the hand, were to transfer the tube most swiftly—surely the ball's impetus and descent would be greatly retarded and weakened, and it would strike the underlying hand with a much smaller blow by its fall than if it had been allowed to fall through the unmoved tube, from the same height.


[Margin: 2nd cause of the weaker impetus toward the North.]



Secondly, although the cannon-ball would seem, to the eye [observer] at C, to strike the target N at the point F (along the line FN), yet in reality it would strike it with a very oblique blow, along the line LM; and the line of direction, along which the impetus—twisted aside by the force of the diurnal motion from the straight AE and FN—would be diffused, would be AHL; nay, would be a portion of the curve AKF, declining from the straight CF even more than by the angle AFC (which we found above to be 70° 35′). Hence it would come about that the ball would strike the target not with its point G (which is forward in the motion, and carried, like a ram's head, along the straight LG), but with its lateral point F, which declines from the real way of the impetus LGM (which it would traverse in world-space, and along which it would strike upon every obstacle in that channel): wherefore, not striking straight at F, but as it were with a fleeting and very oblique contact (which would deserve the name of rubbing or chafing rather than of a blow and a wound), it would scarcely strike the target N. And if at the side of N there were another target at G, placed to the right toward the North-East wind—even if the Cannon and ball were not directed at it—the ball would yet strike it with a much greater impetus, as being impacted on it according to the real direction of its impetus; and there it would break through the wall with greater ruin. And if target N and target G, equal in all other respects, were propellable, target G would be propelled much further (say, through the space GM) than the other (say, through a space equal to FN). For we see everywhere, in the game of trucks [billiards], or of a leather ball struck by rackets, how much weaker the blow and the thrust is, if either one ball is struck as if by a Tangent with a fleeting contact, or the ball is caught crosswise by a slanting racket and repelled, than if the diameter of one ball strikes straight upon the diameter of the other with full impetus, or the leather ball is caught and repelled by a perpendicular meeting. By these two causes, then—which would weaken the Northern blow in comparison with the Eastern or Western (yet not really weakening it)—it seems to be established that the Earth is not moved by the diurnal motion, and much less by the annual, which would weaken that blow more. Now let the Argument be in form.


[Margin: 8th Form of the Argument.]

If the Earth were moved by the diurnal motion, or even by the annual at the same time, the blow of a cannon-ball exploded toward the North or South would be much weaker than [one exploded] toward the West or East. The consequent is false. Therefore [so is] the antecedent, whence it follows.



But what is said of a cannon-ball holds for many other projectiles. The Major seems sufficiently proved by the preceding discourse; the Minor is supposed certain by an experiment doable by the most skilled gunners (who aim so surely that they can block the mouths of enemy cannons with their own balls); for they would have observed this diversity sometime, or could observe it.


[Margin: Response of the Copernicans.]



The Copernicans will perhaps respond by denying the Major, because the motion of the cannon-ball, insofar as it is from the kindled powder, has of itself its direction toward the target—which, from the very beginning (the species of motion being impressed), it intends to strike straight; and although it is transferred along an oblique way, yet because the target too is transferred together [with it] by an equal motion and velocity (even in that briefest, as it were, moment of time in which it is struck), it comes about that at last the percussion is made directly. Just as if an eye, looking through a narrow tube at a candle-flame placed toward the North, were transferred by the ship together with the candle toward the East, it will see the same [flame] by a direct gaze; and a ball on a gaming-table, carried along likewise by the ship toward the East, thrust against the northern ball, will strike it directly; and finally, a hammer—impelled by the arm of a sailor carried toward the East—striking the ship's mast placed toward the North, will pierce the ship's mast directly toward the North, however much the ball and the hammer are in reality snatched sideways by the ship's motion, and traverse the oblique way intended by the two principles of motion mixed together.


[Margin: The invalidity of the Response.]



But the response is indeed good as to the straightness of the percussion; but invalid as to the vehemence of the percussion, which would be diminished and weakened the more, the more the motion snatching the ball (or hammer) sideways resists the impetus produced from the beginning. For we are certain, from very many experiments, that a motion once impressed and moving toward one part is weakened and diminished by an impetus moving not only into the contrary [part], but also into a foreign part, or sideways. It is indeed true that, in the example of the trucks and the hammer, on account of the brevity of the journey the diversity of the percussions—which are made once with the ship unmoved, and again with it moved—is not so notable; and much less in the hammer, whose impetus is restored by the arm (as by a conjoined principle), even if this restoration is not noticed.

IX. Our own Argument against the Diurnal and Annual motion of the Earth together, from the greater blow and percussion of a ball thrown toward the East than toward the West

[XI.] This argument proceeds in an entirely contrary way to the Tychonic [argument] adduced at number 7; for it is of this kind:


[Margin: 9th Form of the Argument.]

If the Earth were moved by the diurnal motion, or even by the annual, the same ball, thrust by the same force to the same distance toward an Eastern target once, and again toward a Western [target], would strike the eastern [target] with a stronger blow than the western. The consequent is false. Therefore [so is] the Antecedent.



The Minor is most certain by experiments—both of the trucks, by which we thrust ivory balls on a gaming-table against another ball [that is] unmoved and equally distant, now toward the East, now toward the West; and by many other similar projectiles. The Major is proved, because the impetus of a ball thrown toward the East would not be retarded by the diurnal or annual motion of the earth, but rather would be helped by it, and in turn would second it (inasmuch as both strive toward the same region); but on the contrary, the impetus of a ball shot toward the West would retard, or beat back, the impetus moving toward the East, and in turn [be beaten back by it]—


[…continues on p. 428 (PDF 463) with the catchword "cissim" (vicissim): "…and in turn [would be beaten back by it]," completing the proof of the Ninth Argument's Major.]





(printed p. 428 — within Chapter XXI: the Ninth Argument (Riccioli's own, from the unequal percussion of eastward and westward throws) is finished and marked insoluble. Then the Tenth Argument (from the contrariety of motions), the Eleventh (from the needless multiplication of motions of the same kind), and the Twelfth (that the motion should be assigned where the sense-foundation is greater and the bodies fewer — the heavens, not all sublunary bodies) are proposed with their Copernican answers.)
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…would in turn be beaten back by it, since they tend toward contrary parts (granted the impetus of the diurnal-and-annual motion together is much stronger); and therefore the one resists the other—not absolutely, but in a certain respect. Just as if a one-ounce clay ball, shot from a ballista downward from the top of a tower at a clay target 30 feet distant, strikes and perforates the clay with a far greater blow, and penetrates it further, than if the same ball—from the same ballista—is propelled upward against a clay target of the same softness, and 30 feet distant: because, namely, in the former case, besides the impetus impressed by the ballista, there is present an impetus produced by gravity (which of itself would strike the clay by a headlong fall), and each helps the other; but in the latter case the impetus produced by gravity resists the impetus impressed by the ballista, and beats it back more and more.


[Margin: No suitable response.]



To which argument, indeed, I find no solid response—nor one persuasible while the natures of things are kept safe. For the examples which could be brought forward, in the hypothesis of a standing Earth, concerning projectiles thrown over the deck or planks of ships (now toward the East, now toward the West, the ship being always carried toward the East), have either an uncertain or an unobservable diversity of percussion, on account of the brevity of the journey; or they fall short of a perfect similarity, and do not include two intrinsic impetuses which in one case help each other, in the other beat each other back by mutual resistance.

X. Argument, from the Contrariety of Motions


[Margin: 10th Form of the Argument.]

[XII.] If the Earth were moved by the diurnal motion, or even the annual, the same movable would be moved at the same time by two contrary motions. But it is Physically repugnant that the same movable be moved at the same time by two contrary motions. Therefore the Earth is moved neither by the diurnal nor by the annual motion.



The Major is proved, because it is manifest that many bodies are really moved toward the West; but if the Earth were moved toward the East (so that many other experiments be saved), it would be necessary that the same bodies be moved meanwhile toward the East by a certain motion common to all terrestrial and watery bodies—and this very thing Copernicus, with his followers, asserts; therefore at the same time they would be moved toward diverse regions and termini, and would approach by their proper motion that very western terminus from which meanwhile they would recede by the common motion; or, approaching the eastern terminus by the force of the common motion, would recede from the same by the force of their proper motion. The Minor is proved, because it is impossible for the same [thing], at the same time, to approach and recede with respect to the same terminus, since the recession has annexed the privation of approach to the terminus from which there is recession; but a privation and a form cannot Physically be exercised at the same time.


[Margin: 1st Response to Argument 10.]



It is responded, first, by denying the Major in that sense in which the Minor is true—that is, concerning two motions truly and really contrary, in order to termini fixed and immobile in World-space. For although, by comparing the terminus from which (on the surface of the earth or water) with the terminus to which bodies tending westward would apparently approach, they would seem to recede from the eastern terminus from which [they set out]; yet in reality they would always approach the eastern terminus fixed in world-space, because the common motion of the diurnal (and much more the annual) revolution of the Earth is swifter than the proper motion of any body tending westward—granted that, on account of this proper motion, the approach to the East would be diminished (being otherwise about to be greater, if there were no motion toward the West). By an example the response will be made clearer. Let a walker proceed, in the Equator, for one hour toward the West, departing from some column, and completing on the earth's surface three thousand Roman paces: for meanwhile the diurnal conversion of the Earth will snatch him toward the East, as also the column; but the column it will snatch in such a way that in World-space it rolls it toward the East through 15 Degrees (that is, through 1,355,000 paces); but the walker it will snatch in such a way that it rolls him through only 1,352,000 paces (or 1352 Italian Miles)—3 Miles being subtracted, namely, which the walker meanwhile completed, not indeed by receding toward the West from the fixed place of the World in which the column was, but by receding less from that fixed place toward the East than he would have receded if he had permitted himself to be snatched by the common motion alone, without any proper [motion]. See the diagram and its exposition in Section 2 of this book, chapter 3, scholium 1.


[Margin: 2nd Response.]



Galileo responds, secondly (Dialogue 2, On the System of the World, Latin p. 200), by retorting the argument: for if these two motions are denied to the earth, two contrary motions must be attributed to the celestial bodies; by what reasoning, then, [they are reconciled] in the heaven, by the same [reasoning] they can be reconciled in the earth. He adds that if any fatigue were to be feared, it should rather be feared for the starry sphere than for the earth, inasmuch as it would have to carry much greater bodies than the Earth.

XI. Argument, from the by-no-means-necessary Multiplication of motions of the same kind


[Margin: 11th Form of the Argument.]

[XIII.] Motions must not be multiplied without necessity. But if the Earth were moved by the diurnal, or even the annual, motion, innumerable motions would be multiplied without necessity. Therefore the Earth is moved neither by the diurnal nor by the annual motion.



The Major is established by an Axiom received by all, and so urged by the Copernicans that even from this they try to take the diurnal motion from the Fixed stars and Planets and ascribe it to the Earth alone, and to perform the motions of the Epicycles of the five smaller Planets by the single motion of the Great Orb. The Minor is proved, because, to save the phenomena of the sublunary motions, it would be necessary that all and singular terrestrial and watery bodies (among which are innumerable mixed [bodies], partly animate, partly inanimate), besides their proper motions, have a common motion by which they would revolve with the Earth, daily and yearly, toward the East. But all these motions can be avoided, all the Phenomena being saved, if the Earth rests, as the Copernicans openly concede; wherefore they are multiplied without necessity.


[Margin: Response.]



It could be responded by the Copernicans, either by retorting the argument, or by distinguishing the Major and conceding it if—by not multiplying motions in sublunary bodies—the multiplication of motions of the same kind in the celestial [bodies] could be avoided, but otherwise denying it. But in whatever sense they concede the Major, they will deny the Minor: because if the diurnal motion is not conceded to the Earth and kindred bodies, it must be conceded to the innumerable Fixed [stars] and all the Planets; likewise, if the annual motion through the great orb is not attributed to the center of the Earth and the whole elemental system together with the Lunar heaven, it must be attributed to five distinct epicycles of the smaller Planets, or to other circles or ellipses equivalent to them. Since, therefore, in either set of bodies these two motions must be multiplied, and no necessity appears for multiplying them rather in the celestial than in the sub-celestial bodies, the reason for attributing them rather to the one than to the other must be sought elsewhere. There arises, therefore, the twelfth Argument.

XII. Argument, from the Multiplication of motions in those bodies in which the foundation for multiplying them is greater, and the multiplication is less


[Margin: 12th Form of the Argument.]

[XIV.] If the diurnal and annual motion must be attributed to either set of bodies, it must rather be attributed to those in which a greater foundation appears, and a lesser multiplication occurs, than to those in which a lesser foundation appears, and a greater multiplication occurs. But a greater foundation for attributing the diurnal and annual motion appears in the celestial bodies, and in them the multiplication would be less than in the Earth and the rest of the bodies. Therefore it must rather be attributed to the celestial [bodies].



The Major is clear. The Minor is easily proved, because we have a sufficient foundation for the diurnal and annual motion from the phenomena and observations manifest to sense, and there is no repugnance to the contrary, nor any argument for asserting that sense is deceived in these. Then, if the diurnal motion be attributed to the celestial bodies, it is attributed only to the eighth sphere (to whose single motion the Fixed [stars] can be moved), and to the Seven planets, with the 4 companions of Jupiter and the 2 of Saturn—that is, to 14 bodies in all. But if the annual [motion] be attributed to the Sun, and the motion proportional to it [be attributed] to the 5 Planets in [their] Epicycles, it is attributed only to six bodies; or, if here too you add the companions of Saturn and Jupiter, it is attributed only [to]—


[…continues on p. 429 (PDF 464) with the catchword "nisi" (nisi 13 corporibus): "…only to 13 bodies"; whereas the moving-Earth hypothesis would impose the motion on all the innumerable sublunary bodies.]





(printed p. 429 — Chapter XXI closes: the Twelfth Argument is finished and marked insoluble (the Copernicans, fleeing multiplicity of motions, fall into a greater one), then the Thirteenth (destroying apparent motions and substituting unapparent ones) and Fourteenth (endless non-uniformity of speed in the same movable by latitude, also insoluble) complete the chapter's fourteen arguments, five of them Physically insoluble. Then Chapter XXII opens, proposing five weak arguments from the excessive velocity a moving Earth would require, and laying four foundations for its velocity-tables.)
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…only to 13 bodies. But if the diurnal and annual [motion] be attributed to the sublunary bodies, a motion is attributed to them resting on no sensible observation (that is, having no a-posteriori foundation had through the senses); and the diurnal must be attributed to the Earth, and to absolutely all sublunary bodies situated below the upper region of the air, which are both in number and in species much more than 14; and the annual not only to all sublunary [bodies], but also to the Moon itself and the Lunar heaven.


[Margin: No response to Argument 12.]



To this argument, indeed, I see no shadow of a solid response—unless the Copernicans, the foundation from sense being deserted and despised, recur to a-priori congruences. But since, among those, [the congruences] are chiefly placed in this—that the multiplicity of motions be avoided—they cut their own throat with their own sword, since they fall into a far more numerous multitude of motions, and meanwhile undermine the foundations of physics (that is, the sensations).

XIII. Argument, from the Destruction of motions which appear, and the Substitution of motions which do not appear


[Margin: 13th Form of the Argument.]

[XV.] If the diurnal motion, or even the annual, be attributed to the Earth, the motions which appear are destroyed without a necessary reason—so that they really are not [motions] at all—and in their place are substituted motions which never appear. But this is absurd. Therefore, etc.



The Minor is evident of itself. The Major is proved, because both the diurnal and the annual motion of the Earth (and of the other bodies imitating it in these motions) is greater than the proper motion of any [body]; from which it comes about that the proper motion which appears in these toward the West is not really a motion, since by it they do not approach the same fixed point toward the West, but there occurs only a diminution of the greater motion toward the East (as was said in the response to argument 10). But the diurnal and annual motion itself of the Earth and of kindred bodies, which is substituted as [if] real, in no way appears.

XIV. Argument, from the Manifold Inequality and non-uniformity of motion in the same movable, without necessity


[Margin: 14th Form of the Argument.]

[XVI.] If at least the diurnal motion be conceded to the Earth, a motion unequal and non-uniform with innumerable variety must be attributed to the same movable, without any necessity. But this is unfitting. Therefore, etc.



The Minor is certain of itself. The Major is clear, because the same terrestrial body—even when separated from the earth (say, a cannon-ball shot toward the East, or a cloud, or a bird)—must move faster in the Equator than in the nearest parallel, and in this faster than in the next, and so of the rest, [in parallels] describable to infinity right up to the poles. Wherefore, if a bird flies from the Equator toward the poles, straight or obliquely, it is necessary that—notwithstanding a flight uniform to appearance (or even faster and faster)—it nevertheless really move continually slower and slower, to attemper itself to the slower and slower motion of the parallels: which surely would happen more frequently, and in more [cases], than if the diurnal motion were attributed to the Fixed [stars]. And the Copernicans do not deny that this happens without necessity—[they] who cannot respond to this argument except [by saying] that this variety follows from their hypothesis, whose foundations they have, not in sensations, but in ideal reasonings and in certain congruences.


[Margin: No response.]



But among the greatest congruences is this, so often urged by them, that the simplicity and uniformity of motions be established—which, however, they injure far more numerously, by attributing it [the motion] to so many sublunary bodies. And so the response turns out null, and destroys itself. If you wish to know, to a certain measure, the inequality of the motion of terrestrial bodies—as they are either in the Equator or in other parallels, and as they move around midday or around midnight—run through the little tables to be delivered in the following chapter, at the end of number 1, especially [numbers] 5, 6, and 7.




Chapter XXII, Five Arguments are proposed, but weak, from the excessive Impetus and Velocity of the Earth and of its Kindred Bodies, if they were moved by a motion whether Diurnal only, or also Annual; and the Measure of each motion is, on this occasion, delivered by a different method than was done at chapter 19, number 13—that perhaps by this [method] satisfaction may be given to some.

[I.] Before we discuss the effects which the velocity of the moved Earth would generate, that velocity itself must be explained in determinate and known parts of the space which the Earth would traverse in one hour, or in one horary Minute, or Second. For which thing we need four elements, or foundations, for constructing the following Table.


[Margin: 1st Foundation of the following Tables.]



The First is, how many Miles are contained in the Diameter and greatest Circumference of the Earth (of which kind is the Equator): about which we reported very many opinions in bk. 2, ch. 7, at the end of scholium 9. But since the Authors who dispute about the Earth's motion—most, with the Germans and certain Navigators—attribute to one Degree of the terrestrial Equator 60 Italian Miles (or 15 German), and to the Earth's diameter 1720 German [miles]: as do Tycho, Longomontanus, William Gilbert, Maestlin, Mercator, Herigone, Scheiner, and usually Kepler—but we, by exact measurement, found in one degree of this Equator 72¼ Bolognese Italian Miles, and in the Earth's diameter 8278; to which Gassendi (who [says] 73), most Navigators (who 70), most of the Arabs, and also Fernel and Snell (who attribute about 68 Italian Miles to it) come nearest, as we said in the same place: therefore, according to only these two opinions—namely of 60 Italian (or 15 German), and of 72¼ Italian—we shall construct the table.


[Margin: 2nd Foundation of the Table.]



The Second which we need is, how many Minutes in the Equator answer to one degree of a parallel equally distant on either side from the Equator and from the Poles of the Equator (that is, declining 45 degrees); and likewise how many [answer] to one degree of an almost-smallest parallel (that is, distant from the pole by a single degree, and declining from the Equator by 89 degrees)—so that from the middle and the extremes a judgment can be made about the rest. Now, by the Problem delivered by Giuseppe Moletti and Giovanni Antonio Magini on chapter 23 of book 1 of Ptolemy's Geography, and by the table constructed by the same Moletti: to one degree of a parallel declining 45 degrees, there answer in the Equator 42′ 24″ 35‴; but to one degree of [a parallel] declining 89 degrees, there answer in the Equator 1′ 2″ 51⁗.


[Margin: 3rd Foundation of the Table.]



The Third which we need is the semidiameter of the Great Orb, which, doubled, gives the diameter.


[Margin: 4th Foundation of the Table.]



[The Fourth:] wherefore, if it be made—as 100 to 314, so the given diameter to another—the circumference of the Great Orb is had (by the rules delivered in bk. 1, ch. 4); and the circumference, divided by 360, gives the quantity of one degree; and a Degree, divided by 60, [that] of one Minute; and a Minute, subdivided by 60, gives the quantity of one Second. Now, among the opinions about the semidiameter of the Great Orb (that is, about the mean distance between the Sun and the Earth), there are several, reported by us in bk. 3, ch. 7, at the end; but it will suffice to follow two as the extremes and one as the mean: the first is Copernicus's, who puts that distance [at] 1142 terrestrial semidiameters (and many use this in the present controversy); the other is ours, by which we attributed to this distance 7300 terrestrial semidiameters; the third, as it were a mean between these, was Kepler's, who finally attributed to it 3381 terrestrial semidiameters. Now, if (following the Germans and many others) we attribute to the Earth's diameter 1720 German Miles (or 6880 Italian), [then] in the diameter of the Great Orb—which on Copernicus's [view] is 2284 semidia[meters]—


[…continues on p. 430 (PDF 465) with the catchword "me-" (semidiametros): completing the reduction of the Great Orb's diameter to miles, toward the velocity-table.]





(printed p. 430 — within Chapter XXII: the four foundations are applied and five velocity-tables are built — the Earth's dimensions and the linear value of arc at various latitudes; the diurnal speed of a terrestrial point at the Equator and at 45° and 89°; the Great Orb's dimensions on the Copernican, Keplerian, and Ricciolian distances; the Earth's center's annual speed; and the combined diurnal-plus-annual motion at sunrise and sunset — all to expose the excessive speeds a moving Earth would require.)
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…[2284] terrestrial semidiameters, there will be 3,928,480 German Miles (or 15,713,920 Italian). But on Kepler's [view], for whom that diameter is 6762 terrestrial semidiameters, there will be 11,630,640 German Miles (or 46,522,560 Italian). But on ours, for whom that diameter is 14,606 terrestrial semidiameters, [there will be still more]. With these four foundations laid, we may explain how much space the Earth would traverse in one hour, or in one Minute, or one Second, by the diurnal revolution; and how many Minutes of the Great Orb's circumference its center would traverse in one Hour, Minute, or Second — that we may apply to them the congruent number of Miles. For [the case is] as follows.


[Translator's note — the seven velocity-tables of this chapter (Tables I–V here, VI–VII on p. 431) are printed in very dense sexagesimal fractions; the whole-number values and principal fractions below are read at full resolution, but the smallest sub-fractions (sixtieths, thousandths) are reconstructed as legibly as the print allows. "Ger." = German miles (15 to a degree), "It." = Italian miles (the standard 60 to a degree, or Riccioli's measured 72¼), "pc." = paces. "Nobis" = Riccioli's own measure.]



TABLE I — Dimensions of the Earth, and the value of one degree / minute / second of its arc:




	
	Ger. mi
	It. mi
	paces
	(Nobis) It. mi
	(Nobis) pc.





	Diameter of the Earth
	1720
	6880
	—
	8278
	—



	Circumference of the Earth
	5400
	21,600
	—
	26,010
	—



	Equator — 1 degree
	15
	60
	—
	72¼
	—



	Equator — 1 minute
	¼
	1
	—
	1 204⁄1000
	—



	Equator — 1 second
	0
	0
	16⅗
	0
	20 1⁄15



	Parallel declining 45° — 1 degree
	10⅝
	42 5⁄18
	—
	51⅛
	—



	Parallel 45° — 1 minute
	0
	0
	706 11⁄12
	0
	852¾



	Parallel 45° — 1 second
	0
	0
	11 47⁄60
	0
	14¼



	Parallel declining 89° — 1 degree
	—
	1 1⁄20
	—
	1¼
	—



	Parallel 89° — 1 minute
	0
	0
	17½
	0
	20⅚



	Parallel 89° — 1 second
	0
	0
	⅓
	0
	≈2⁄7





TABLE II — A terrestrial point traverses [by the diurnal motion]:




	
	Ger. mi
	It. mi
	paces
	(Nobis) It. mi
	(Nobis) pc.





	In 1 Hour (15°) — at the Equator
	225
	900
	—
	1087½
	—



	— in the parallel declining 45°
	157½
	636¾
	—
	767½
	—



	— in the parallel declining 89°
	≈4
	15¾
	—
	18¾
	—



	In 1 Minute (15′) — at the Equator
	3¾
	15
	—
	18 6⁄100
	—



	— parallel 45°
	2 65⁄100
	10 804⁄1000
	—
	12 791⁄1000
	—



	— parallel 89°
	0
	0
	262½
	0
	312½



	In 1 Second (15″) — at the Equator
	0
	0
	250
	0
	301



	— parallel 45°
	0
	0
	175¼
	0
	213¼





TABLE III — Dimensions of the Great Orb (Copernicus / Kepler / Riccioli):




	
	Cop. Ger.
	Cop. It.
	Kep. Ger.
	Kep. It.
	Nobis It.





	Diameter
	3,928,480
	15,713,920
	11,630,640
	46,522,560
	120,858,800



	Circumference
	12,335,427⅓
	48,941,708¾
	36,520,209⅗
	146,080,838⅖
	379,496,632



	1 degree
	33,987 11⁄36
	135,949⅔
	101,445 1⁄16
	405,780⅓
	1,054,157¼



	1 minute
	566 37⁄60
	2265 13⁄60
	1690¾
	6761
	17,569¼





TABLE IV — The Earth's center traverses in the Great Orb [by the annual motion]:




	
	Cop. Ger.
	Cop. It.
	Kep. Ger.
	Kep. It.
	Nobis It.





	In 1 Hour (2′ 28″)
	1397½
	5589
	3607¼
	14,428¾
	43,338



	In 1 Minute (2″ 28‴)
	23 1⁄18
	93 1⁄15
	60 7⁄16
	240 7⁄15
	722 1⁄10



	In 1 Second (2‴ 28⁗)
	0 23⁄60
	1 23⁄60
	1
	4
	12 1⁄10





TABLE V — If the Sun rises or sets for some point of the Earth, that point traverses [diurnal + annual combined, the two being then perpendicular]: the values come out the same as in Table IV (the annual motion alone), because at the rising or setting point the diurnal velocity is perpendicular to the annual, and so adds to it insensibly.


[…continues on p. 431 (PDF 466) with the catchword "Sed" (Sed si sit Media nox): "But if it be Midnight for some point of the Earth, that point traverses a space composed of the diurnal and the annual"—Tables VI (midnight, the two added) and VII (midday, the diurnal subtracted).]





(printed p. 431 — within Chapter XXII: the last two velocity-tables give the maximum (midnight, diurnal plus annual) and minimum (midday) combined speeds. Then the First weak argument — the Earth, cause of all heaviness and grossest of bodies, is naturally incapable of so swift a circular motion — with the denials of Galileo and Kepler; and the Second, that a turning Earth would outrun any arrow, bird, or cannon-shot so that nothing could reach its eastern mark, is stated with Buchanan's verse, the Copernican response beginning.)
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But if it be Midnight for some point of the Earth, that point traverses a space composed of the diurnal and the annual space—that is:

TABLE VI (diurnal and annual added):




	
	Cop. Ger.
	Cop. It.
	Kep. Ger.
	Kep. It.
	Nobis It.





	In 1 Hour — at the Equator
	1622
	6488
	3832
	15,328
	44,425½



	— parallel declining 45°
	1555
	6220
	3765
	15,060
	44,105½



	— parallel declining 89°
	1401
	5604
	3611
	14,444
	43,356¾



	In 1 Minute — at the Equator
	27
	108
	75¼
	300¾
	740



	— parallel 45°
	26
	104
	70⅔
	282⅖
	735



	— parallel 89°
	23¾
	93¾
	49⅔
	197⅖
	723



	In 1 Second — at the Equator
	0 33⁄60
	1 13⁄20
	1 1⁄16
	4¼
	12 301⁄1000





On the contrary, if it be Midday for some point of the Earth, the diurnal space must be subtracted from the annual, and so that point traverses the miles written below:

TABLE VII (diurnal subtracted from annual):




	
	Cop. Ger.
	Cop. It.
	Kep. Ger.
	Kep. It.
	Nobis It.





	In 1 Hour — at the Equator
	1172
	4688
	3382
	13,528
	42,250½



	— parallel declining 45°
	1240
	4960
	3450
	13,800
	42,570½



	— parallel declining 89°
	1393
	5572
	3603
	14,412
	43,319¼



	In 1 Minute — at the Equator
	19¼
	77
	45 7⁄10
	180⅔
	704



	— parallel 45°
	20 65⁄100
	82¾
	49¾
	197⅗
	709¼



	— parallel 89°
	23⅓
	92⅔
	59⅔
	239
	721¼



	In 1 Second — at the Equator
	0 33⁄60
	1 15⁄20
	0 1⁄16
	3¼
	11 699⁄1000





I. Argument, from the Velocity of the Earth toward all motion—especially circular, and so swift

[II.] The Earth is the cause of all heaviness, and the grossest body among creatures… [therefore it is naturally incapable of all motion, especially circular and so swift]… Therefore, if the Earth is the heaviest of all bodies, it must occupy with its center the center of the Universe, and rest there; but if it were removed from it, it would naturally return to it by no other motion than a rectilinear one. This is the sum of the argument, and of its proof—which the Peripatetics implicitly have, in other words, with Aristotle (On the Heavens II, ch. 13) and Tycho (in the epistles, p. 147). But the Copernicans, and especially Galileo, will easily deny the consequence of this argument, as is clear from their foundations premised at ch. 20, nos. 2 and 3. For they will say that gravity is not a force of tending to the Universe's center, but an inclination which the parts have to be united with their wholes and primary globes; and that straight motion befits those parts only apparently, but really only the circular [befits them] per se; but if they are outside their place, a curved motion befits them, mixed of the circular and another striving toward the straight (but not straight); whereas to the primary globes of the world themselves (of which kind is the Earth), the circular [motion] befits per se, around the center of the world—so that, if it were placed at the center of the world, it would recede thence by a certain curve to the periphery of the great orb, and thereafter continue its circuit through it. But Kepler (bk. 1 of the Epitome of Copernican Astronomy, p. 108) denies that the whole Earth can be called heavy, insofar as it is whole, since there is nothing outside it which attracts it—granted he attributes to the Sun a force of attracting or revolving the Earth and the other Planets; adding that the motion which must be attributed to the Fixed [stars], if it be denied to the Earth, is much swifter.

II. Argument, from the excessive Velocity of the Earth, which no movable could attain toward the East


[Margin: Buchanan's argument against the motion of the Earth.]



[III.] This popular argument George Buchanan painted in poetic colors, enclosed in the verses of book 1 of [his] Sphere, in these lines:


Imagine in your mind that the Pole stands still—with sluggish stars and unmoved body—and that the Earth revolves itself in a circle, and through so many hours (eight by eight) of darkness and of light closes its perpetual gyre along its own tracks. This force [of speed] neither could the swift arrows equal in their course, nor the wings of birds, nor the blasts of the wind, nor [that force] with which the sulphurous violence of flame drives the rocks—as often as the heat, enclosed in the hollow bronze, rages.



The argument, then, can be formed thus:


[Margin: 2nd Form of the Argument.]

If the Earth were turned toward the East by the diurnal motion, or even the annual, no elementary body could attain, toward the East, the places of the earth to which it tends—at least near the Equator. But this is against manifest experiments. Therefore the Earth is moved neither by the diurnal nor by the annual motion.

[Margin: Proof of the Minor.]



The Minor is clear, for birds flying to [their] nest, and ships [sailing] to an eastern port, and arrows, and the balls of guns and Cannons directed at an eastern target, reach there.


[Margin: Proof of the Major.]



The Major is proved by comparing the velocity of the Earth (exhibited in the tables premised at no. 1) with the natural velocity of any bodies whatever, especially near the Equator. For by the diurnal motion alone, a point of the earth at the Equator traverses, in one Second of an hour (that is, in about one beat of the human artery), 301 paces—whereas not only does no ship or bird, but not even the ball of the largest culverin, traverse beyond about 125 paces in one Second. But if the portion of the annual motion be joined with the diurnal, it is not necessary to restrict the argument to a body that is at the Equator; for even when the motion is least (that is, around midday), a point of the earth traverses, in one Second, nearly 12 Italian Miles—whether it be at the Equator or near the Pole, as is clear from the last cells of the 7th Table, placed opposite [the row of] one Second of an hour.

It is responded, however, by denying the Major, because birds, ships—


[…continues on p. 432 (PDF 467) with the catchword "na-" (naues): "…because birds, ships [and the rest share the common eastward motion of the Earth and the air]," continuing the response to the Second Argument.]





(printed p. 432 — within Chapter XXII: the Second Argument's response finishes (projectiles share the Earth's common motion). Then the Third Argument — a rotating Earth would raise a perpetual wind and immense roar — is answered by the trade-winds and by the lower air's moving with the earth; and the Fourth — the shaking and ruin of buildings and the hurling-off of loosely adhering bodies (Buchanan, Clavius) — begins, Galileo and Kepler having raised and dissolved it themselves.)
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[Margin: Response to Argument 2.]



…birds, arrows, cannon-balls, and all bodies of this kind are moved not only by the proper motion which appears to us, but also by the common motion by which the earth is moved (though it does not appear to us); and this motion is as great as the Earth's; and therefore they can reach the place and the eastern target—carried by an equal motion—by their proper motion, which they add over and above the common. Thus indeed the Copernicans.

III. Argument, from the immense Sound, the Lashing of the Air, and a perpetual Wind


[Margin: Buchanan's argument against the motion of the Earth.]



[IV.] This argument likewise George Buchanan did not pass over (bk. 1 of [his] Sphere), when he sang:


Do you not see, when boys shake little rattles in their right hand, or when an arrow, shot from the twanging string, flies; or when the wind, released from the mouth of a bellows, fosters the panting fire in the furnaces? Do you not see with how great a murmur the air hisses, and groans as it is poured forth? If, then, in a small moment the air, [thus] struck, roars and bellows back with sound—what sound, what murmurs, should we imagine the Earth [would make], while, set in headlong motion, it twists itself into a circle, and so many forests at once, and the steep summits of mountains, cut and tear and bore through the indignant air?



The same thing Simplicius objects to Salviati (that is, to Galileo) in Galileo's Dialogue 2, On the System of the World (Latin page 186), in the person of a certain author: The author goes on to show that, in Copernicus's doctrine, one must deny the most valid senses and sensations—as would be the case if we, who feel the breath of the lightest breeze whatever, could not feel the impetus of a perpetual Wind striking us with so great a velocity that in an hour it flies more than 2529 Miles; for the center of the earth, by the annual motion, transmits so much space in one hour, through the circumference of the great orb, as he accurately computes. But, says the same author, on Copernicus's view, the surrounding air would be moved with the earth, and yet the motion of the air—swifter than any wind—is not felt; rather, unless something else supervene, [there is] the utmost tranquillity: what, then, is it truly to deceive the sense, if this is not the deception? Finally Kepler objects similar things to himself (bk. 1 of the Epitome of Copernican Astronomy, p. 137), in that little question: If the Earth were turned by this most swift motion, would a perpetual wind be felt from the opposite [quarter] of the motion? But the responses to these will soon be adduced, when the argument has been forced into form, in this way:


[Margin: 3rd Form of the Argument.]

If the Earth were turned by the diurnal or even the annual motion, a perpetual wind blowing toward the West would be felt by us, and the air, dashed against the mountains, the towers, and the leaves of the trees, would utter an immense sound and hissing. But neither is felt by us, or by any mortal. Therefore the Earth is turned neither by the diurnal nor by the annual motion.



The Minor seems certain from daily experiments, when the air is tranquil and no winds blow from elsewhere.


[Margin: Proof of the Major.]



The Major is proved, because either the air surrounding us is not moved with the earth at an equal velocity—and so, with us and the mountains and forests carried eastward, going to meet the unmoved air, it would turn out just as if the air met us, the mountains, and the forests (unmoved) at an equal velocity; or the air too is moved with the earth at an equal velocity—and so, in one hour, by the force of the annual motion, it flies through 5589 Italian Miles on the Copernican [distance], 14,428⅔ on Kepler's, 43,338 on ours, as is clear from no. 1, table 4. How then can it be that so rapid a motion of the air—by day toward the East, by night toward the West, by the force of the annual motion—should not be felt by us?


[Margin: 1st Response to Argument 3.]



It is responded, first, by the Copernicans, by denying the second part of the Minor—namely, that a perpetual wind or breeze blowing toward the West is not felt by any mortal. For Galileo (Dialogue 4, p. 327), and with him Gassendi (Epistle 2, On impressed motion), holds that within the Tropics a perpetual breeze and wind is felt, and that therefore navigation toward the West is more expeditious than toward the East (as we said elsewhere, ch. 4 at the end of no. 6, and in its scholium 5, and ch. 7 no. 4); yet that it is not felt as vehement as the velocity of the terrestrial motion would otherwise require, because the air is moved together with the earth toward the East, but somewhat more slowly, since by its fluidity it does not entirely obey the earth's motion. But it is supposed, in this response, that the air's being snatched toward the East is from the earth's contact; otherwise, if it were from an intrinsic principle, its fluidity would not hinder it from being moved at an equal velocity with the earth. A similar response, from other effects, Kepler premises (p. 138 of the Epitome of Copernican Astronomy), answering that question about the sensation of a perpetual wind thus: This could be conceded concerning the highest summits of mountains; and from this refrigeration the cause could be sought of the perennial snows even under the Torrid Zone, likewise of the coldness of the eastern winds, of the pleasantness of the morning, and the like—provided that both the lower mountains, and the valleys hidden within their summits (which animals inhabit), were safe, and the air in them—through this exterior friction—undisturbed and quiet, and [provided there were] freedom in it for the boiling vapors to rush in every direction. But it is not necessary that we concede what is objected. Therefore he brings another response, which we shall subjoin at once.


[Margin: 2nd Response to Argument 3.]



It is responded, secondly, with the Copernicans, by denying the Major: because the whole air which is in the lowest and middle region of the air (as being full of terrestrial and watery vapors and exhalations) is moved, by the intrinsic force of the motion common to them and to the land-and-water globe, at an equal velocity with the earth toward the East; and we likewise, and the mountains, and the forests with their leaves, are moved thither—wherefore, just as we do not feel the blow of a spear pursuing us, if we flee from it at an equal velocity of flight (says Galileo, p. 187, dialogue 2), so neither [do we feel] the blow of the air, when we are carried at an equal velocity with it toward the same quarter. But Kepler (bk. 1 of the Epitome of Astronomy, p. 38) says that the aetherial breeze, which is not moved with our air, is so many times thinner than our air which animals breathe, that the friction against the aetherial breeze over a thousand miles in one hour is calmer—and so less perceptible—than the friction of a man's face against the air, walking through it half a mile in one hour. Thus (p. 108) he had said: The aetherial breeze, through which the highest mountain-ridges are carried, is thinner than the air through which a leaden ball is carried—not only eightfold, but by almost infinite times. Therefore the flying-through of the ridges through the aether is many times calmer than [that] of the iron ball through the air. Wherefore Kepler holds that the air enclosed within the usual mountains is moved with the earth (as being watery), and that the aetherial breeze begins from the highest mountain-ridges; and that this [breeze], although it is not moved to the earth's motion, yet cannot—because of its thinness—produce blasts, or very sensible winds, much less a great sound and crash.

IV. Argument, from the Shaking and ruin of buildings, and the Hurling-off of bodies weakly adhering to the Earth


[Margin: Buchanan's argument against the motion of the Earth. — And Clavius's.]



[V.] This argument, such as it is, [belongs] to very many [authors], against both motions of the earth, but especially the diurnal—among whom Buchanan (bk. 1 of the Sphere) sings thus:


Therefore, if the Earth—set in so swift a motion—went toward the West, and came back again to the East, it would shake all things at once with it, and with a vast crash would overwhelm temples, houses, and cities (with their wretched citizens too) in a sudden, unexpected ruin.



Clavius too, pointedly (bk. 1 on the Sphere, p. 196 in my [copy]), says: If the Earth were turned about the world's axis with such speed that it completed its circuit in the space of 24 hours, as some fable, all buildings would collapse, and could by no means long subsist—which no one fails to see is entirely false. For the response of certain people is invalid, who say that buildings would not collapse, on account of the excessive speed of the motion—just as neither does water contained in some vessel flow out, if the vessel is whirled around very swiftly. It is invalid, I say, because the whole impetus of the water is impressed toward the lower parts of the vessel, but not toward its mouth; whereas the impetus is impressed on buildings toward the outermost parts of the earth, etc. Yet the true cause why the water, in that case, does not fall is that the impetus impressed on the water and the vessel together (and moving [them] in a circle) is greater than that which the water's gravity produces downward; and, continued in a circle very swiftly, it transfers the upper parts of the water to another place, in which they are no longer higher than the air. This same argument Galileo objects to himself and dissolves (Dialogue 2, On the System of the World, from Latin p. 139 to 148, but from the Italian p. 184 to 213); Kepler [too], in the Epitome of Astro—


[…continues on p. 433 (PDF 468) with the catchword "Astro-" (Astronomiae): "…of [Copernican] Astronomy, pp. 136 & 137," continuing the authorities for the Fourth Argument (Philolaus, Baranzano, Copernicus, Ptolemy).]





(printed p. 433 — Chapter XXII closes: the Fourth Argument (a rotating Earth would topple buildings and fling off bodies, as spinning wheels sling water and mud) is put in form and answered — earth-bound bodies share the common motion uniformly, so nothing is shaken off. Then the Fifth Argument, from the sensation of impetus we should feel if moved with the Earth, is answered from Kepler: we feel impetus only where there is a struggle of impetuses, not in a uniform common motion.)




[Header: ON THE SYSTEM OF THE MOVED EARTH — 433]



…[the Epitome of Copernican] Astronomy, pp. 136 and 137; Philolaus, part 1, ch. 6; and Redento Baranzano (part 1 of the Uranoscopia, p. 111). But before all these, Copernicus (bk. 1, ch. 7), where he also attributes this argument to Ptolemy. Copernicus's words are:


[Margin: Copernicus's casting [of the argument] against himself.]

For the motion [of the earth] would have to be most rapid, and its swiftness insuperable, which in 24 hours would transmit the whole circuit of the earth. But things which are set in motion by a sudden whirling seem utterly unfit for cohering, and [things] more united to be dispersed, unless they are held together by some firmness of cohesion: and long ago—he says (namely Ptolemy, whom he had just named)—the earth being dissipated, [the earth] would have fallen out of the heaven itself (which is quite ridiculous); and all the more would animals, and all other loose loads, by no means remain unshaken.



To which objection he responds at chapter 8.


[Margin: Ptolemy's argument against the motion of the earth.]



But Ptolemy's words (bk. 1 of the Almagest, ch. 7) had been: If a motion common to the other heavy bodies, and a singular one, were also in the Earth itself, it is clear that—on account of so great an excess [of speed], in relation to its magnitude—it would, in [its] revolution, anticipate [outrun them]; and, the animals and other weights being left behind in the air, it would itself most swiftly fall out even beyond the heaven itself. To which Chiaramonti subscribes (in the Anti-Philolaus, parts 1 and 6). Let the argument now be collected into form, as below:


[Margin: 4th Form of the Argument.]

[VI.] If the Earth went round by the diurnal, or also the annual, motion, all buildings, [being] shaken, would fall; and the rest [of the things] standing upon the earth's surface but cohering little firmly, shaken off by its whirling, would be hurled away. But neither happens. Therefore the Earth goes round neither by the diurnal nor by the annual motion.



The Minor is clear: for we do not experience perpetual collapses or earthquakes, but [only] rarely, and [those] from another cause than the whirling of the whole earth. The Major is proved from the very rapid whirling of wheels: for [things] which have been placed on their circumference, and do not cohere very firmly with them, are thrust out and hurled far. Thus the half-projecting wheels of mills wet the neighboring places by the sprinkling of thrown drops; thus the wheels of carts, when driven fast, push out the adhering mud; and boys, the reed being whirled in a circle, hurl a stone inserted in the slit of the reed (as in tongs) to a long distance. Much more, then, would the Earth at last shake loose the buildings, [once] shaken, and not only shake apples and leaves from the trees, but thrust out the animals creeping upon it, and ships, and the stones which are in the channels of waterless torrents, and sands and the like—by as much as its whirling is swifter than the whirling of all wheels.


[Margin: Response to argument 4.]



The Copernicans already named respond, however, by denying the Major; and, as to its proof drawn from a similar [case], they deny the parity. For bodies placed upon wheels are not moved of themselves, nor at an equal velocity with the wheel; and the impetus which is impressed on them by the wheel is along a straight line tangent to the wheel at the point where those bodies are (and from which the impetus issues)—granted that, by reason of their own gravity, they then decline downward from the straightness of that tangent; and the same is to be said of the stone thrust out from the slit of the reed. But all heavy bodies—whether firmly fixed to the earth (like buildings) or infirmly (like sands, ships, the stones of torrents, the leaves and fruits of trees)—are moved by the common motion, and at an equal speed with the earth, in an entirely uniform manner, and neither collide nor are shaken by a reciprocal back-and-forth agitation. Just as cups full of wine are not even overturned, if a vessel is carried very swiftly, but at an even velocity, down a river; nor do the Antipodes fall off, because they strive toward the earth's center by an equal conspiration [common tendency]. If anyone desires more about the cause for which bodies thrown upon wheels are thrust out, let him consult Galileo (in the places adduced a little before), and Niccolò Cabeo (bk. 1 of the Meteors, text 17, q. 8), where he denies that [things] so thrust out are moved along the Tangent of the circle at the point from which the thrown [bodies] are torn away—because gravity inclines those thrown [bodies] downward, and twists [them] aside from the straightness of the Tangent.

V. Argument, from the Sensation of impetus that would be in us, if we were moved with the Earth

[VII.] Before I had read the seeds of this argument in Kepler (bk. 1 of the Epitome of Copernican Astronomy, p. 136), it had long seemed to me that it could not but be that any animals—and we above all—would feel, in our very selves and in all the viscera and vessels of our body, an impetus impressed either by the earth or by our own common motive faculty, if we were carried round together with the earth at so great a velocity as we expressed in the tables shown at no. 1. Yet the likeness of those who are carried in a ship seemed to remove this suspicion. Nor had Fr. Francesco Maria Grimaldi read Kepler in that place; and yet he too, in disputing about this matter, asserted to me—just as one falling from a window, even if he falls straight to the perpendicular and has [his] eyes closed, feels himself gliding downward—so it would be that we too would feel our motion and impetus, if we were turned with the earth by so headlong, or precipitous, a whirling. Not long after, re-reading the said place of Kepler on another occasion akin to this, I found this very objection conceived in this question:


[Margin: Kepler's argument against the motion of the earth, and the Response.]



But surely we would feel this motion, at least in our bodies, even with [our] eyes closed? To which he responds at once: By no means; for not even in ships is the motion always felt, when they run evenly—although there the natural bodies are snatched by their gravity, not toward the ships as toward the ships, but beyond the ships outward, and downward to the lands beneath (which are at rest with respect to the river), while the ship snatches them across [transverse to] this line. By how much less shall we feel the Earth's motion—we who, by the gravity of our bodies, are attracted nowhere else than toward the going earth on which we stand, and accordingly are not snatched outside the line of natural attraction, since that line accompanies us, snatched along together [with it]? These [things] he [says], and nearly sufficiently; yet I ought, for the sake of the natural philosophers and the dialecticians, to dissolve this very argument, reduced to the canons of the syllogism:


[Margin: 5th Form of the Argument.]

If the Earth, and we with the Earth, were snatched at an equal velocity toward the East, it could not but be that we would sometime feel this motion in our very selves. But we never feel such a motion. Therefore neither the Earth, nor we with the Earth, are snatched at an equal velocity toward the East.



About the Minor I think there is no doubt to anyone. The Major is proved, because we—in a fall downward, or in a leap upward and a falling-back downward—even if we close our eyes meanwhile, nevertheless feel our impetus impressed on our bodies (either upward by the soul, or downward by gravity); therefore likewise, whether the Earth and the terrestrial or watery air carry us toward the East, or [whether] in our bodies there be a common faculty and force of going in a circle and following the Earth, we ought nevertheless to feel this very impetus (as subjectively received in us, and perhaps effectively emanating from us) by some sense at last, at least the common [sense].


[Margin: Response to the 5th Argument.]



It is responded, however, by denying the Major, on account of the reason and the likeness just adduced from Kepler. But the [things] which are adduced to confirm the Major are weak, and have a disparity. For in the cases adduced we feel the motion and impetus because neither the air nor the earth are moved with us by the same motion upward or downward—whence it comes about that, if not by [our] eyes, at least by touch we feel ourselves leaving one place and acquiring another; and in a leap upward there intervenes a struggle of the impetus [going] upward from the soul with the impetus [going] downward from gravity. But in the common motion toward the East, nothing of the sort happens, nor do we have any indication of this common motion, or of a new place acquired through it—whether we compare the place we occupy to the Fixed stars, or to other [things]—understand, as long as we are not moved by a proper motion; for this [proper motion] is apparent to us. Nor should it seem strange that there is in us some faculty which exercises its act without our feeling it; for the vital faculty does this perpetually, in concocting and digesting foods.


[…Chapter XXII ends here. Continues on p. 434 (PDF 469) with the catchword "CA-" (CAPVT XXIII): the next chapter.]





(printed p. 434 — Chapter XXIII opens, turning to four celestial arguments against the Earth's motion, judged weak but not to be despised. The First, from the apparent setting of the stars (a rotating Earth should make the western mountains seem to rise), is answered from Kepler. The Second, from a Fixed star seen from a narrow well — which should vanish in a pulse-beat on a rotating Earth — is answered by Riccioli: the visibility-duration is an optical quantity measured by the visual angle, not the well's physical width; the geometric demonstration begins.)




[Header: BOOK IX. SECTION IV.]



 


Chapter XXIII, Four Arguments are proposed and dissolved, taken from the Rising and Setting of the Stars — whether seen in the open or from a well — and from the Solstitial Shadows of the Sun, or the Eclipse at the death of CHRIST.

[I.] Up to now, the arguments against the Earth's motion have been sought out from those [things] which appear in elementary bodies; now they are to be deduced from the celestial Phenomena. But these too we shall at length recognize [to be] weak — which, nevertheless, are not to be despised, lest they should seem to be rejected unheard, for nothing.

I. Argument, from the apparent Setting of the Stars


[Margin: 1st Argument. Form.]

If the Earth were moved by the diurnal motion, the Western mountains would seem to us to ascend, rather than the star to descend below the horizon; and the Eastern mountains [would seem] rather to descend, than the star to ascend above the horizon. But observation holds otherwise: for the mountains seem immovable in both quarters, and the star [seems] to ascend from the East and to descend into the West — indeed, it is from this that that part of the heaven is called the East, and this [other] the West. Therefore the Earth is not moved by the diurnal motion.

[Margin: Kepler's Response to Argument 1.]



Thus Kepler objects to himself (bk. 1 of the Epitome of Copernican Astronomy, p. 129). But he responds at once by denying the Major's consequence: for ascent, says he, is judged by sight from the desertion of the plane on which we stand, and from the approach of a thing toward the zenith, toward which a man's stature is raised erect. But the mountains themselves are the very [things] which form the visible plane for us, and they do not approach the zenith — because, by as much as they themselves advance, by just so much does the line in which the spectator's stature stands erect advance at the same time; and in that line [is] the zenith too: whence it comes about that the zenith is visibly always equally distant from the ends of the ground on which the spectator stands, that is, from the extreme [end-]points [of the motion]. The mountains, therefore, cannot be seen to ascend — granted that, on the hypothesis of a moving Earth, they truly do ascend.


[Margin: Corroboration of the argument.]



But if you press the argument, and say that it is necessary that they at least seem to be moved, even if not to ascend or descend — it is responded by denying this consequence too: for if they seemed to be moved, [it would be] by no other [motion] indeed than the motion of ascent or descent; for whatever cause, then, they are not seen to ascend or descend, for that very [cause] they will not even seem to be moved. And here that Virgilian [verse] holds good:


We are carried forth from the harbor, and the land and the cities recede. [Aeneid III.72]



— granted it is the ship which really recedes. So those who sail downstream, if they were not beforehand aware of the motion of themselves and of the ship, will think that the neighboring shores and the mountains come to meet them against the stream: and so of like cases.

II. Argument, from the Fixed Stars seen from a Well


[Margin: 2nd Argument. Form.]

[II.] If the Earth, rather than the Firmament, were moved by the diurnal whirling, we — looking from the bottom of a well at some Fixed star overhanging our zenith — could not see it as long as we in fact do see it; but in one beat of the artery, snatched together with the well toward the East, we would lose sight of it. The consequent is false; therefore the antecedent [is false] too, whence that [conclusion] follows.



Thus indeed argue, with Alessandro Tassoni, [also] Bartolomeo Mastri and Bonaventura Belluto (Disputation 4, On the Heaven, q. 4, art. 3, no. 117). They try to prove the Major's consequence from this: that the well's mouth is not wider than one ell — as great a little space as the Earth, by its diurnal whirling, traverses in the blink of an eye; while we cannot see more of the heaven from the well's depth than what is comprehended under the angle made at the eye's center by two lines drawn from the eye through the well's outermost edges into the heaven. Since, therefore, the space of the heaven comprehended by the said angle is far greater than the well's mouth, from this they deduce that the same star can be beheld from the well's depth for so long a time, and that the Fixed [stars], rather than the Earth, are moved by the diurnal motion. But these authors are to be pardoned, as being little devoted to Geometry — since even some friend of ours (not lightly imbued with Geometry, I know not who) thought that this argument had a demonstrative force against the Earth's motion, and tried by his calculations to add weight to it. For they say that in one Second of an hour (or in about one beat of the human artery) the Earth, by the force of the diurnal whirling, traverses under the Equator very many paces — much more than one ell, as great as the well's width is — and therefore that immediately the whole width of the well would withdraw itself from the space which lies beneath the celestial space embracing the Fixed star, etc. Nor, however, is it necessary to descend into a well; but it suffices to look at the passing stars through a window, from a very long tube, or from the bottom of some portico closed on all sides.


[Margin: Response to argument 2.]



It is responded nonetheless by distinguishing the Major's consequence, and conceding it — if the eye and the well-bottom were at the Earth's center, and the well's mouth were not much wider than 300 of our paces; or [if] the eye and the well-bottom were near the earth's surface, but the visual angle made by the straight lines drawn from the eye through the opposite edges of the well comprehended no more Seconds in the heaven than the fifteen [15″] of the circumference described from it. But otherwise the Major's sequel is denied. As to its proof, it is conceded that there are more paces — which a point of the terrestrial surface traverses in one beat of the human artery (that is, in about one Second of an hour), especially in the parallels near the Equator — than the usual width of the well; but the consequence is denied, because the measure of the time during which some Star lasts under the gaze of an eye placed at the well-bottom is not the physical quantity of the well's width (determined in paces or in other measures known to us), nor its proportion to the physical quantity of the whole terrestrial circumference; but it is the optical quantity — namely, of the visual angle, relative to the arc of that circumference which is described from the Earth's center (for this circumference is the one whose whole revolution measures the diurnal time of 24 hours). Hence it comes about that, if the eye is at the earth's center, the measure of that time (or duration of the star under the eye's gaze, [the eye] placed at the bottom of so deep a well) is the arc of the circumference — both terrestrial and celestial — comprehended by the two straight lines drawn from the eye through the opposite edges of the well: and in this case I say that, if the star must remain under view for a longer time than one Second of an hour (or one beat of the human artery), the well's mouth must be wider than 300 of our paces. But if the eye is near the earth's surface, the measure of the said time is not the arc of the terrestrial globe's circumference comprehended by the well's edges (because that arc is not described from the eye as its center); but it is a celestial or terrestrial arc similar to the arc comprehended by the visual angle (or by the lines drawn from the eye through the opposite edges), if from it the doubled parallax of the star be subtracted. And in this case I say that, if the star is not to remain under the gaze of an eye placed at the well-bottom more than one Second of an hour, this arc and angle must comprehend no more than 15″.

[III.] These [things], though they can easily be understood by those skilled in Geometry, it is nevertheless worth while to assist — both them and others — by some diagram, and by some problems (the occasion taken from this argument) very opportune. From the Earth's center A, describe the semi-periphery BCD of the celestial Equator, and under it the semicircumference ELF of the terrestrial Equator, in whose Equator's plane let there be a well a–S–O–b, through whose bottom describe from A the semicircumference GIK, which the eye I, placed at the well-bottom, is supposed to describe while it is moved by the diurnal whirling with the Earth around the center A — toward B, the Eastern point; and let the width of the well be the straight line SO, subtended to the arc S–L–O. But since the walls of all wells and buildings constructed to the perpendicular, and the perpendicular lines of [those] walls, meet at A, the center of the Earth, if the well be imagined dug all the way to the earth's center, the well will be A–S–O. Let there be, then, such a well, and the eye placed at A: for, the straight lines ASP, AOQ being produced from A through the edges of the well…


[…continues on p. 435 (PDF 470) with the catchword "tei" (pu-tei S, & O) — "…[through the edges] of the well S and O, all the way up into the heaven," carrying on the geometric construction and the three Problems that resolve the well-argument quantitatively.]





(printed p. 435 — within Chapter XXIII: the geometric resolution of the well argument continues through three worked Problems — finding the well-mouth needed for a given visibility-delay with the eye at the Earth's center (300 paces for one second) and near the surface, and conversely finding the visibility-delay from a well's given width and depth (a 4-ft-wide, 100-ft-deep well yields over a minute of visibility).)
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…[through the edges] of the well S and O, all the way up into the heaven, where, as soon as the Eastern edge of the well comes to S — if in the line ASP there be a star at P — [the eye] will begin to behold it, and will be able to see it until the well's edge O comes to S. But I said that the star cannot be seen by an eye placed at the Earth's center for longer than one Second of an hour, if the well's mouth OS is not wider than 300 paces — which, by the help of the following Problem (that the benefit may be more universal), I shall demonstrate.


[Engraved figure (#39) — the well-and-zenith construction. A great semicircle B–C–D (the celestial Equator) stands on the diameter B…D, with center A on the baseline; C is the zenith (top). Along the baseline from west (left) to east (right): B, E, G, A, K, F, D. Nested over A are the smaller concentric arcs — the terrestrial Equator E–L–F and the well-bottom semicircle G–I–K — and at the very center the well-mouth chord S–O (with the well A–S–O–b and points a, b). Radial lines run from A up to the lettered points on the great arc: M, P, C, O[uter], N (M and N farthest left and right, P and the rest between, C at the apex). The visual lines from the surface-eye, I·S·M and I·O·N, frame the wide arc MCN; the inner letters R, S, L, X (with small a, b) mark the well-mouth and axis near A; V, T, H lie on the lower left. The figure serves all three Problems below.]

I. Problem. Given the delay of time during which a Star can be seen by an eye existing at the bottom of a well at the Earth's center under the Equator; and given moreover the Earth's semidiameter: to find the width of the well's mouth necessary for such a delay.



[IV.] From A, the Earth's center, let the perpendicular ALC be drawn, cutting in half both the arc SLO, and the chord SO, and the angle SAO (by [propositions] 9, 10, and 11 of the first [book] of Euclid); for there will arise the rectilinear triangle ALO, right-angled at L, in which is given the base AO (the earth's semidiameter) and the angle OAL (which is half of the angle OAS subtending the arc OS — known from the given time-delay, converted into parts [degrees] of the Equator). Therefore, by the laws of Trigonometry, the side OL will not lie hidden, in the [same] parts of which AO is known; and so OL, doubled, will give the chord OS, that is the required width of the well.


[Margin: Example of a one-second delay.]



EXAMPLE. Let the said time-delay be of one Second of an hour; to this, from the tables of the Primum Mobile, corresponds the arc OS of 15″; whose half is the arc OL of 7″½, and just so great too is the angle OAL. But since, from what was said in book 2, ch. 7, the Earth's semidiameter AO is 4139 Bolognese Miles, AO will be 4,139,000 Bolognese paces; from which data the side OL is gathered [to be] 150 paces. Therefore the required width of the well, OS, is 300 paces.

Now let the eye be imagined at the well's bottom I, equally distant from the sides O–b and S–a, and let the straight lines I·S·M and I·O·N be produced from I through the well's edges O and S all the way into the heaven; for they will intercept the arc MCN, much greater than the arc PCQ which was intercepted by the visual angle SAO. Wherefore, by so much longer a delay will the eye I see the star (rising for it from M) sooner than the eye A [sees] the star rising at P, as the Equator's arc MCN is greater than the arc PCQ — both arcs converted into time. But if this time, in this position of the eye too, must be no greater than one beat of the human artery (or one Second of an hour), it will be necessary, as I said, that the depth of the well IL and the narrowness of the mouth OS be so [great] that the angle MIN comprehend no more than 15″ of the Equator — at least if the star is Fixed, or lacking sensible parallax. Let us suppose the well's depth to be at least 100 paces (or 500 feet) — although scarcely any well is wont to be found which exceeds 100 cubits (that is, 150 feet); and let the delay of the star under the gaze of the eye I be of one Second of an hour; and let it be proposed to find the width of the well, beyond which it cannot last for the given delay — for this will be investigated by the following Problem, with an example also added, as you see.


II. Problem. Given the delay of a star under the gaze of an eye looking at it from a well-bottom, [the eye] existing at the Equator; given moreover the depth of the well: to find the width of the well's mouth congruent to that delay.



[V.] In the preceding figure, since the arc MCN is given (from the time of the star's delay under the gaze of the eye I, converted into parts of the Equator), the angle MAN is also given (from which that arc was described); and, AIC being produced cutting the angle MAN in half (just as it cuts SIO), the angle CAN will be known, because it is half of the angle MAN. Now let the straight lines AM and AN be produced from A: for in the triangle AIN, the angle ANI (which is the star's Parallax) and the angle NAI, taken together, are equal to the external angle CIN (by [proposition] 32 of the first [book] of Euclid's Elements); wherefore, if the parallax N be known and added to the angle NAI, the angle CIN — that is, LIO — will be known, in the small rectilinear triangle LIO, right-angled at L, in which the well's depth IL is given. Therefore, by the canons of Triangles, the side LO will be made manifest, which, doubled, will give the well's required width OS.

EXAMPLE. Let the given delay of the Star be of 1 Second of an hour; to which, at the Equator, corresponds the arc MCN, that is the angle MAN, of 15″; wherefore the half of this angle, CAN, is 7″½; and just so great — to all the subtlety of the senses — is the angle CIN, that is LIO, if the angle N (the parallax) be supposed insensible, as it is supposed [to be] in the Fixed [stars]. Let there now be given, in the triangle LIO, the well's depth (or side LI) of 100 paces, or 500 feet, that is 6000 inches. For from this and from the angle LIO of 7″½, the side OL will come out [to be] 21⅞ inches. Wherefore the whole width of the well, OS, will be 43¾ inches — that is, 3 feet and 7¾ inches. But if it were greater, the star would last under the gaze of the eye I for a longer time than one Second of an hour.


III. Problem. Given the Width and Depth of a Well under the Equator: to find the time-delay during which a star can be seen by an eye placed at the well-bottom.



[VI.] In the triangle LIO of the preceding figure, right-angled at L, the well's depth LI is given for one side about the right angle, and LO for the other (since it is half of the well's width OS). Therefore, from Trigonometry, the angle LIO will be made known; from which, the star's parallax (if there be any) — that is, the angle ANI — being subtracted, the angle IAN will be known (by [proposition] 32 of the first [book] of Euclid), that is the angle CAN, measuring the arc CN of the Equator; and this, doubled, will give the arc MCN, which finally, converted into time, will make manifest the delay of the star under the gaze of the eye I.

EXAMPLE. Let the well's depth LI be given [as] 100 feet, and the width SO [as] 4 feet, and therefore the half-width LO [as] 2 feet. For, by the laws of right-angled Triangles, the angle LIO will be 8′ 50″; and just so great will be CAN, if N, the parallactic angle, is insensible (as it is in the Fixed stars). Wherefore the whole angle MAN — that is, the arc MCN — will be 17′ 40″; to which corresponds a time of one Minute and 11″ nearly, that is about 71 beats of the human artery; which having elapsed, the star M — seen as caught beneath the eye I, under the edge S — will set for it beneath the edge O, [the star] being now translated to N by the force of the celestial diurnal conversion. But if it be the Earth that turns, the well's edge O will, in so great a time, be translated together with the well toward T, the Eastern point, by so great an arc of the terrestrial circumference that through it a straight line — namely IM — can be drawn from the eye to the Fixed star at M (now supposed immovable): concerning the quantity of which arc, consult the following Problem.


[…continues on p. 436 (PDF 471) with the catchword "IV. Pro-" (IV. Problema) — the fourth Problem of this well-geometry, finding the terrestrial arc through which the well's edge is carried while the star remains in view.]





(printed p. 436 — the well-geometry of Chapter XXIII finishes with Problem IV, exposing how greatly the argument's proposers sinned against Geometry. The Third Argument (solstitial gnomon shadows at Syene) and Fourth (the three-hour eclipse at Christ's death, answered as miraculous by the Moon's supernaturally varied motion) are given and answered, and the chapter closes. Then Chapter XXIV opens, on four arguments from the principle and simplicity of the motion, beginning with Aristotle against Anaximander.)




[Header: BOOK IX. SECTION IV.]

IV. Problem. Given the Depth and Width of a Well, to find the arc of the terrestrial Equator's circumference which, by the force of the diurnal whirling, must pass from the rising to the setting of the star, with respect to an eye [looking] from the well-bottom. And if the quantity of one Degree of the terrestrial Equator be known, in feet or paces, etc.: to determine, in these measures, the quantity of the said arc.



[VII.] Let the time of the star's delay under the gaze of an eye at the bottom of the given well be investigated, by Problem 3; and thence the arc of the Equator corresponding to that time — for the sought arc of the terrestrial circumference will be similar to it. For example, if of the well S–a–b–O there be given LI (the depth) and OL (the half-width), and thence the angle LIO; the angle CAN is given, provided the parallax N (if there be any) has been subtracted from the angle LIO; this [CAN], doubled, will give the angle MAN, which measures both the arc MCN and the arc ZLX — because each is described from the common center A, and intercepted by the same two straight lines AZM and AXN drawn from that same center A. The arc ZLX being now known, if an arc equal to it be taken from the edge S toward T, you will have the arc ST; and the point T will be that to which the eastern edge S will have been translated after the said time. Therefore, taking toward the right the arc TR — determined by the chord TR equal to the well-width OS — R will be the western edge; and a line drawn from the eye H (now translated hither) through R will fall upon the star M, setting for the eye H. Finally, if it be made that, as 60′ to the paces or feet contained in one degree of the terrestrial Equator, so the minutes of the found arc ZLX (or TRS) to another [number], the said arc will be known in these measures too.

EXAMPLE. Let it be as in the example of Problem 3: the well's width of 4 feet, and the depth of 100 feet. For the arc MCN, from what was said there, will be 17′ 40″. Therefore both ZLX and TRS, each singly, will be 17′ 40″. But, from what was said in book 2, ch. 7, in one degree of the terrestrial Equator there are 72,500 Bolognese Paces, that is 362,500 Feet. Therefore, as 60′ to 362,500 feet, so 17′ 40″ to 46,319 feet. Wherefore, although the said well is 4 feet wide, the same star will nevertheless last under the gaze of an eye placed at its bottom until an arc of 46,319 feet of the terrestrial circumference has passed by — if the well is 100 feet deep.


[Margin: The Error in the Geometry of the Authors of the 2nd Argument.]



From which is gathered how greatly they sinned against Geometry who thought that the star must vanish from the eyes as soon as only so much of the terrestrial circumference (as great as the well's width is) had passed by.

III. Argument, from the Shadows of Gnomons under the Tropics on the Solstitial Days


[Margin: 3rd Argument's form and Response.]

[VIII.] If the Earth were moved by the diurnal motion, gnomons erected in the Tropics on the solstitial days would — except at the single moment of midday — cast sensible shadows. But this is against the experiments and observations made at Syene and other places under the Tropic of Cancer, and reported by Strabo and Pliny and others. Therefore, etc.



It is responded, as above to argument 2, by denying the Major, for the same reason. For since gnomons perpendicularly erected above the earth's surface meet at the earth's center, those two extreme [gnomons] which, produced into the heaven, would touch the Sun's edges, subtend a similar arc both on the earth's surface and in the heaven [at the Sun] — namely of about 30′ — which require, of the diurnal revolution, two horary Minutes [of time]. For so great a time, then, throughout that whole space contained between the two said extreme gnomons, no sensible shadow of them appears — whether the Sun be moved by the diurnal motion while the Earth stands still with the gnomons, or the Earth [moves] while the Sun stands still; because, as I said, the arc is similar; and either arc is the measure of a time having the same proportion to the whole day as that arc has to its whole circumference. Furthermore, concerning Syene especially and other places under the Tropic of Cancer, and concerning the fact that no midday shadows can be seen on the day of the Solstice, [these may be consulted:] Cleomedes (bk. 1 of the Cyclic Theory, ch. 10), Strabo (bk. 17), Pliny (bk. 2, ch. 75), Ptolemy (bk. 4 of the Geography, ch. 5, in table 3 of Africa), and Macrobius (On the Dream of Scipio, bk. 2, ch. 8).

IV. Argument, from the Eclipse of the Sun seen at the death of CHRIST


[Margin: 4th Argument's form.]

[IX.] The Eclipse of the Sun at the death of CHRIST was total, and lasted such [total] for three hours. But if the Earth were turned by the diurnal whirling, it would not have lasted total for three hours. Therefore the Earth is not turned by the diurnal whirling.



The Major is certain from the Gospel, where it is said that darkness was made over the whole earth from the sixth hour until the ninth hour. The Minor is proved, because the Earth's most rapid whirling would, in those three hours, have completed 45 degrees, and would have drawn the whole of Palestine under another quarter of the heaven — [a quarter] between which and the Sun the Moon would not have been interposed. And it is confirmed from the 5th epistle of Dionysius the Areopagite to Polycarp (which we reported in bk. 5, ch. 18, no. 3), where he describes the motion of the Luminaries in that eclipse [as going] from East toward West; from which Tanner (On the Heaven, q. 9) and Inchofer (ch. 7 of the Sylleptic treatise) infer that the diurnal motion belongs to the Luminaries; but [they argue] that, if the Earth too had been endowed with the diurnal motion, it would have freed itself twice as quickly in transferring Palestine from a position suitable for seeing the Eclipse — the Luminaries meeting it by their own motion and going still further to meet the terrestrial conversion.


[Margin: Response to Argument 4.]



It is responded by denying the Minor, because that miraculous Eclipse was not total and of three hours by the force of the diurnal and common motion (although, had it been by its force, a miracle could have been worked in that motion too), but by the force of the proper motion of the Moon compared with the proper motion of the Sun — which motion was supernaturally varied in the Moon, the Moon being drawn back from the Full and the diametrical opposition with the Sun to Conjunction with the Sun, and kept under it [the Sun], between [it and] Palestine, for three hours; which could equally have come to pass whether the Earth moved or not. But the rest of the things pertaining to this miracle we have diligently pursued in that chapter 18 of book 5.




Chapter XXIV, Four Arguments are proposed and dissolved, against the Diurnal and Annual motion of the Earth, taken from the Principle and the simplicity of this motion.


[Margin: Aristotle's 1st Argument against the Earth's motion.]



[I.] When Aristotle (On the Heaven, bk. 2, ch. 12) had reproved certain of the Ancients — especially Anaximander, who, anxious as to why the whole Earth is not borne downward but rests at the center of the World, had rendered no reason from the Earth's own nature, nor [explained] why its parts are borne toward the middle of the world — he himself laid down that it must first be asked whether [the Earth] is moved, and then where it rests. Wherefore, in ch. 13, text 96, he tries to show that the earth, by its own nature, is moved by neither motion; for, repeating what he had narrated in ch. 13, he says: For, as we said, some make it [the Earth] to be one of the stars; others, placing it in the middle, say that it is turned and moved about the middle and about its own poles. And at once he subjoins: But that this is impossible is manifest, the principle being assumed: that if it is borne — whether existing in the middle, or outside the middle — it is necessary that it be moved violently by this motion; for it is not [the motion] proper to the Earth itself, for then each one of its particles would have this same motion; but now they are all borne in a straight line toward the middle. Wherefore, since this motion is violent, or beside nature, it is not possible that it be everlasting; but the order of the World is everlasting. His argument, then, reduced to the syllogistic rules, is of this kind.


[…continues on p. 437 (PDF 472) with the catchword "I. Ar-" (I. Argumentum) — the sub-head "I. Aristotle's Argument from the Violence of the motion," and its formal syllogism.]





(printed p. 437 — within Chapter XXIV: Aristotle's First Argument, from the violence of the motion (a circular motion of the whole Earth would be violent and so not everlasting), is set out in form with the Copernican responses. Then the Second and Third Arguments reproduce Scheiner's sorites from the Mathematical Disquisitions, answered by Galileo: the first two of his three Enthymemes (on the abolition of simple straight motion and the unassignable principle of the motion) are reported with the Copernican replies, the third beginning.)




[Header: DE SYSTEMATE TERRÆ MOTÆ — 437]



I. Aristotle's Argument, from the Violence of the motion


[Margin: 1st Argument's Form.]

[II.] If the whole Earth were moved — either by the annual and diurnal [motions] together, or by the diurnal motion alone — its motion would be violent or preternatural; but a violent or preternatural motion ought not to be attributed to the whole Earth. Therefore, etc.



The Major is proved, because neither motion would be from the Earth's own natural principle; for if a circular motion — whether of translation [revolution], or of the whirling alone — were natural to the whole Earth, it would be natural to its parts too. But it is not natural to the Earth's parts; therefore neither to the whole Earth. That it is not natural to the parts is proved, because not all [the parts] are moved circularly, whether by whirling or by translation, but, when let go, are borne downward along a straight line perpendicular to the middle. The Minor is proved, because a motion which is not everlasting ought not to be attributed to the Earth (which is a part of the World), since the order of the World in its other parts and motions — namely in the heaven of the world, in generations, etc. — is everlasting; but if a violent or preternatural motion were attributed to the Earth, it would not be everlasting, for nothing violent is perpetual.


[Margin: 1st Response to the 1st Argument.]



The Copernicans will respond, first, by denying the Major; to whose proof they will concede that the circular motion is natural both to the whole Earth and to its parts, so long as the parts are conjoined with their whole; but if separated, they will say that the natural [motion] for them is a motion mixed of the circular and the straight, or some other similar [motion], according to the figure of motion required — so that, by tending downward, they fall back onto the point of the Earth above which they were let go perpendicularly (concerning which, enough in ch. 17). But when it is said, in the proof of the Major, that a circular or quasi-circular motion does not belong to the parts, this they will deny; and as to the proof of that statement drawn from the apparent straightness of the downward motion of heavy bodies, they will concede that their motion apparent to us is rectilinear, but will deny [it] of the real motion, which takes place in the cosmic space.


[Margin: Objection against the Response.]



Against which response, nevertheless, the Aristotelians will press that it is absurd to desert the sense, and in Physics to destroy a motion which appears, in order that there be substituted a motion which neither appears nor can appear — and that for the sake of certain reasons [that are] fitting, but by no means necessary.


[Margin: 2nd Response to the Argument.]



The Copernicans will respond, secondly, to the Minor, by denying it as to its second part, concerning preternatural motion; or they will turn the argument back upon Aristotle, who attributes to fire a circular motion from without (on account of the diurnal conversion of the heaven) — and therefore preternatural, yet perpetual. A circular motion, then, can be attributed to the earth's parts too, if they are drawn magnetically by the whole globe of the Earth (as Gilbert, Kepler, Galileo, Gassendi judge); indeed even to the whole Earth, if this too is drawn into a gyre by the Sun's whirling about its own center (as Kepler judges).

II. Argument, from the Simplicity of motion due to the Earth

[III.] Our [Father Christoph] Scheiner uses a very long Sorites and heaped-up interrogations in the Mathematical Disquisitions, from page 31 to 35; to which Galileo tries to respond (Dialogue 2, from the Latin page 175 to 182, but from the Italian 232 to 240). But since Scheiner at length (page 35) gathers into three Enthymemes what he had said before, I shall report those in order, with the responses which Galileo (partly) and other Copernicans (partly) have suggested from their hypotheses. His first argument is of this kind.


[Margin: Scheiner's 1st Enthymeme against the Earth's motion.]

The Copernican motion of the Earth takes away from the Universe the simple motion of things, upward and downward; therefore it is not to be admitted.



The Antecedent is clear, because from the Copernican motion of the Earth it is necessary that heavy and light bodies naturally so descend or ascend to their place that they describe a line not indeed perfectly circular, but quasi-circular and varied (according to the different parallels), as is clear from the figures adduced in ch. 17, nos. 16, 17, 18. The Consequence is proved, because it is evident, from the perpetual experience of the senses, that to heavy and light bodies there belongs a simple motion along a straight line upward and downward, falling perpendicularly upon the Earth.

The Copernicans respond by denying the Antecedent. As to the motion apparent and evident to sense, the Copernican hypothesis too represents this as rectilinear — in which sense they concede the Consequence; but they [take] the Antecedent [as concerning] the real line of this motion, against which there is no experience of sense, since [experience] behaves toward it merely negatively, and is borne only upon the apparent motion.

III. Argument, from the Inconveniences of the Principle of this motion, whatever that [principle] be assigned to be


[Margin: Scheiner's 2nd Enthymeme.]



[IV.] The second argument of Scheiner (on the same page 35), which here is our third, is of this kind: The Copernican motion of the Earth necessarily induces, in all things — borne both from the center and toward the center — some circular motion, whose principle, nevertheless — whether natural or non-natural, whether internal or external — cannot be assigned without innumerable absurdities. Therefore the Earth's motion is not to be admitted.

Yet very many of the absurdities, previously enumerated by him, militate only against an external and non-natural principle, which the better Copernicans do not assign; nor do even Kepler or others — who acknowledge magnetic attractions from the earth — suppose that the parts of the earth placed outside their own place are drawn by the terrestrial globe unnaturally, but naturally, there concurring in them an inclination to receive the attraction passively. Let us hear, then, what he brings against those who assign this principle as natural and intrinsic. He says that, if the circular motion is natural to the Earth, the straight [motion] — which at any rate appears in those [bodies] — cannot be natural, since these motions differ from one another in species. Moreover, if the whole earth with the water were annihilated, no hail or rain would fall from a cloud along an apparent straight line, but would naturally only be carried round in a circle — which he affirms to be contrary to experiments and to reason. Finally, if beneath the earth, around the Earth's center, there were an airy sphere, and a stone were placed at the earth's center, this [stone] ought naturally to ascend from that center to the rest of the earth, and afterward to rotate with it, so as thus to be joined to its whole and to imitate its circular motion — which likewise seems absurd, since that stone ought to remain beneath the air and at the center. Therefore the motion of the Earth, or of its parts, is not from within and natural.


[Margin: Response to argument 3.]



Galileo would nevertheless respond by denying the Antecedent; to whose proof he will say that the principle of this motion is natural and from within, and that it is not repugnant that the same be the principle of a motion really circular and apparently rectilinear — because through it [that principle] the eye too is carried round circularly, and accordingly cannot see the motion except always in the same straight line. Next, if the Terraqueous globe were annihilated, it is uncertain what miracle would occur in the rest of the elementary sphere, this miracle [of annihilation] being posited; perhaps, however, either the hail and rain would descend together with the rarefied air to fill the vacuum, or would really go round in a circle about the place in which the Earth's globe had been; or, because they would not know that the Earth had been annihilated, would descend (just as now) all the way to that center which had previously been the Earth's center. Finally, the rock would remain at the Earth's center, because that is the center of Heavy [bodies], around which (or toward which) they tend, so as thus to be united to their whole — yet so that, if not impeded, they tend thither where all the parts of the globe conspire to arrange themselves equally around it. That stone, nevertheless, would be turned about its own and the Earth's center.

IV. Argument, from the Perversion of straight terrestrial motion (held as quasi-violent) and of circular motion (as natural)


[Margin: 4th Argument, from Scheiner.]



[V.] Scheiner's third argument, on that page 35, is of this kind: The Copernican motion of the Earth makes the straight motion accidental to heavy bodies, and quasi-violent; whereas [it makes] the circular [motion] necessary and natural; it gives to things most diverse in nature one nature of moving: it spontaneously calls forth the stone upward from the earth's center; the same [stone it]…


[…continues on p. 438 (PDF 473) with the catchword "deci-" (deci-dere, "to fall down") — completing Scheiner's third Enthymeme and its Copernican answer.]





(printed p. 438 — within Chapter XXIV: Scheiner's third Enthymeme (that the Copernican view perverts straight motion into the quasi-violent and circular into the natural) is finished and answered. Then Scheiner's eleven little Questions about the principle of the Earth's motion — its internal or external cause, why west-to-east only, why speeds vary with latitude, what becomes of straight motion — are dissolved one by one from Galileo's hypothesis.)
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…[the same stone] — lest it fall down from the vault — it suspends by the sole love with which it desires to consort with its whole, etc. All which things are contrary to reason and experience. Therefore the motion of the earth is not to be admitted.

[Margin: Response.]



It is responded by denying the Major as to the notion of violence in the apparent straight motion; for this too is natural — though secondarily — because it befits a body [that is] out of order and tending toward its place, whereas the circular [motion] befits a body already set in its place. But as to a rock suspended outside the earth's center, in a terrestrial vault above the air spread around the earth's center (such that no other terrestrial body were at the center), the Major holds, according to what was said about the terminus toward which of the motion of heavy bodies, in argument 4 of chapter 20, no. 12; for the rock could not be torn from its whole except violently, since at the center there would be no [physical] account of the whole. But what the Copernicans try to answer has been said in the same place.


[Sub-head:] To the many Interrogations and little Questions of Scheiner concerning the principle of this motion, satisfaction is made on this occasion from the hypothesis of the Copernicans, especially of Galileo.

[Margin: 1st Question.]



[VI.] This circular motion of heavy and light bodies — from what principle is it? internal or external? If from an external one: does God excite it by a continual miracle? or is it an Angel? or the Air? — and this [the air] indeed many assign. But against [it] it is, etc.


[Margin: Response.]



It is responded that it is from an internal [principle], and much less from the Air — since the Air itself too is carried in a gyre together with the globe of Earth and Water.


[Margin: 2nd Question.]



If the supreme part of the Air is not moved with the Earth's diurnal motion, but is exempt from it, how then would heavy bodies let go through it be carried round in a circle?


[Margin: Response.]



It is responded, first, that this experiment has not yet been made by anyone — whether heavy bodies let go through the supreme region of the air would be moved in the same way as [those] let go through our [lower] air. Secondly, that heavy bodies are not carried in a gyre from without, but by an intrinsic force of following and imitating the motion of their primary globe.


[Margin: 3rd Question.]



If this circular motion is from an internal Principle, this principle is either an accident or a substance. If the first — of what kind is it? For no locomotive quality [for moving] in a circle has hitherto seemed to be recognized. And even if there were [such], how would it be found in things so contrary? In fire as in water? in air as in earth? in living things as in those lacking a soul?


[Margin: Response.]



It is responded that it is an accident, whose effect we cannot recognize through the senses, because we too are moved together with the Earth; but if we were outside the elementary world, we would see this circular motion. Furthermore, to things diverse and contrary, contrary motions do not belong — that is, to light bodies the downward motion does not belong, nor to heavy bodies the upward — just as neither do those [motions] which depend on a soul [belong] to inanimate things. But those motions which are not contrary but common — of which kind is circular motion (which, even on Aristotle's testimony, can be mixed with the straight) — can belong to diverse and contrary natures; just as the downward motion belongs to innumerable bodies diverse in species.


[Margin: 4th Question.]



If the Earth stood still by the will of God, would the rest [of the bodies] be rotated, or not? If [they would], it is false that [a body] gyrates by nature; if [they would not], the previous questions return. And surely it would be wondrous that the Seagull could not — even willing — hover over the little fish, the Lark over its little nest, the Crow over the snail and the rock.


[Margin: Response.]



It is responded, first, that it is uncertain what God would will these [bodies] to be, if he perpetrated that miracle. Secondly, that if no other miracle were made than in stopping the earth, the rest of the bodies cognate to the earth — but accustomed to be driven by a blind impetus, and accordingly neither understanding nor feeling the privation of motion made in the Earth — would proceed in their motions; and that those animals could not then hover over the said bodies, because these [bodies] are supposed to be inhibited [stopped] with the Earth, while [the animals] themselves would be carried in a gyre by natural necessity, not impeded by God. Thirdly, just as, if the Earth (which Scheiner posits to stand still) — while the Seagull, the Lark, etc. hovered over the said bodies and were moved by no proper motion — were meanwhile, together with the adhering bodies, at once snatched elsewhere by a divine miracle, they [the birds] could not at all hover over them; so neither could they [hover], on Copernicus's hypothesis, if the Earth be stopped by a miracle and this miracle be not made in them, but their natural principle be permitted to move them in a gyre.


[Margin: 5th Question.]



How does it come about that those things, so various, are moved only from West to East, parallel to the Equator? so that they are always moved and never rest?


[Margin: Response.]



It is responded that these [things] come about exactly as, on the opposite and Ptolemaic hypothesis, the Fixed stars are moved from East to West, describing lines parallel to the Equator as regards the diurnal motion — and that without ceasing.


[Margin: 6th Question. Response.]



Why are the higher [bodies moved] more swiftly, the lower more slowly? It is responded: because, by the common law of circles described from the same center, if all revolve in the same time, the parts more remote from the center are carried through greater circles, and so are swifter, since in the same time they accomplish a greater space. But this seems to assign a Geometric reason rather than a physical one.


[Margin: 7th Question. Response.]



Why are those nearer the Equinoctial carried in a greater circle, those more remote in a smaller? It is responded that this comes about in the [same] manner in which, on the contrary hypothesis, the Stars nearer the Equinoctial are moved in greater circles than the more remote; and they would do this even if they were moved by themselves, and not [in subjection] to the motion of the eighth sphere, so as to preserve the laws and proportion of the diurnal revolution. But the stars have this from an Intelligence, or from their own nature (a natural motion being supposed, by which they transfer themselves to such a position of the sphere); whereas heavy bodies do not have this from their own nature, so as to require to be now above one parallel, now above another. And therefore the Response does not satisfy quite equally.


[Margin: 8th Question.]



Why would the same ball, under the Equinoctial, be turned wholly about the earth's center in a maximum circuit, with incredible speed; but under the pole [be turned] about its own center, with no gyration, with supreme slowness? For in the same time it would accomplish far less space in its descent over the poles along a straight line, than if it descended in the plane of the Equator.


[Margin: Response.]



Galileo responds (Italian page 236, Latin 178) that this comes about in imitation of the Fixed [stars], which would do the same if the diurnal motion were attributed to them, and one star placed at the Equator were compared with a star fixed at the pole of the Equator. So, then, the ball — because it imitates the motion of its primary globe — if placed at the Equator, is carried in a gyre like the terrestrial Equator; if over the poles, it is not carried in a gyre, just as neither [is] the pole, which is supposed immobile as regards the diurnal motion.


[Margin: 9th Question.]



Why does the same thing — a leaden ball, for example — if it once went around the earth by a described maximum circle at the Equator, not migrate around [in] that same maximum circle wherever it is placed, but, transferred outside the Equinoctial, is driven in smaller circles?


[Margin: Response.]



It is responded that the same happens to this [ball], as regards the diurnal gyration, as would happen — indeed, according to Ptolemy, already happens — to the fixed stars, which once moved at the Equator, afterward in parallels to the Equator. But see the response to Question 7.


[Margin: 10th Question.]



If the circular carrying is natural to heavy and light bodies, what is that [carrying] which takes place along a straight line? For if [the straight is] natural, how is also the circular motion natural, since it differs in species from the straight? If [the straight is] violent, how does it come about that a fiery missile flying upward raises its sparkling head from the earth, but is not revolved in a circle — since the upward motion is lesser and violent, [while] the circular is more vehement and natural? Why do falling thunderbolts not draw their tail according to the rule of the circular motion (natural to them), but rather according to the lead of the violent? — so that they extend it upward.


[Margin: Response.]



Galileo responds that it has been said six hundred times that this circular motion is natural and per se primarily intended, but the straight — or rather [the motion] mixed of straight and circular — [is] natural on the supposition that the bodies are out of order and outside their place. Furthermore, that we do not notice a circular motion of this kind, because it is common to us.


[Margin: 11th Question.]



Why does the center of a fallen sphere, under the Equator, describe a spiral in its plane? under the other parallels, a spiral on a cone? under the pole, a straight line congruent to the axis — [the ball] itself, with its extreme point, running down a gyral line designated on a cylindrical surface?


[Margin: Response.]



Galileo responds that this comes about because heavy bodies descend along lines drawn from the center to the circumference of the sphere; but lines of this kind, the earth being moved by the force of the diurnal whirling, at the Equator designate a circle; while those which terminate in the parallels describe conic surfaces; and the axis…


[…continues on p. 439 (PDF 474) with the catchword "autem" (axis autem ipse nihil describit) — "…but the axis itself describes nothing, but remains in itself," completing the answer; whereupon Galileo concludes that nothing in Scheiner's little questions weighs against the Earth's motion, and Chapter XXIV ends.]





(printed p. 439 — Chapter XXIV closes: the eleventh Question's answer finishes and Galileo concludes that nothing in Scheiner's interrogations weighs against the Earth's motion. Then Chapter XXV opens, proposing eleven arguments against the annual motion alone, drawn from the place due to the Earth in the World: after a roster of authorities and Buchanan's verse on the Pythagorean central Fire, Riccioli begins transcribing and explaining Aristotle's De Caelo II.13 (texts 72–75) against the Pythagoreans.)
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…but the axis itself describes nothing, but remains in itself. Galileo therefore concludes (Latin page 179, Italian 237) that from all these little interrogations of Scheiner he can gather nothing which has any weight against the motion of the Earth — and rightly; for Scheiner, had he looked more deeply into the Copernican hypothesis, could have answered himself, and accordingly abstained from many (if not from all) little questions of this kind.




Chapter XXV, Eleven Arguments are proposed and dissolved against the Annual motion of the Earth *alone*; and first those which Aristotle and his followers in this [matter] took from the place due to the Earth in the World — its nature being considered, and the place and motion due to Heavy and Light bodies. And select Texts of Aristotle bearing on this are collected, with little explanations where there is need.

[I.] Up to now [we have spoken] of the arguments which militate against the Earth's diurnal motion alone, or against the diurnal and annual together; but henceforth [we treat] of those which, against the annual alone, could be devised either by others or by us. First there present themselves the arguments of the Peripatetics and of many others, derived from the nature of heavy and light bodies, and from that motion of theirs by which they require a right [proper] seat in the universe. These [arguments], in particular, Aristotle hurled against certain Pythagoreans (bk. 2 of the Heaven, chs. 12 & 13); [likewise] Ptolemy (bk. 1 of the Almagest, ch. 7); Alfraganus (difference 4); Cleomedes (bk. 1 of the Cyclic Theory, ch. 9); Albertus Magnus (bk. 2 On the Heaven and World, tr. 1, ch. 7, and On the Nature of Place, tr. 1, ch. 3); John of Sacrobosco (in the Sphere, ch. 1, and there Clavius, p. 135); Pierre d'Ailly (q. 3 on the Sphere); Maurolyco (Dialogue 1 of the Cosmography, p. 10); Barozzi (bk. 1 of the Cosmography, p. 35); Blancanus (in the Sphere, bk. 4, ch. 1); Scheiner (in the Mathematical Disquisitions, p. 35); Fortunio Liceti (in the disputations On the single center of motion); Giovanni Elefantuzio (On the structure of the whole orb); Scipione Chiaramonti (bk. 12 On the Universe, throughout); and — lest we neglect the Poets — George Buchanan (bk. 1 of the Sphere), where he first describes the opinion of the Pythagoreans who dwelt at Tarentum and Croton, and who said that Fire is in the middle of the universe, and that around it the Earth, with another opposite Earth, revolves — in these verses:


[Margin: Buchanan's verses on the Situation of Fire and Earth in the Universe.]

Nor lighter was their error, in the placing of the earth and the wave —
the error of those same Sages who inhabited the lofty walls of Croton,
and Lacedaemonian Tarentum: since nature encloses in the whole body
nothing purer or better than the living seed of flame, etc.
To this, therefore, by far the most worthy seat seemed [to be]
the secret inmost-chamber of the orb, and the middle recess,
whence, from the sacred shrine, it might pour itself forth into all the parts —
as (if it is right to compare great things with small)
the HEART, the fount of blood and of life, which quickens the sluggish limbs
in all living things, scatters from the cavern of the breast
the vital heat through the other members.
Next after the fire is the Earth situated by them; nor yet did they set
this down as one [alone], but for this [Earth] too a Counter-earth,
opposite, they made to roll eternal gyres around the fire.



Which premised, he at once rejects them, saying:


Perceive how far these things recede from the true reason:
For, since for heavy bodies there is one force of moving of their own accord,
so that they flee the convexities of heaven, and flow down
into the middle center of the world — [it follows] that the Earth, lowest, settles
of its own accord, and, by the middle station of the world, it must needs be
that, balanced on the empty air, it shape itself into an orb.



[II.] These [arguments] are taken chiefly from Aristotle (bk. 2 On the Heaven, chs. 12 & 13), as we shall soon see. Now Aristotle's arguments — because they are lightly touched by some, and by certain [authors] even adduced with too little fidelity, or weakened — their force is not to be dissembled by us, but to be exerted whole, as great as it is; nor is the text either of itself always so clear, or so clearly translated from Greek into the Latin tongue, that it may not seem to some [to be] obscure. It will be worth the trouble to transcribe here his select texts which bear on this matter, with a very brief paraphrase where there is need, that from them we may draw out the thread of the Peripatetic doctrine, and the force of the arguments, as a kernel from the husk.


[Margin: Aristotle's select texts bearing on this controversy. — On the Heaven, bk. 2, text 72.]



And so Aristotle (bk. 2 On the Heaven, ch. 12, text 72) proposes the questions to be treated in that and the following chapters, saying: It remains to speak of the Earth — where it is placed, and whether it is among those [things] which are at rest or among those which are moved, and concerning its figure. And a little later he says: Since most [people], who say that the whole heaven is finite, place [the Earth] lying in the middle, those who dwell about Italy — and are called Pythagoreans — say the contrary: for they say that in the middle is Fire; and that the Earth is one of the stars, and, carried in a circle around the middle, makes night and day. That is, [they hold] that it is so carried, by the annual motion, around the center of the universe, that nevertheless it also, by the diurnal whirling, makes the vicissitudes of night and day. He continues in the same text, and relates of the same [Pythagoreans]:


[Margin: Text 73.]



Moreover, they fashion another earth, opposite to this one, which they call by the name Counter-earth [Antichthon] — not seeking the cause from those [things] which appear to sense, but rather striving to drag the appearances over to certain opinions and reasonings of their own, and attempting to dress these up — that is, with the colors of certain plausibilities. For he subjoins (text 73), as if divining the things which were later to be fashioned by the Copernicans: To many others, too, it will seem that one ought not to assign the middle to the Earth — taking their argument not from the things which appear, but rather from reasonings. For they think that to the most honorable [thing] the most honorable region is owed; and that Fire is more honorable than Earth, and that the Boundary [belongs] to the intermediate parts, and that the Extreme and the center have the character of a Boundary. Wherefore, reasoning from this, they judge that the Earth is not situated in the middle of the sphere, but rather the Fire. Moreover, the Pythagoreans add this reason too: that it is most fitting that that which is the most principal [thing] of the universe be preserved [guarded]; and that the middle of the world is most apt for that — which accordingly they name the Prison of Jupiter — and therefore that this region befits the Fire.

But the Copernicans understood, for this most honorable and most principal Fire, the Sun itself. And at once the Philosopher, in text 74, twice carps at the Pythagoreans and the rest [who] thus hold: First, that they use an equivocation, and confound the middle of magnitude (such as is the center of the sphere and of the world) with the middle of the thing and of nature, which is not always the same, as is clear in animals; for the middle of the animal and the middle of the body are not the same in them. For whether the brain is the chief part of the animal (in which the soul exercises the common sensations), or the heart (in which is the principle of the vital operations), neither is at the middle of the bodily magnitude, or of the organic body; and in us, indeed, the heart is much nearer to the head than to the feet — which example Aristotle does not express, but it is enough for him to have indicated this. Secondly, between the two extremes of the sphere — namely the center and the surface — he says that the surface is more honorable, because this has the character of an end and of a container, while that [the center has the character] of [something] finite, or bounded and contained by another. Which explanation premised, you will better understand the words of text 74, which are as follows:


[Margin: Text 74.]

As though the middle were [meant] simply — that is, said in one single way — and the middle of magnitude were the same as the middle of the thing and of nature; whereas, just as in living creatures the middle of the animal and [the middle] of the body are not the same, so, and much more, must it be judged concerning the whole heaven and world. For this cause, therefore, it was not fitting that they be disturbed about the places of the universe, nor bring that guard — namely of Jupiter — to the center, but [rather] to seek what kind of thing the middle of the thing is, and where by its nature it is apt to be. For a middle of this kind is a principle, and more honorable. But the middle of place is likened to the extreme rather than to the principle; for the middle of place is that which is determined [bounded], and that which determines is an end; and the end and container is more honorable than the finite [bounded]; for this [the bounded] is matter, but that [the end] is the substance of the constitution itself.



And after these things, in text 75, he hints at the opinion…


[…continues on p. 440 (PDF 475) with the catchword "nio-" (opi-nio-nem) — Aristotle's text 75, hinting at the opinion [of those who place the Earth elsewhere than the center], the next of the select texts.]





(printed p. 440 — within Chapter XXV: Riccioli's running transcription of Aristotle's De Caelo II.13 continues — the remaining ancient opinions on the Earth's place and rest (Xenophanes, Thales, Anaximenes, Empedocles, Anaximander) with Aristotle's counters, then Aristotle's own arguments that a moving Earth's motion would be violent and that heavy bodies fall to the universe's middle (where Galileo and Kepler note he assumes what is in question), concluding that the Earth is necessarily central and immovable.)




[Header: BOOK IX. SECTION IV.]

[Margin: Text 75.]



…[he hints at the opi]nions of certain [men] about the motion of the earth; and among other things, those words are worthy of note: Whoever indeed deny that the earth is situated in the middle say that it is moved circularly around the middle — and not only this [earth], but the Counter-earth too. And a little later he says that some, from the fact that to us — observing the celestial phenomena from the earth's surface — no notable difference appears (although we are distant from the Earth's center by a whole semidiameter), reckoned that all things could appear to us just the same whether the Earth be in the middle of the Universe or not. For this is the sense of those words: Since the Earth is not the center, but is distant from the center by its whole [hemisphere's] semidiameter, they think nothing hinders the Phenomena from happening in the same way if we did not dwell at the center of the world, as [they would] if the Earth were at the middle of the world; for nothing notable now happens to us, [we being] distant from the center by half a diameter.

He finally closes text 75 by relating the opinion of Plato (or of the Timaeus), about the Earth at the center of the world but rolled round by a whirling about its own center and an unmoved axis: But some say that it [the Earth], even lying at the center, is turned, and moved about the ever-unmoved pole, as is written in the Timaeus — that is, about the pole of the axis of the terrestrial Equator. Further (text 76) he proposes opinions about the figure of the Earth; and (text 77) he brings forward a most weighty question, worthy of our understanding, saying:


[Margin: Texts 76 & 77.]

For perhaps it would be [the mark] of a rather irrational mind not to wonder how it is that a small particle of earth, if raised up and let go, is borne downward and will not rest (and the greater part is always borne more swiftly), yet the whole earth, if one should imagine it raised up and then let go, would not be borne downward, but, being of so great a gravity as it is, would rest? Again, if someone, having taken its particles before they fall, were to take away the whole earth, those [particles] would nevertheless be borne downward, nothing resisting.



He says (text 78) that from these doubts various solutions arose: that Xenophanes of Colophon indeed said the whole Earth is not borne downward because it has an infinite root below, by which it is sustained; but that Thales of Miletus said it floats on the waters — whom he carps at (text 79), as though the water itself did not also need some [other] body to sustain it, and as though the whole earth, being heavier, ought not to descend through the water (since any part of the earth, let go, descends through water).


[Margin: Text 80. Aristotle's admonition on philosophizing rightly.]



Whence (text 80) he observes that some philosophize only so far as to satisfy themselves, and to acquiesce in the reasons first occurring, so long as they have nothing to say against them. But he warns that one philosophizing rightly ought to be otherwise disposed, subjoining that golden admonition: Wherefore, in order to inquire well, one must be fit to raise objections through the objections proper to each genus; and this arises from having contemplated all the differences.


[Margin: Texts 81, 82, etc. — From texts 86 to 89.]



Soon (text 81) he relates the opinion of Anaximenes, Anaxagoras, and Democritus, who attributed a broad [flat] figure to the Earth, so that it could not be borne downward; whom he attacks from text 82 to 85. In which text he relates Empedocles saying that the Earth is not borne downward because it is prevented by the most rapid conversion of the heaven — just as water in a bowl swiftly whirled round cannot fall up or down. Against whom he urges many [objections] from text 86 to 89; where this is to be noted: But is the heavy and the light determined even by the whirling? Rather, the heavy and light existing first, the former come to the middle, while the latter rise above [it], on account of the motion.


[Margin: Text 90.]



Next (text 90) he relates the opinion of Anaximander, saying that the whole Earth is not moved, because, since it is in the middle, there is no reason why it should be borne more into one part than another — in that all the regions of the world are, for the whole earth, under one account downward, under another upward, and so none is more upward than downward.


[Margin: Text 91.]



Which (text 91) he says is wittily, but not truly, said; otherwise whatever body were once placed at the middle of the world — whether earth, fire, air, or water — would there rest perpetually; for the reason adduced by Anaximander is not proper to the Earth itself. And besides, the reason ought to have been rendered why the parts of the earth are borne to the middle. Therefore (text 92) he says:


[Margin: Text 92.]

For it seems not only to remain at the middle, but also to be borne to the middle; for whither any particle of it is borne, thither the whole too must necessarily be borne; and where anything is borne according to nature, there too it must necessarily remain according to nature.

[Margin: Text 93.]



Besides this (text 93) he says it is absurd to ask why the Earth remains at the middle, and not to ask why fire remains at the extreme; for if to those [light bodies] by their nature the extreme place befits, it is manifestly necessary that to the Earth too some place should befit by nature. The rest, with which he acutely presses Anaximander, may be read in texts 94 & 95, by which chapter 12 is concluded.


[Margin: ¶III — On the Heaven, text 96.]



[III.] But in chapter 13, Aristotle (texts 96 & 97) first determines whether the Earth is moved, and tries to show that it is not moved — in the prior text 96 from the nature of the whole Earth, which however he investigates from the motion of the [earth's] parts. And so he begins thus (text 96): But let us first say whether it has motion or remains [at rest]. For, as we said, some make it one of the stars; others, placing it in the middle, say that it is turned and moved about its own middle and pole. But that this is impossible we shall try to make manifest, making a beginning from this first argument: that if the earth — whether existing in the middle or outside the middle — is moved, it is necessary that it be moved violently by a motion of this kind; for [such a motion] does not befit the earth itself by nature, otherwise each one of [its] particles would have this carrying; but now all are borne in a straight line to the middle. Accordingly, since this motion is violent and beside nature, it is not possible that it be everlasting; but the order of the World is everlasting.


[Margin: Text 97.]



Afterward (text 97) he subjoins an argument a posteriori, from the twofold motion of the Planets — which, he says, ought to befit the Earth too, if it were moved — and yet that [twofold motion] cannot be in the Earth while the phenomena are saved; but this argument pertains to chapter 26.


[Margin: Text 98.]



He proceeds next to other arguments from the motion of heavy bodies to the center of the Universe, and (text 98) says: Moreover, the carrying of the parts, and of the whole itself, according to nature, is to the middle of the universe; for this reason it [the earth] is placed, and exists even now, at its [the universe's] center. Which, in order to prove, needed the solution of two questions: the first, whether heavy bodies are borne to the center of the Earth; the other, whether they are borne to the center of the Earth qua center of the Earth, or qua it is the same in subject and in reality with the center of the Universe. This latter he solves first, saying (text 99):


[Margin: Text 99.]

But someone might doubt: since the middle of both is the same, to which [center] are [things] which have gravity, and the parts of the earth, borne according to nature — to the center (or middle) of the Earth, as it is the middle of the Earth, or as it is the middle of the Universe? Accordingly I say it is necessary that they be borne to that which is the middle of the Universe; for fire and all light things whatever, which are borne into the parts contrary to those toward which heavy things tend, are borne to the middle of the place of the outermost container — that is, toward the supreme surface of the heaven, which is the universal place — but it happens that the same is the middle of the Earth and of the universe at once; for they are borne also to the Earth's middle, but according to accident, inasmuch as it [the Earth] has its own middle at the middle of the Universe.



By which two texts, indeed, it seemed to Galileo and Kepler that Aristotle assumed what is in question — namely that the center of the Earth and of the universe is the same; concerning which [more] afterward. Meanwhile the Philosopher easily solves the second question (text 100), saying:


[Margin: Text 100.]

But that they are borne also to the Earth's middle, the sign is that weights carried to this [earth] are borne along lines not equidistant [parallel], but at similar angles; wherefore all are borne to one middle, which indeed is the middle of the Earth.



Or, as Ptolemy discusses (bk. 1, ch. 7), all weights fall perpendicularly onto the Earth's surface, and everywhere make right angles on both sides with the Tangent to the Earth's globe at the point above which they are let go; whence it comes about that the lines of all plumb-lines, and of walls erected to the perpendicular, meet at the center of the Earth. From what was now said in texts 98, 99, and 100, Aristotle concludes (text 101) thus:


[Margin: Text 101.]

It is manifest, therefore, that the Earth must necessarily be situated at the middle of the Universe, and immovable.



But because someone could object that, from the said propositions (if conceded), it follows only that the earth is not moved by the motion of translation [revolution], but not that it is not moved by the motion of whirling about the unmoved center of itself and of the universe — he subjoins, in the same text 101: And on account of the said causes, and because weights which are violently thrown upward are borne back to the perpendicular into the same [spot], even if that force should throw [them] to infinity. That [the earth], therefore, neither moves nor lies outside the middle, is manifest from these things. Hence, a regress being made, from the natural rest of the earth he gathers that the motion of heavy bodies and of the parts of the Earth, receding from the middle, is violent; and thence concludes that much more is the motion of the whole earth, receding from the middle, violent. And so (text 102) he discusses thus:


[Margin: Text 102.]

Besides this, the cause of [the earth's] rest is manifest from what has been said. For if the ear[th]…

[…continues on p. 441 (PDF 476) with the catchword "si tel-" (si tel-lus) — "…if the earth, by its own nature, is born to be carried on all sides to the middle," completing Aristotle's text 102.]





(printed p. 441 — within Chapter XXV: Aristotle's De Caelo II.13 is finished (no particle, hence not the whole Earth, naturally recedes from the middle), and Riccioli begins an epitome of De Caelo Book 4 on gravity and levity — the definitions of up and down, simply and comparatively heavy and light, the critiques of the Platonists and the atomists, and the axiom that each body is carried to its own place qua place, with the thought-experiment that an Earth set at the Moon's place would not draw falling bodies to itself.)




[Header: DE SYSTEMATE TERRÆ MOTÆ — 441]



…if the earth, by its own nature, is born to be carried on all sides to the middle, just as fire too seems [to be carried] from the middle to the extreme — that is, to be carried by its own nature: It is impossible that the motion of any particle of it, by which it recedes from the middle, not be violent; for there is one carrying of one [thing], and it is simple for a simple body, and not contrary [to itself] — that is, to one simple body, of which kind is the Earth, two contrary carryings do not naturally belong; and that which is from the middle is contrary to that which is to the middle. Therefore, if it is impossible for any particle of earth to recede from the middle — understand: naturally — it is manifest that it is still impossible for the whole Earth too to recede from the middle of the universe; for to that toward which the part is born to be carried, the whole too is born to be carried thither. Wherefore, if it is impossible for it to be moved except by a stronger power, it is necessarily [fixed] at the very middle.


[Margin: Text 103.]



Finally (text 103) he confirms this situation of the Earth by another argument, from the celestial Phenomena, which happen as if the Earth were in the middle; but these, like text 97, pertain to the arguments to be proposed in chapter 26. And he concludes chapter 13 with his usual recapitulation: Concerning [its] place, then, and rest and motion, how they stand — so much has been said about the Earth itself. For in chapter 14 he treats of the Figure of the Earth; which finished, he finishes book 2 On the Heaven. But in book 3 he treats of the Generation, number, and difference of the Elements; and in book 4 he treats of Gravity and Levity, and which [qualities], and in what degree, belong to the individual elements. This doctrine, because it is very useful for better understanding Aristotle's arguments for the Earth's place, will be reduced by us into a very brief compendium, those things being selected which are most pertinent here.


[Sub-head:] Selected [Texts], as if into an Epitome, from Book 4 On the Heaven.

[Margin: Texts 1 & 2.]



[IV.] And so, in text 1 of book 4 On the Heaven, he says he will treat of the Heavy and the Light — what each is, what their nature is, and why they have these powers; and in text 2 he supposes that the Heavy and Light can in some way be moved naturally, but observes that no name has been imposed on their act, unless one think that propensity or inclination to motion is a name suiting it; and that Heavy and Light bodies have in themselves, as it were, incitements to motion; and that all authors use their powers (namely gravity and levity), yet few have determined about them.


[Margin: Text 3.]



And (text 3) that the Ancients discussed only that which is lighter or heavier than another (as bronze [is heavier] than wood) — that is, the light and heavy comparatively — but not that which is simply and absolutely heavy or light.


[Margin: Text 4. The difference of up and down established.]



Now let the words of text 4 be noted: For these — that is, the Light — are always born to be carried from the middle; but those always to the middle — that is, the Heavy. And of these, that which is carried from the middle we say is carried upward; but downward, that which [is carried] to the middle. For it is absurd not to judge that in the heaven — that is, in the World, which he often names thus from its better part — there is something which is upward, and another which is downward; as some think. For they say that there is not one [thing] up and another down, if [the world] is similar in every part, and anyone can walk all around with his feet opposite to himself [i.e. the Antipodes]. — Thus thought Timaeus, as Simplicius reports on this text. — But we say that the extreme of the Universe itself is upward, which is both upward according to position, and first by nature.


[Margin: Text 5, illustrated.]



But in text 5, from the fact that the heaven has not only an extreme but also a middle, he concludes that there is an up and a down — provided the heaven be everywhere spherical; otherwise, if only a single hemisphere were given, that which will be the middle in it will not have the character of the [proper] "down"; for then one of the extremes will be the earth itself, and the middle will be something between heaven and earth — and so it would not suffice to establish the difference of the downward situation, [namely] the account of the middle in the universe, unless the universe be spherical. By which paraphrase you will now understand this text (otherwise obscure to many), which is such: Since something of the heaven itself is the extreme and the middle, it is plain that there will be both an up and a down, as many also say — but not sufficiently. The cause of this is that they think the heaven is not everywhere similar, but [think] there is only a single hemisphere, which is above us. But those who reckon that it is such all around, and that the middle similarly behaves toward the universe, this indeed they will say is upward, but the middle downward. — So far, then, is it [from the truth] that, from the fact that the earth can be walked all around, and the feet can stand in a region opposite to themselves at different times (or that anyone can become his own Antipodes), the position of up and down should be abolished, that rather it is hereby established by Aristotle. Which established, he repeats (text 6) his definition or description, saying:


[Margin: Text 6.]

Simply Light, then, we call that which is carried upward, and to the extreme; but simply Heavy, that which [is carried] downward and to the middle. But Light relatively [to another], or Lighter, [is] that which, between two [bodies] equal in bulk, is by nature carried upward more swiftly than the other.



— Where the corrupted texts have "down" instead of "up."


[Margin: Text 8.]



These determined, in texts 8 and 9 he presses the Platonists, who in the Timaeus defined the Heavier to be that which consists of more [parts] of the same [kind], and the Lighter that which [consists] of fewer — just as a larger lead is heavier than a smaller, and bronze than bronze, and likewise of two other individuals of the same species; in which matter they would not have erred, had they defined only that which is heavier in an individual [comparatively]. But in this way, he says, the heavy and light taken simply are not determined. He subjoins: But in the same way they say that lead is heavier than wood —


[Margin: Text 9.]



— which he teaches (text 9) to be absurd: both because fire would be sometimes lighter, sometimes heavier, according as it consisted of more or fewer parts, and thus the simply Light would be abolished; and because a larger fire, being heavier, would be carried upward more slowly than a smaller — yet Fire is always light, and simply light, and the larger it is, the more swiftly it is carried upward.


[Margin: Text 10.]



But that he denies (text 10) the light to be that which consists of fewer, the heavier that which consists of more triangles — he alludes to Plato in the Timaeus, who attributes to Earth the Cube, to Water the Icosahedron, to Air the Octahedron, to Fire the Pyramid [tetrahedron], as Simplicius notes there.


[Margin: Text 11.]



Now in text 11 he reproves those who defined the Heavier from a multitude of planes or from greater bulk, as though bulks consisted of indivisible planes. But many things are heavier than others which yet are smaller in bulk, as bronze [is heavier] than wool.


[Margin: Texts 12 to 20.]



But because Leucippus and Democritus (as Simplicius reports here, comment 4) referred the cause of gravity to the solidity of atoms, and of levity to the interposition of void — he harasses them, from text 12 to 20, with many objections; but this is the principal one: that gold and earth could be given containing more void within themselves than some fire, and yet would not turn out lighter; and that the void is not moved, nor needs a place upward, since it is rather itself a place (if it be admitted to be given).


[Margin: Text 22.]



But in text 22 he assumes as an axiom that each of the natural bodies is naturally carried to its own place, and flees from the contrary place, inasmuch as [the place] is such [its proper place]: for just as in other changes a transit is made from one to the other contrary [which is] intended per se — as in Generation to form, in alteration to quality, in augmentation to quantity of substance — so in natural carrying it must be that the movable tends to its place, inasmuch as it is its own place. Wherefore he reproves some of the Ancients who said that Heavy and Light bodies are carried downward and upward because they are carried to what is similar to themselves; for although it is true that in the place to which they are carried there are things of similar nature (in the place to which earthy things are carried there is earth, and to which airy things there is air), nevertheless that which is the formal terminus of the local motion of Heavy and Light bodies is the place, inasmuch as such a place in the universe is suitable to them; which he confirms thus:


[Margin: Text 23.]

For if one should transpose the Earth to where the Moon now is, each of [its] parts would not be carried to it [the Earth], but to that place where it now also exists.



— Let the Copernicans note this, who say that heavy and light bodies are carried to their wholes not by reason of place, but on account of kinship in nature. Yet Aristotle concedes (text 23) that the intermediate elements are also carried, by another reason, toward what is similar to themselves — for water is similar to air, and air to fire; but this he denies of the extreme elements. And (text 24) he again teaches that this similarity is not the formal terminus of the local motion of heavy and light bodies, but the place itself, up and down, inasmuch as it is such; just as that which is curable, if it be changed qua curable, is moved to health, not to whiteness — even if whiteness were found conjoined with health.


[Margin: Text 24.]

But to ask, says the Philosopher, for what reason fire is carried upward, and earth downward, is the same as [to ask] for what reason the curable, if it be moved and changed inasmuch as it is curable, tends to health, and not to whiteness.

[…continues on p. 442 (PDF 477) with the catchword "mat" (confir-mat) — "Which doctrine he confirms…," carrying on the epitome of De Caelo Book 4.]





(printed p. 442 — within Chapter XXV: the De Caelo Book-4 epitome concludes (relative gravity and levity, media, and figures). Then the First Argument for the Earth's place at the center of the Universe is framed at full strength: the terminus toward which all heavy bodies naturally tend per se is the Earth's center, and that terminus is the center of the Universe — the Major proved from converging fall-lines, the Minor by an exclusive and an inclusive proof.)




[Header: BOOK IX. SECTION IV.]

[Margin: Text 25.]



…[he confir]ms [it] in text 25, because when air comes to be from water, three changes intervene: a Generation terminated at the substantial form; an alteration to the qualities; and immediately a carrying to a place higher than the water. Granted, then, that air is more similar to air than water is, nevertheless it is not for that reason carried to the air-region — because it is [made] similar; for this similarity consists in the quality which it has now acquired by the force of alteration. Therefore it ascends upward to such a place, inasmuch as this place is owed to the lighter [body]. He concludes, then, that each of these is carried to its own place, inasmuch as such a place is owed to them in the universe.

These subtly disputed, in texts 26 and 27 he defines the Heavy and Light, both simply and relatively [secundum quid], by this new formula:


[Margin: Texts 26 & 27.]

First, indeed, it is defined as it seems to all: the simply Heavy is that which subsides beneath all; but the Light, that which rises above all. And (text 27): But [there is] the relative heavy and light, in which both are present; for they rise above and subside beneath certain [things], as air and water; for neither of these is simply light or heavy, etc.

[Margin: Texts 28 & 29.]



And (text 28) he teaches that the cause of gravity and levity in compounds (or mixed [bodies]) is the greater or lesser participation in the qualities and differences of the elements. And at once (text 29) he brings forth his opinion about [things] participating in gravity, in these words: It happens, then, that the same things are not everywhere seen [to be] heavy and light, because of the difference of the primary [bodies]: for example, in air, wood of one talent will be heavier than lead of one pound, but in water lighter; and the cause is that all things have gravity except fire, and all [have] levity except earth, etc.


[Margin: Text 30.]



And (text 30): For in its own region everything has gravity except fire — even the air itself: of which the sign is that an inflated [wine-]skin draws more — namely, [pulls] downward the scale-pan or the hand sustaining it — than an empty one. And he concludes this text thus: Wherefore, if anything has more of air than of earth and water, in water indeed it happens to be lighter, but in air heavier; for to the air it does not rise above, but to the water it does rise above.


[Margin: Text 31.]



There follows text 31, in which, defining again, he says: But I call simply light that which is always born to be carried upward [when] not prevented, and heavy that which [is always born to be carried] downward. And he affirms that there are certain things which are simply light and have no gravity (against some who say all things have something of gravity);


[Margin: Text 32.]



and he proves this (text 32) from the fact that fire rises above all, and subsides beneath none of the elementary bodies — but it would subside, he says, if it had any gravity. (The adversaries, however, would say that it subsides beneath none because all things are heavier than fire.)


[Margin: Text 33.]



And (text 33) he confirms that there is a middle in the Universe, to which heavy bodies, and from which light bodies, are carried, because there is no motion downward to infinity; and he subjoins this confirmation: Next, fire seems to be carried upward at similar angles, but earth and everything which has gravity, downward. Wherefore it must necessarily be carried to the middle. But whether this happens, per accidens, to the middle of the Earth or to [that] of the Universe — since their center is the same — is another discourse.


[Margin: Text 34.]



But Aristotle pursues it, and proves the same proposition (that there is a Heavy and Light simply) from text 34, by two most congruent reasons: for if there is given both that which subsides beneath all and that which rises above all, and there is given a middle and an extreme in the universe to which certain bodies are carried simply — are not the Heavy and Light simply reasonably granted? I now pass over the following texts, because they do not make much for our matter, and come to text 39, in which I should wish these propositions, above the rest, noted:


[Margin: Text 39.]

If it [a body] be taken away [from below], it is carried into that which is next [below]: air indeed into the region of water, water into that which is earth; but upward, into the region which is fire's, the fire being taken away, air will not be carried, except by force — just as water is drawn upward by a contiguous higher surface, if one draw upward more swiftly than the water is carried downward; nor [is] water [carried] into that which is air's, except by force. And a little later: But just as neither is earth [carried] upward, so neither is fire carried downward when the air is taken away — understand: except by force, by something drawing [it] to fill a vacuum — for [fire] has no gravity in its own region, nor earth levity.



Texts 40 and 41 do not make for our matter; nor [do] the remaining four (that is, 42, 43, 44, and 45), in which last [texts], however, he teaches that the figures of bodies do not produce the Heavy and Light, and so are not motive downward or upward; but, motion being presupposed [as coming] from Gravity or Levity, that the figures contribute to a greater or lesser velocity.


[Header (right column): BOOK IX. SECTION IV.]



These [things] premised, we must proceed to the arguments.

I. Argument for the Earth's place at the center of the Universe


[V.] There is the center of the Earth where there is the terminus toward which all Heavy bodies naturally tend per se; but a terminus of this kind is the center of the Universe. Therefore the Earth is at the center of the Universe.



The Major is proved, because, on the one hand, the center of the Earth is there where there is the terminus toward which all Heavy bodies are carried — since, let go on all sides and from any place whatever, they are carried along straight lines not equidistant [parallel] among themselves, but meeting at one point, and so falling perpendicularly upon the convex surface of the Terraqueous globe (or making, with the straight line tangent to the terrestrial globe, right angles on both sides at the point of contact); and this happens everywhere on earth. And accordingly Aristotle (2nd On the Heaven, text 100) and Ptolemy (bk. 1 Almagest, ch. 7) rightly prove from this that all Heavy bodies are carried to one point, which within the Earth is equally distant from the convex surface of the terrestrial globe; and such a point is the center of the Earth. On the other hand, if not some [heavy bodies], nor [only] sometimes, but all heavy bodies and always are carried to one and the same terminus — and that naturally and from within — it follows that it is the terminus to which they are carried not per accidens but per se: therefore the center of the Earth really and in fact is that terminus, toward which all heavy bodies naturally tend per se.


[Margin: 1st proof of the Minor.]



The Minor is proved, first, by a proof exclusive [excluding] the center of the Earth: because even if the Earth were not where it is, but were annihilated or transferred elsewhere, the Water nevertheless — the Earth taken away — would descend into the place where the Earth had been; and if the Water were again taken away, Air would succeed, descending, into the place of the water, by a natural descent — as reason (leaning not indeed on these but on similar experiments), and Aristotle (4th On the Heaven, texts 22 & 39, already adduced above) teach. For we see that, the part of the earth on which the water lay being taken away, the water descends into the place where the part of earth was; and into the place where the water was, air descends. But the account of the whole element and of the part is the same, and the motion [is] of the same species, from the same principle, and to the same terminus — as the Philosopher taught more than once (especially 2nd On the Heaven, texts 96 & 102). Nor should you say that the air and water would then descend [merely] to fill the vacuum, and so not naturally but by force and by attraction; for both the water and the air itself have something of gravity (as Aristotle proved by the experiment of the [wine-]skin, 4th On the Heaven, text 30); therefore by the force of innate gravity, and not by attraction, they would run down to fill the vacuum, and at the same time to obtain the place owed to the heavier [body]. Therefore the center of heavy bodies would then not be the center of the Earth (as non-existent, or existing elsewhere): wherefore, if the center of Heavy bodies can be separated from the center of the Earth, the center of the Earth is not per se the terminus to which heavy bodies are carried per se (inasmuch as it is the Earth's center), but per accidens. Which proof Aristotle does not express, but nevertheless hands down implicitly in the said texts.


[Margin: 2nd proof of the Minor.]



Secondly, the Minor is proved by an inclusive proof, which is Aristotle's (2nd On the Heaven, text 99). For that is the terminus to which heavy bodies are carried per se which is the terminus from which, to the opposite terminus, light bodies are carried — since, along the same line (making similar angles everywhere), the former descend and the latter ascend, as is said there, and (4th On the Heaven, text 33), and is clear by experiment. But Light bodies are carried toward the extreme surface of the universal place which contains the middle of the world — that is, toward the extreme surface of the heaven — and indeed by a perpendicular ascent, and at angles similar (with respect to the celestial surface) to those which heavy bodies, in descending, make at the earth's surface (if we stand by the judgment of the senses, as we ought, so long as nothing is evidently or from a higher authority established to the contrary). Therefore the terminus from which light bodies recede is the middle, or center, of the world; and so it is the same as the terminus to which heavy bodies are carried per se. Thus it has pleased me to propose Aristotle's argument, so that its force might exert itself to the utmost. Yet two distinguished Copernicans, Galileo and Kepler, report it in other nearly equivalent words, answering it, however, otherwise.


[…continues on p. 443 (PDF 478) with the catchword "VI. Ga-" (VI. Ga-lilæus) — ¶VI, Galileo's threefold response to this argument.]





(printed p. 443 — within Chapter XXV: the responses to Argument I. Galileo's threefold reply (Aristotle presupposes the disputed identity of the Earth's and the World's centers, committing a paralogism; heavy bodies unite with their whole, not with an unattracting void center) is reported, then Kepler's answer that heavy and light are only comparative, in which Riccioli finds five faults. Riccioli's own response concedes the Major but denies the Minor: heavy bodies tend to the center of the elementary sphere, not to the World's center as such.)




[Header: DE SYSTEMATE TERRÆ MOTÆ — 443]

[Margin: The same argument proposed and solved by Galileo.]



[VI.] For Galileo (Dialogue 1, On the System of the World, Italian page 26, Latin 20) introduces Simplicius thus disputing with Salviato: In the second place, you call into doubt whether the parts of the Earth too are moved, as Aristotle affirms, to the center of the World — as though indeed he had not conclusively demonstrated this by [the argument from] contrary motions, when he argues in this manner: The motion of heavy bodies is contrary to the motion of light bodies. But the motion of light bodies, as it appears, tends directly upward — that is, toward the circumference of the World; therefore the motion of heavy bodies tends straight toward the center of the World; and it happens per accidens that it tends toward the center of the Earth, since those centers coincide by chance.


[Margin: 1st Solution of Galileo.]



From which argument I gather, from Galileo (in the same place), a threefold response. The first is that by which he implicitly denies the Minor of the argument proposed by Simplicius; because, although fire tends straight upward to a circumference greater than the terrestrial circumference (of which kind is the concave of the Lunar heaven, toward which Aristotle more than once concedes that Fire tends), yet it does not follow from this that that very [circumference] is the circumference of the Universe, or of the supreme heaven, or concentric with the World;


[Margin: Aristotle accused of a paralogism by Galileo, and defended by Chiaramonti — but not sufficiently.]



nor can this be affirmed, unless it be presupposed that the center, from which we see light bodies ascend, is the same as the center of the World — and so that the center of the terrestrial globe is the same as the center of the World. But this very thing is what we doubt, and concerning which Aristotle himself proposed the doubt (text 99 of the second On the Heaven): accordingly Galileo affirms that Aristotle, by supposing that which is in question, manifestly commits a paralogism. But Chiaramonti (bk. 12, On the Universe, ch. 22) defends Aristotle, saying that in that text 99 he did not intend to prove that heavy bodies are carried downward — for that he supposed from common sense and from a most-received axiom, [namely] that heavy bodies are carried downward to the lowest place of the world, and that this is the center of the universe — but that he intended to prove that heavy bodies are carried not to the center of the Earth per se (and inasmuch as it is the Earth's center), but inasmuch as it is the center of the World. But granted he did not wish to prove that heavy bodies tend downward, he nevertheless wished to prove that heavy bodies tend to the center of the universe, from the fact that they tend per se thither whence the light bodies recede by ascending straight upward; but he supposed this [terminus] to be the middle of the universe, because he supposed the circumference toward which [the light bodies] are carried to be the World's circumference; and that he should suppose this rather than [the circumference] of some other sphere eccentric to the world, had its origin from nowhere else than from a preconceived opinion — that the World's circumference was described from the center from which light bodies recede and toward which heavy bodies tend, that is, from the center of the Earth. Hence it is that, without other demonstration, he affirmed (2nd On the Heaven, text 98, and 4th On the Heaven, text 33) that the center of the Earth and the center of the Universe are the same. Wherefore, although Aristotle (2nd On the Heaven, text 101) concluded that the Earth is in the middle of the World, since nevertheless he did not prove it except by supposing that its center is the same as the center of the World, he seems to have supposed what was in controversy — and what he himself, a little before (text 73), had related to be denied by the Italian Pythagoreans.


[Margin: 2nd Solution of Galileo.]



Secondly, Galileo (in the same place, under the person of Sagredo): even if it were conceded that the circumference toward which fire tends straight is the circumference of the World, he denies nevertheless that it follows that heavy bodies descending along the same line tend to the center of the World — unless it be supposed that that line is produced all the way to the center of the World, and is wholly traversed by their descent. For from any point within a circle (even if it be very distant from the center) a straight line can be drawn toward the circumference, indeed produced up to the circumference itself, in which line an ascent and descent may take place without crossing, in the descent, the said [off-center] point, and accordingly without reaching the center.


[Margin: 3rd Solution.]



Thirdly, Galileo (on the following page, under the person of Salviati) denies that heavy bodies are carried per se to the center not of the Earth but of the Universe; for the center of the Universe is uncertain whether it exists, and where, on account of the infinity — or at least the vastness — of the world beyond what we see; and because nothing [the void], being destitute of all faculty, [cannot attract]; whereas the center of the Earth is certain, and to it heavy bodies are carried, that they may be united to their whole and may flee for refuge to their universal mother.


[Margin: The center of the World unfit to terminate per se the motion of Heavy bodies.]



Which objection — concerning the center of the World [being] unfit to move and attract by way of an end, or to terminate per se the motion of heavy bodies — Kepler too urges (bk. 1 of the Epitome of Copernican Astronomy, p. 95) and Gassendi (epistle 2, On impressed motion).


[Margin: The same argument proposed and solved by Kepler — but insufficiently.]



[VII.] Kepler, moreover (bk. 1 of the Epitome of Copernican Astronomy, p. 99), proposes Aristotle's argument thus: He proved, [did] Aristotle, that the motion of heavy bodies tends to the World's center, from the fact that the motion of light bodies is to the surface of the World — since the motions of heavy and light bodies tend to contrary regions. To which argument he subjoins a response, laboring under a greater fault than Aristotle's argument seems to labor under. For he says that heavy and light are not called [so] absolutely, but only comparatively; otherwise, if fire and smoke were absolutely light, they would fly off from the Earth all the way to the outermost heaven — whereas in fact clouds of smoke, having surpassed the lowest region of the air, rest hanging [suspended]; which is an argument, he says, that they do not per se by their own nature seek the World's extremes, or even flee from the earth's center, but are pressed by heavier [bodies], and yield to them — as one pan of a balance (though heavy) seeks the higher [position] because it is drawn [down] by the other heavier [pan]. Which said, he concludes: Therefore it is false that light bodies of themselves seek the higher [regions]; false that they seek the World's surface itself.


[Margin: Five faults in Kepler's solution.]



But this response errs in many ways. First, it is false that there is not something which is absolutely heavy or light; for that which per se subsides beneath all in the elementary sphere is absolutely heavy, and that which rises above all is absolutely light: but there is in the elementary sphere some body which per se subsides beneath all, and a body which rises above all. Secondly, it is false that, if there were something absolutely light, it would reach all the way to the outermost heaven; for it would suffice for it to reach above all the other elementary bodies heavier than itself, or less light. Thirdly, he falsely assumes clouds of smoke as an example of simply light things, since they retain something of watery gravity, and accordingly do not even reach the supreme region of the air, and are heavier than pure air. Fourthly, he falsely gathers, from the suspension of clouds, that neither these nor all light bodies are moved upward per se and from within, but are thrust out by the heavier, denser parts of the air; for we have, from elsewhere, arguments physically showing positive levity, and the motion of light bodies upward per se and from within, as we have taught elsewhere; and at least that thrusting-out ought not to be assumed as certain (for excluding the earth from the World's center), since it is more uncertain than this. Fifthly, finally, he falsely attributes to Aristotle that statement — namely, that light bodies seek the outermost surface of the World; for he only said that they tend toward the extreme surface of the World; nor does it follow, if someone say that he is going to sail toward Africa, that he wishes to arrive in Africa. Wherefore the first and second solutions of the Aristotelian argument adduced by Galileo (for concerning the third there will be a question below) are more solid than the Keplerian. Now we must respond to the same argument, but [as] proposed by us.


[Margin: Response. — Our [response] to Argument 1.]



[VIII.] I respond, then, to the 1st Argument proposed at number 5, the Major being conceded, by denying the Minor; and to its First proof it can be responded, on behalf of the Copernicans, that if the whole Earth were transferred elsewhere, all heavy bodies would be carried thither too — indeed, the whole elementary sphere would have to be transferred thither with the Earth, unless a new miracle were made in this. But the Earth being utterly taken away or annihilated, then the heaviest of the remaining elements would succeed into its place, and its center would now per se become the center of heavy bodies — not inasmuch as [it is the center] of Water, but inasmuch as [it is the] center of the body then heaviest in the World; or at least inasmuch as [it is the] center in which the heaviest body of all (namely the Earth) ought naturally to exist. But it does not follow from this that the Earth's center — at least when it exists — is not per se the terminus toward which [the motion] of all heavy bodies [tends], and from which [the motion] of all light bodies [tends]. Just as the outermost surface of the eighth sphere (being the supreme of the celestial [spheres]) is, for Aristotle, per se the universal place of all visible things — granted that, if it were destroyed and the Sphere of Saturn remained, this [Saturn's sphere] would now become the most universal place, and containing all.


[Margin: Response to the 2nd proof of the Minor.]



To the Second proof of the Minor I deny the Consequence; for granted it be conceded that light bodies, from wherever on earth, are carried along a line falling perpendicularly upon the outermost surface of the World, it does not follow from this that they are carried to that surface per se, but per accidens — inasmuch as that [surface] is exterior to, and concentric with, the sphere of the elements, to whose last surface light bodies tend per se. Wherefore, if light bodies per se tend to the last surface of the elementary sphere, per se they also recede from its center; and so heavy bodies per se are carried to the center of the elementary sphere — not inasmuch as it is the same with the center of the World, but inasmuch as [it is the center of] the elementary [sphere]…


[…continues on p. 444 (PDF 479) with the catchword "sphæ-" (elementaris sphæ-ræ) — "…of the elementary sphere," completing Riccioli's distinction between the center of the elementary sphere and the center of the World.]





(printed p. 444 — within Chapter XXV: Riccioli finishes his response to Argument I, then proposes and answers the Second Argument (from the perpendicular ascent of light bodies — conceded physically but denied under astronomical rigor, the Great Orb being point-like to the fixed stars), the Third (from the formal terminus of motion — a determined place need not be immovable), and the Fourth (why the whole Earth does not fall — Kepler and Gassendi deny the whole Earth is heavy, which Riccioli rebuts, since its parts have gravity even while adhering).)




[Header: BOOK IX. SECTION IV.]



…of the [elementary] sphere's center. But the Order of the Elements demands that the center of the elementary sphere be the center of the Earth first — by a certain priority of foundation and of nature — rather than [the center] of the other bodies. Therefore the terminus per se, to which heavy bodies and from which light bodies are carried, is, by a stronger reason, the center of the Earth as Earth, than the center of the universe as it is the center of the universe. Next, neither the Pythagoreans nor the Copernicans would concede that light bodies ascend, from wherever on earth, at right angles made on the surface of the last heaven in Geometrical rigor, but only sensibly — both because they say that the whole Great Orb (through which they carry round the Earth's center) is like a point in relation to the immense sphere of the Fixed [stars], and because the curved line, along which they say light bodies really ascend, is not perceived by us, [we being] carried along together with the Earth.

II. Argument for the Identity of the Earth's center with the center of the World, from the Perpendicular Ascent of Light bodies toward the last Heaven


[Margin: 2nd Argument. Form.]

[IX.] Any light bodies whatever, let go from any point of the convex surface of the terrestrial globe, ascend along a line not only straight, but also falling perpendicularly — both upon the convexity of the earth and upon the concave of the celestial hemisphere seen by us (or of the visible World). Therefore they ascend from the middle of the World. But the same middle whence they ascend is the middle of the Earth. Therefore the middle (or center) of the Earth and of the World are the same.

[Margin: Proof of the Major.]



About the Minor, Pythagoreans and Copernicans agree with the Peripatetics, nor do the experiments permit [us] to doubt it. The Antecedent of the Major is proved both by the authority of Aristotle (2nd On the Heaven, text 99, and 4th On the Heaven, text 33, taken together) and by the experiment of the eyes; for we see, wherever on earth we are placed, the whole hemisphere of the supreme heaven (or of the visible World), and [we see] light bodies ascend straight to it in such a way that the line of ascent — produced by imagination — makes equal angles on both sides: mixtilinear, indeed, with the circumference passing through our zenith; but rectilinear, nay even right [angles], with the other straight line conceived to touch the convex surface of the last heaven at that point on which the straight line of the light bodies' ascent falls. And the Consequence of the Major is proved, because it is impossible for a smaller sphere to be so inscribed within a greater that, from any point of the convexity of the smaller sphere (from which perpendiculars are drawn to the surface of the greater), the hemisphere of that same greater [sphere] can be seen — unless they are concentric; nay, unless the smaller be so small that the whole of it can be reckoned as the Physical center of the greater (which is easily clear from Geometry).


[Margin: Response to Argument 2.]



I respond: granted that the World is finite and spherical, and that what we see of it is reckoned by all as a hemisphere (for the common crowd — ignorant of the fallacies of sense and of Optics — reckons the upper parts of the World as a [vaulted] chamber, or a furnace's vault, depressed in the middle and nearer to us than its extremes lying upon the horizon) — these things being granted, I say, conceding the whole Major physically and optically (or as to the appearance to the senses): both because the distance of the supreme heaven is so great that not only the globe of the earth, but even the Great Orb (in which either the Sun or the Earth is carried) is like a point, and so [the eye] cannot discern any inequality of the said angles; and because, if our own senses be supposed transferred with the Earth, they cannot discern this common motion of heavy bodies (really made along a curved line), but are forced always to see those appearances in the same straight line. But I deny the Major as to Astronomical rigor, according to which it is now asked whether the Earth is at the World's center, or distant from it only by as much as the Sun is from it [the Earth]; for it can be so distant, the said phenomena being saved.

III. Argument, from the formal Terminus of the motion of Heavy and Light bodies


[Margin: 3rd Argument. Form.]

[X.] Gravity and Levity have been given to bodies by God and by Nature, so that, if they be outside their place, they may return to it — not that they may be joined to their wholes [which are] similar to themselves, but that they may tend to their proper place in the World inasmuch as it is a place, heavy bodies indeed downward, light bodies upward. Therefore they have their determined place in the World. Therefore the Earth and all Heavy bodies are carried to the center of the World, but Light bodies from the center of the World.



The Antecedent was proved most acutely by Aristotle (4th On the Heaven, texts 22, 23, & 24, related above). The first Consequence is proved, because the motion of heavy and light bodies as such is not spontaneous (as in animals), nor free (as in men), but is determined by nature; and so they are said to be moved by their generator — because he who generates them co-generates in them the principle determining them to one mode of operating and of moving themselves: therefore, if their local motion is determined, so too [is] the proper terminus, namely a place in the World. The second Consequence is proved, because every other place outside the center of the World is, with respect to heavy and light bodies, indeterminate by its nature and indifferent; for no reason appears why heavy bodies should tend to it rather than to another place in the World.


[Margin: Response to Argument 3.]



I respond: granting the antecedent (which, however, Copernicus, Gilbert, Kepler, and Galileo deny — maintaining that gravity and levity are nothing else than the inclination of the parts to tend toward the primary globes, or toward kindred and similar bodies), [I respond] by denying both the first Consequence — if by "determined place" be understood a fixed and immovable place — and the second; because if the Earth's center is naturally carried along the circumference of the Great Orb, any points of the circumference are determined, at their own moments of the year, to that office; and thence, at such a time of the year, is taken the reason why heavy bodies should tend to such a point in the World rather [than another].

IV. Argument, from the Denial of the Descent of the whole Earth downward


[Margin: 4th Argument. Formula.]

[XI.] If the center of the Earth is not at the center of the World, no suitable reason can be brought why the whole Earth is not carried either downward, or toward that quarter of the world toward which the parts of earth located outside it are carried; but [a reason] can [be brought] if it is at the center of the World. Therefore the center of the Earth is at the center of the World.



The Antecedent is proved, because all the other reasons which others have tried to adduce have been sufficiently refuted by Aristotle (2nd On the Heaven, ch. 12, from text 77); and otherwise there is no reason why the Earth should rest in one part of the World rather than another — [if] placed outside the center of the World — and not be carried whither the parts are carried; for (from 2nd On the Heaven, texts 96 & 102) whither the parts are by their nature carried, thither the whole too is born to be carried. On the contrary, if it is at the center of the World, it will be equidistant from every quarter of the World, and so there will be no reason why it should be carried into one rather than another, and accordingly it will stand there unmoved.


[Margin: Response of Kepler and Gassendi.]



Kepler (in the Epitome of Copernican Astronomy, bk. 1, p. 102) and Pierre Gassendi (Epistle 2, On impressed motion, p. 113) respond by denying the antecedent, [saying] that the cause is that the whole Earth, as a whole — and compacted from parts now united to itself — is not heavy, because there is nothing outside the earth which attracts it magnetically (says Kepler); or because, as Gassendi says, gravity is an affection not of the whole Earth, but of the parts torn away from it. For the globe of the earth, considered whole in itself, does not need a motion by which it may betake itself to its place — from which it never departs, since it itself is its own place. For this motion, he himself says, is unitive of the parts, and congregative of them into one; and so, both from the part inhabited by us and from the part of the Antipodes, and from everywhere, they conspire to the same [center]; but it is not congregative of the Earth with any other body.

But this response does not satisfy; because if by the name "gravity" is understood the gravitating itself, the question is precisely about this — why it does not gravitate toward a place designable outside itself; but if "gravity in first act" [the disposition] is understood, the parts do not acquire it from the separation itself, or from that which separates them from their whole — for often such a separating-agent is unfit for that, as fire hurling up the rocks of Vesuvius, or a cannon hurling a ball; therefore they are presupposed to have had [gravity] even when they adhered to the Earth. Wherefore the whole Earth, consisting of similar parts, has gravity; and rightly Aristotle (2nd On the Heaven, text 77): Perhaps it would be [the mark] of a rather irrational mind not to wonder how…


[…continues on p. 445 (PDF 480) with the catchword "modo" (quonam modo parua terra particula) — completing Aristotle's text 77, "…how a small particle of earth, if raised and let go, is borne down and will not rest, yet the whole Earth would rest."]





(printed p. 445 — within Chapter XXV: Argument IV's response concludes (with a critique of Chiaramonti's computation of the Earth's weight and a better second response), then Arguments V through VIII are proposed and answered: from the translation of the Earth to the Moon's place, from the lowest place owed to the heaviest body, from Aristotle's definitions of heavy and light — each resolved by referring the terminus to the elementary sphere's center rather than the World's — and from the destruction of positive levity, whose first response begins.)




[Header: DE SYSTEMATE TERRÆ MOTÆ — 445]



…how a small particle of earth, if raised up and let go, is borne [down] and will not rest (and the greater [part] always more swiftly); yet the whole Earth, if one should let it go when he had raised it, would not be borne [down], but now [its] so great gravity rests? And in the first [book of the] Meteorology, ch. 4, he said: In the middle, then, and around the middle, is the heaviest and the coldest.


[Margin: The weight of the whole Earth badly investigated by Chiaramonti.]



Granted, I do not approve the attempt of Chiaramonti (bk. 12, On the Universe, in the appendix to ch. 13), who, by weighing a cube of our [local] kneaded earth, thought — from its proportion to the cubes contained in the earth's globe — that he could arrive near to the weight of the whole Earth; not only because within the Earth there are many waters and many caverns (which he himself admits), but because the cube of earth which he used — however kneaded and compressed — was much lighter than a cube of pure Earth, such as is in the bowels of the earth. Which is proved thus: that he there says that cube was one inch of the Cesena foot high (whose figure he there exhibits in a linear diagram), and is [equal to] two inches of the old Roman foot; and that this earthen cube weighed 7½ inches [i.e. ounces]. But a cube of this kind made of lead — which however, by his own concession in the same chapter 13, ought to be lighter than an equal cube of pure Earth — weighs two pounds and more. Therefore, by multiplying (as he himself does) the inch-cubes which are in the mass of the earth by 7½, we do not attain near to the truth of the weight of the whole Earth — granted he says the whole Earth weighs 2,711,787,896,857,350,340,085,118 pounds.


[Margin: 2nd Response to Argument 4.]



It can therefore be better responded, the Copernicans' hypothesis being saved, by denying the Antecedent, and stating that the cause why the whole Earth — although most heavy — is not carried apparently along a straight line toward the center of the World, is that by its own nature it is determined to a circular motion about the center of the World, so that it ought always to be equidistant from it; while its parts do not gravitate except toward the center of the Earth itself.

V. Argument, from the Translation or Dissipation of the Earth into another place


[XII.] If the whole Earth were transferred to where the Moon now is, heavy bodies would not be carried to it, but to the center of the World; but if the whole Earth were divided into particles which were transferred elsewhere, they would not return elsewhere than to the center of the World. Therefore the center of the Earth and of the World are the same.



The Antecedent is gathered from Aristotle (bk. 4, On the Heaven, text 22). Therefore, etc.


[Margin: Lunar waters adhering to the Moon, per Kepler.]



Galileo will respond (Dialogue 2, On the System of the World, Latin p. 181) by denying the Antecedent: for he says that, the aggregate of heavy bodies being transferred to whatever place, the parts separated from the whole would flow together thither [to the new location]. But much more would Kepler deny the same antecedent, since (bk. 1, Epitome of Copernican Astronomy, p. 100) he affirms that there are waters in the Moon — and indeed heavy ones — and yet they do not fall down to the earth, much less to the center of the World, because they are kindred to the Lunar globe, and cohere with it by the Magnetic force of the Lunar globe; and so he denies that all heavy bodies flow together to the center of the Earth.

VI. Argument, from the Place owed to the Heaviest and Lowest of bodies


[Margin: 6th Argument. Form.]

[XIII.] To the heaviest and densest of bodies is owed the lowest place in the World. But the Earth is the heaviest, densest, and lowest of bodies, and the lowest place of the World is its center. Therefore the Earth's center ought to be at the center of the World.

[Margin: Response to Argument 6.]



It is responded by conceding the Major concerning the lowest place in the order of the elementary system (or in that part of the World which consists of heavy and light bodies) — in which sense the Copernicans deny the second part of the Minor; but absolutely, and in the order of the universal system, they will deny the Major — in which sense they will concede the Minor.

VII. Argument, from the Definition of Heavy and Light bodies


[Margin: 7th Argument. Form.]

[XIV.] If the Earth were not at the center of the Universe, the commonly-received definition of Heavy and Light bodies would not be good; but the consequent is absurd; therefore also that from which it follows: and so the Earth is at the center of the Universe.



The Minor is clear. The Major is proved: for the definitions of these [heavy and light], handed down by Aristotle (bk. 4, On the Heaven) and commonly received, are three, but on account of the equivalence of the terms they conspire into one. For (text 6) it is said: Simply, then, we call Light that which is carried upward and to the extreme; but simply Heavy, that which [is carried] downward and to the middle. Then (text 26): First, indeed, let it be defined as it seems to all: the simply Heavy is that which subsides beneath all; but the Light, that which rises above all. Finally (text 31): But I call simply Light that which is always born to be carried upward when not prevented; and Heavy, that which [is always born to be carried] downward. Now, from the first definition, and from 4th On the Heaven, text 4, to be carried downward and to be carried to the middle of the World are the same; and nothing can subside beneath all unless it be at the center of the Universe. Therefore, if the Earth, which is simply heavy, were not at the center of the Universe, the definition of Heavy and Light simply would not stand.


[Margin: Response to Argument 7.]



It is responded by denying the Major; to whose proof, if by "middle" be understood the middle of the Elementary system (or of the aggregate of Heavy and Light bodies as such), it is conceded that Aristotle's definitions can be commonly received — granted that not even thus were they received by the Platonists, who (on Aristotle's own testimony, 4th On the Heaven, texts 8 & 9) defined the Heavy to be that which consists of more [parts] of the same [kind], the Light that which [consists] of fewer; or the heavy that which consists of more triangles, the light of fewer; nor by those who distinguished the Heavy from the full and the Light from the void (or from more voids) — namely Democritus and Leucippus, whom however Aristotle presses from text 12 to 20 of book 4 On the Heaven; nor, finally, by the Copernicans, who hold that Gravity is the inclination of tending toward one's whole, and that Levity consists in a lesser gravity. But if by "middle" be understood the center of the Universe and of the whole mundane system, it is denied that those definitions must necessarily be received — except by those who, from elsewhere, presuppose that the center of the elementary system is the same as the center of the World; for by those who do not suppose this, but either deny it or call it into controversy, they are not necessarily to be admitted. And it suffices, for the essential coordination of Heavy and Light bodies, if the Heaviest subsides beneath all, and the Lightest rises above all, and the heavier subsides beneath the lighter, along a straight line drawn from the center of the elementary sphere.

VIII. Argument, from the Destruction of Positive Levity


[Margin: 8th Argument. Form.]

[XV.] If the center of the Earth and of the elementary system be not at the center of the World, positive levity is taken away, and is resolved into a privation of greater gravity. But this is absurd. Therefore, etc.

[Margin: Proof of the Major.]



The Minor is clear from the experiments and reasons adduced in ch. 16, nos. 3, 4, & 5. The Major is proved both by the consensus of the Copernicans — who, with Copernicus (bk. 1, ch. 8), deny that positive levity is given (as Kepler denies, bk. 1 Epitome of Copernican Astronomy, p. 99; Galileo, in the treatise On things that float on waters; and Gassendi, in the Epistle On impressed motion, pp. 118 & 119) — and by reason: because, granted the globe of Earth, Water, and Air can be the place to which heavy bodies tend according to their gravity (even if this globe be transferred, since they at length have a center to which they direct their motion and descent — namely the point which is on the circumference of the Annual orbit), nevertheless no place can be assigned to which, as proper, light bodies might congregate by ascent — since they are forced at once to desert it, nor is there in the mundane space a place toward which they ought by their nature to strive by an intrinsic principle of motion.


[Margin: 1st Response to Argument 8.]



I respond, first, by denying the Major: for the place of Light bodies — say, of elementary fire, if it be given — is a portion of the elementary sphere, placed within the concave of the Moon and the supreme region of the air, to which the particles of fire carried thither adhere no less than the particles of earth adhere to the earth. And just as the particles of earth, although on account of the translation [motion] of the elementary system they lose, in the World's space, that place which the whole earth too loses — that is, the remote place, and (as others say) the mathematical [place] — yet they do not lose the prox[imate]…


[…continues on p. 446 (PDF 481) with the catchword "ximum" (pro-ximum) — "…the proximate [place]," completing the response that light bodies, like heavy ones, keep their proximate place within the moving elementary system.]





(printed p. 446 — Chapter XXV closes with Arguments IX–XI against the annual motion, after finishing the response to Argument VIII on fire-particles and dismissing a Gassendist denial of positive levity. Argument IX urges that an off-center Earth confounds heavy with light; X, that gravity's end is rest in place; XI, that the Copernicans needlessly multiply centers. Riccioli answers each, turning the last back against the Copernican hypothesis itself.)




[Header: BOOK IX. SECTION IV.]



…[the prox]imate and physical place; so neither [do] the particles of fire [lose theirs] — although the elementary system, with the Lunar heaven, is carried round elsewhere.


[Margin: 2nd Response, but frivolous.]



Not a few will respond, secondly, by denying the Minor, with Epicurus, Democritus, and Leucippus — whom Copernicus followed implicitly (bk. 1, ch. 8), but Galileo explicitly (in the treatise On things carried in waters), Kepler (bk. 1, Epitome of Copernican Astronomy, p. 99), and Gassendi (epistle 2, On impressed motion, p. 118); for they said that levity consists in the mere privation of greater gravity, and that Fire is therefore called the lightest because it is the least heavy of all — that is (adds Gassendi) because it is the least of all bodies drawn by the Earth; and that the things we call light do not ascend upward by the force of an intrinsic principle, but are thrust up by the heavier [bodies], which strive to occupy the lower place owed to themselves.


[Margin: Gassendi's objections against positive Levity.]



To confirm which he adduces certain [arguments], which persuade [us] that there is a double levity — one which he attacks by such weak arguments, the other being that very levity of the arguments. First, he says that fire does not burn in a fireplace if the room is so closed that no air can enter through any chink; but if the chimney is open, why does the air which is in the room not thrust the fire upward? (For if, in this case, the fire is carried upward, the experiment would be void.) If you say [it is] because so great a rarefaction of the air cannot happen so suddenly as to fill as much place as the flame occupied, then the cause why the fire does not ascend is not a defect of thrusting-out, but the difficulty of supplying the vacuum. Secondly, he says that the feet of one sitting by the fire are warmed in front, but the heels are cooled, the colder air running up to the heels toward the fire; but, granted the experiment be true, whence do you prove that it runs up in order to thrust out the fire, and not rather to succeed into the place of the flame flying up? Thirdly, he says that fire burns more vehemently if the wood lies upon an iron grate rather than upon the ash itself; but this happens not because the air beneath thrusts the fire up — for thrusting-out, in itself, cannot be the cause of a greater fire (since it supposes the whole fire, which is to be thrust out, as already existing) — but it happens because the matter nearest the ignition, and the flame itself, requires rarefaction round about, which is impeded, toward that part, by the ash. Fourthly, finally, he says that the chemists' furnace, which they call "blast" [windy] — without any other bellows, by the air alone driving from below — ventilates and inflames the coals lying upon it. But who would doubt that the wind can impel the subtler parts and spirits of the fire, and crowd them into the pores of the coals, so that, united, they act more strongly and inflame the coals? Yet the same will happen even if they drive not from below but from above, as when we kindle coals placed under a fan. Let these, then, hold good [be dismissed] — and any [arguments] lighter than these, vainly devised against the levity of bodies.

IX. Argument, from the Confusion of Heavy bodies with Light, and vice versa


[Margin: 9th Argument. Form.]

[XVI.] If the Earth is outside the center of the World, nothing will be absolutely heavy or light, but the same [thing] which is called heavy will, at the same time, have to be called light, and what [is] light, heavy. The consequent is unfitting; therefore also the Antecedent, from which it follows.



The Major is proved, because, while that which is called heavy descends toward the earth, it will nevertheless at the same time recede from the middle (or center) of the universe; and what is called light, in ascending from the Earth, will approach the middle of the world; but what is carried from the middle is light, and what is carried to the middle is heavy; therefore the same [thing] will be at once heavy and light.


[Margin: Response.]



I respond by denying the Major and its proof, because, on the opinion placing the Earth outside the World's middle, those definitions do not hold which distinguish heavy bodies from light by approach to the middle of the World.

X. Argument, from the End of the motion of Heavy and Light bodies


[Margin: 10th Argument. Form.]

[XVII.] Gravity and Levity are implanted in inanimate bodies, that they may rest in their place, and may not easily be moved from it; or, if they have been removed thence, may so return to it that they may rest there. Therefore the center of the Earth and of the whole elementary sphere is not outside the World's center.



The Antecedent is proved, first, from the Philosopher (2nd On the Heaven, text 92), where it is said: For whither any particle of it (that is, of the Earth) is carried, thither the whole too must necessarily be carried; and whither anything is carried according to nature, there too it must necessarily remain according to nature. — Then, by reason: because by this is distinguished the end of the motions which are in animate things or in celestial bodies, from the end of the motion which is in the elements and inanimate mixtures: namely, that motion was given to animate [things] so that by a spontaneous motion they might acquire for themselves something beyond what they have from birth; and to the celestial [bodies], so that they might be moved not by acquiring [anything] for themselves, but for the sake of others; whereas to the Elements and inanimate [things], motion was given for neither [purpose], but precisely that they might retain and recover the place owed to them in the Universe. The Consequence is proved, because if the Earth is placed outside the center of the world for some cause — chiefly that through its motion many phenomena of the Sun and of the five lesser Planets may be more easily explained — then, if it is moved, neither it nor the rest of the elements retain their place in the World, but perpetually change it.


[Margin: Response to Argument 10.]



It is responded by conceding the Antecedent concerning the motion of Heavy and Light bodies as such; and in this sense the Consequence is denied. For, the Earth being carried round through the annual orbit, they do not change their place by gravitation and levitation (or inasmuch as they are Heavy or Light); for once they have reached their Physical place, they remain in it — granted they change their Mathematical place by the circular motion, which befits the Earth not as heavy, but as it is supposed to be a kind of Planet.

XI. Argument, from the unnecessary Multiplication of Centers, and of their Situation


[Margin: 11th Argument. Form.]

[XVIII.] The centers of systems in the World are not to be multiplied without necessity, and much less the situations of centers — finite [ones] [multiplied] to infinity. But if the Earth's center is not the same as the center of the World, there are multiplied without necessity not only the centers of systems, but also — finite to infinity — the situations of centers. Therefore, etc.



The Major is certain from the axiom so often repeated above, and admitted by the Copernicans themselves. The Minor is proved, because hence it follows that the center of the system of the whole World is really diverse from the center of the system of the Elements (which is the same as the center of the Earth); and because the Earth's center is supposed to be moved perpetually, it perpetually acquires other and other situations, to infinity. But these [things] happen without necessity, since, the identity of the center of the elements and of the World being posited, all the phenomena can be saved.


[Margin: 1st Response to Argument 11.]



It is responded, first, by denying the Minor; for the necessity, on the Copernicans' opinion, is not indeed a posteriori, nor from those things which appear to sense, but is a priori, on account of that very axiom which was used in the Major — namely, that the centers of the Planetary system should not be multiplied; that is, that the Sun's center, or the center of the annual orb, should not be placed diverse from the center of the World.


[Margin: 2nd Response.]



And therefore it is responded, secondly, by turning the argument back, and subjoining to the Major of argument 11 this Minor: But if the Sun's center, or the center of the Great Orb, be not the same as the center of the World, there are multiplied without necessity the centers of the systems of the World and of the Planets; but if this necessity be proved from elsewhere, then this argument will be better formed against the Copernican hypothesis than against the opposite [one].


✠

[…Chapter XXV ends here (cross-ornament). Continues on p. 447 (PDF 482) with the catchword "CA-" (CAPVT) — CHAPTER XXVI: five further arguments against the annual motion, from the downward situation and the perversion of the mundane system.]





(printed p. 447 — Chapter XXVI opens: five arguments against the annual motion drawn from the downward situation of the Earth and the perversion of the mundane system. Arguments I–IV — from the universal judgment of up and down, the lowest body deserving the lowest place, the license of placing the Earth anywhere, and the situation of Hell — are stated with their responses. Argument V, from the Copernicans' perversion of the elementary and planetary system, is stated and its response begun, continuing on p. 448.)
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Chapter XXVI, Five Arguments are proposed and dissolved against the Annual motion of the Earth, and against its situation outside the center of the Universe, from the downward Situation and the Perversion of the mundane system.

I. Argument, from the Difference of the Up and Down position


[Margin: 1st Argument's form.]

[I.] From whatever part of the Earth's circuit the heaven is beheld, all judge that the Heaven is above and the Earth below; but this judgment cannot stand unless they judge the Earth to be at the center of the World. Therefore, from the common judgment of men, the Earth is at the center of the World.



The Major is proved not only by the authority of Sacred Scripture (of which we do not yet treat here), saying — Proverbs 25: The Heaven above and the Earth below; therefore let thy words be few; and Deuteronomy 4: Know therefore this day, and consider it in thy heart, that the Lord himself is God in heaven above and on the earth below, and there is no other; and Isaiah [6]: See below, beneath the earth — but also by the common consensus of very many Wise [men], so that Aristotle said (4th On the Heaven, text 4): For it is absurd not to judge that there is something in the World which is up, and another which is down.


[Translator's note: in the Proverbs citation Riccioli conflates two verses — "The Heaven above and the Earth below" is Proverbs 25:3 (Vulgate, "Caelum sursum, et terra deorsum"); "therefore let thy words be few" is Ecclesiastes 5:1.]



The Minor is proved, because in whatever part of the terrestrial circuit men judge that which is simply "down" to be that from which the heaven's circumference appears described, and which seems to be equally distant from the supreme heaven; therefore they judge it to be the center of the World.


[Margin: Response to the argument.]



It is responded by conceding the Minor concerning the center of the World physically and as to appearance, [but] denying [it] concerning the Mathematical center, or [the center] taken according to Astronomical rigor. For the distance of the supreme heaven is so great, compared to the distance of the Earth from the center of the World, that the latter vanishes in relation to the former, on the Copernican hypothesis; and the whole Great Orb, through which the Earth is carried round, is like a point in relation to the supreme sphere.

II. Argument, from the notion of the Lowest


[Margin: 2nd Argument's form and Response.]

[II.] To the lowest of the mundane bodies is owed the lowest place. But the Earth is the lowest, not only of the elements, but of all bodies, and the center of the World is the lowest place. Therefore, etc.



Kepler (in the Epitome of Copernican Astronomy, bk. 1, p. 101) and Gassendi (Epistle 2, On impressed motion, p. 113) respond by denying both the Major and the Minor: for [they say] that it is not necessary that places correspond to bodies in nobility, nor that the Earth is more ignoble than the Moon, and perhaps than certain other Planets. And indeed the Sun is nobler than Saturn, Jupiter, and Mars, and yet is not superior in place. Nevertheless it could [also] be responded that the Earth, taken together with men and the other living things, is not the lowest — and so by denying the Minor. But Gassendi says that nothing in the World is absolutely lowest or supreme, but only comparatively to the situation of an animal, and chiefly of man, whose supreme part is the head, the lowest the feet; hence it is that the part overhanging our zenith is called supreme, and that which lies under [our] feet, lowest; wherefore what is for us the Nadir and the bottom of the heaven is, for our Antipodes, the Zenith and the top of the heaven; nor does that which is the middle continually have the notion of the lowest, as is clear in the navel of the human body.

III. Argument, from the excessive License of placing the Earth anywhere


[Margin: 3rd Argument's form.]

[III.] If the Earth is not at the center of the Universe, it will be permitted to anyone to place it wherever he wishes in the Universe. The consequent is absurd. Therefore, etc.

[Margin: Response.]



It is responded by denying the Major; for it will not be permitted to place it in such a position from which, [looking] from anywhere, the whole hemisphere of the heaven would not appear to us, to sense. This, however — the phenomenon being saved — will be permitted: for, as Gassendi observes (Epistle 2, On impressed motion, p. 115), the distance of the Fixed [stars] is so great that we judge them all to be on a single surface, with the Planets and with one another; from which he infers that, if we were on the Moon or on the Sun, it would nevertheless be that the heaven would appear to us spherical, and its hemisphere [appear] on every side. And he adds: just as the Ptolemaics admit that the Planets are revolved around the Earth, and yet do not say that their orbs are concentric with the Earth, so it does not follow that, from the fact that we see the heaven turn around the Earth, we therefore know where the center of the heaven is; and [the center] can be distant from the Earth by many terrestrial semidiameters.

IV. Argument, from the situation of the place of Hell, or of the Underworld


[Margin: 4th Argument's form.]

[IV.] If the Earth is not at the center of the World, the place of the damned would not be "the Underworld," nor would all who are banished thither "descend" into the Underworld; nay, the place of the damned would be in the heaven. But these [things] are absurd. Therefore, etc.



The Major is proved, because those who, around midday, would be carried toward the center of the Earth, would [thereby] recede from the middle of the world (that is, from the Sun, or from the center of the Great Orb nearest the Sun); wherefore they would rather ascend than descend.


[Margin: Response.]



The Copernicans will respond by absolutely denying the Major; for "the Underworld" [Infernus] is understood as the place of the damned comparatively — both to the surface of the Earth, on which the Wayfarers, men, dwell, and to the supreme region of the Empyrean, in which the Comprehensors [the blessed] dwell — from both of which the damned recede, tending toward Gehenna; nor is it absurd that the damned are in the Planetary heaven, but [not] in the Empyrean heaven; nor [is it necessary] that that [saying] of CHRIST — I saw Satan falling like lightning from heaven — be understood necessarily of the Planetary heaven, but [rather] of the Empyrean heaven. But as for what pertains to the sacred authorities concerning the place of the Earth, it must be treated seriously below.

V. Argument, from the Perversion of the Elementary and Planetary System, and of the number of the Planets


[Margin: 5th Argument's form.]

[V.] If the Earth is moved through the Great Orb around the Sun, as the Copernicans imagine, the whole system — not only the elementary but also the Planetary — is perverted and disturbed, against the common sense not so much of the crowd as of the wise; and that without any necessity. Therefore the Earth is not moved through the Great Orb, etc.



The Antecedent is proved, because the common sense of the wise is: that all the Elements and elementary bodies are beneath all the heavens, and are distinguished from them no less in place than in nature and condition; that the Moon is the lowest of all the Planets; that the Sun and Moon are the two chief Luminaries and primary Planets; and finally that the Sun is higher than the Moon, but lower than Saturn, Jupiter, and Mars. But the Copernicans place not only the Earth in the heaven and among the Planets, but also the whole Elementary sphere, and with them all the mixed [bodies], animate and inanimate — so that now even beetles and ants are, on their view, as it were secondary little planets; and they put the Moon between the heaven of Mars and of Venus, and make it a secondary Planet, a companion of the Earth; and finally the Sun, cast down from every heaven and expunged from the whole number of the Planets, they place immovable at, or near, the center of the World. And all these things they imagine, compelled by no necessity of the celestial or elementary Phenomena, but only pursuing certain ideas and intelligible congruities.


[Margin: Response to Argument 5.]



The Copernicans respond by conceding the Antecedent as to all its parts, except the denial of necessity — which [denial] is not proved except concerning a necessity taken from the experiment of the senses; but they will say that they are compelled to it by an a priori necessity, from archetypal and Ideal causes, and lest they admit other absurdities in the World-system — such as they reckon the Retrogradation and Station [of the planets], and the twofold inequality of the planets' motion, and the superfluity of Epicyc[les]…


[…continues on p. 448 (PDF 483) with the catchword "rum" (Epicyclo-rum) — "…of Epicycles," completing the Copernican response that their system avoids retrogradations, stations, and superfluous epicycles.]





(printed p. 448 — Chapter XXVI closes and Chapter XXVII opens, presenting nine arguments from the celestial phenomena — chiefly eclipses and the evidence of the Sun's motion — against the annual motion. Argument V's response concludes that the Copernican necessity is a priori and Platonist rather than Peripatetic. Chapter XXVII gives its authority-roster with a Buchanan poem (which Riccioli notes proves only what Copernicans grant), then states Argument I, from the agreement of all phenomena with a central Earth, and begins Argument II, from the planets' two apparent motions.)
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…[the superfluity of Epicycles] and of Librations: or they will say that this very [necessity] is not indeed an absolute necessity, but only [a necessity] from the hypothesis of that which is better in itself, and which seems more worthy of the Maker and Founder, GOD. Wherefore, although the argument thus made has very great force among those accustomed to the Peripatetic mode of Philosophizing, yet among the minds of the Platonic school — which contemplate intelligible Ideas rather than the images of things received through sense — it is not of such weight.


✠ [Chapter XXVI ends here.]






Chapter XXVII, Nine Arguments are proposed and dissolved, taken from the Celestial Phenomena — and chiefly from Eclipses, and from the Evidence of the Sun's motion — against the Annual motion of the Earth.

[I.] To show that the globe of the Earth is at the center of the heaven and of this visible World, many arguments are wont to be brought, drawn from those things which appear to us concerning the heaven and the celestial [bodies]; about which [see] Aristotle (2nd On the Heaven, ch. 13, texts 97 & 103, and the interpreters there); Ptolemy (bk. 1 of the Almagest, chs. 5 & 6); Cleomedes (bk. 1 of the Cyclic Theory, ch. 9); Alfraganus (difference 4); Sacrobosco (in the Sphere, ch. 1, and there Clavius from p. 135 to 143); Maurolyco (Dialogue 1 of the Cosmography, p. 9); Barozzi (bk. 1 of the Cosmography, p. 33); Blancanus (in the Sphere, bk. 4, ch. 1); Liceti (in the disputations On the single center of the Earth's motion); and George Buchanan (bk. 1 of the Sphere), with whose verses it seems [fitting] to make a prelude.


[Margin: Buchanan's verses for the Earth's situation in the middle of the World.]

Nor is it less easy to know this by sure signs:
if the earth were less distant from the eastern gate
than from the Tartessian boundary that receives the wearied axles [of day, the West],
then Phoebus, rising at morning, gleaming with conspicuous rays,
as he lifted his head would show a larger orb,
and again, in the coming night, a smaller.
Why should I recount the stars — both those which glide
along the same perpetual track, and those which, with unequal steps,
wander constantly through the liquid fields of heaven —
[since,] when they pass nearer, they will seem to us
of greater bodily growth; while, when they are farther off,
by reason of distance they will show a smaller face?
Nay, observe the Sun: when, straight from the summit of heaven,
he strikes the Ethiopians with no point of his rays;
when the vine-leaf protects the tender fruits with its shade —
if the eastern ruler of light then drove his chariot
nearer to the lands, a greater part of his course
would have to be traversed when the light is spent, and the Sun
would scale heaven's heights in few morning hours up the opposite slope,
and, late, would bury his team in the western ocean over a greater space.
On the contrary, if the earth, near the western goal,
were far distant from the eastern,
then Titan, long climbing at morning to the lofty peak
of the aether, would swiftly plunge into the Hesperian waves;
nor would he, midmost, from his throne of the high aether,
divide the times of light by equal spaces, as now he does.
Moreover, if the Sun showed himself nearer to the Indians [the East]
than he sets to the Hesperians [the West], he would — laying down smaller shadows —
cast them in equal hours, than the shores of Calpe [Gibraltar]
when, descending, he seeks the night, shaking the reins:
for if an opaque body be set before a light,
it stretches its shadows the longer and darker,
the more you remove the light from the dense body.
Now, since the Sun casts equal shadows in equal spaces,
he looks back upon the earth on every side with equal spaces —
the earth's western orb and its eastern equally near to the [dawn-]gate;
but it neither, sloping, leans toward the warm South [Auster],
nor rises up toward the Maenalian Bear [the North];
but, hanging in the middle interval between either Pole,
it divides the surrounding heaven by an equal boundary.

Do you not see, when the swallow, messenger of gentle spring,
warns that the darkness is equal with the daylight [the spring equinox]?
Or when Libra tempers the days and nights by a just balance [the autumn equinox],
and, milder, fosters the grapes with gentle heat —
when, rising in the new morning with rosy dawn, Phoebus
pours the darts of his rays upon the moist lands,
and the towered houses, and the battlements armed with pinnacles,
and the boundary which shuts out quarrels from the neighbors:
the field's tree casts the straight points of its shadows
toward the late couch of Phoebus [the West]; again, departing
late in the evening, while panting Phoebus buries his horses in the waves,
the rosy point of the shadows is stretched toward the [eastern] risings;
and when the Sun, descending, holds Capricorn in the rainy South,
or when, lofty, he flashes in the [northern] Bears and kindles the watery arms of Cancer,
now the shadow seeks the oblique South [Notus], now the North [Boreas].
But if the earth, abandoning the middle station of the world,
leaned more toward the Parrhasian Bear [the North],
every shadow would extend itself toward the cold North;
but if it inclined more toward the moist South,
every shadow would extend itself toward the moist South,
and, flowing crosswise, the evening [shadow] would then cut
the shadow stretched far from the eastern mountains.
But neither, were the earth not on the axis midway
between either pole, would the earth's Delian [Moon] grow suddenly pale
from the shadow, the light of her brother [the Sun] withdrawn —
as often as, the heaven divided by an equal boundary,
[the earth] casts its orb opposite to the Solar rays.



Yet very many of the aforesaid arguments, which the other Authors indicated above also adduce, are valid only so far as to show that the Earth cannot be outside the plane of the celestial Ecliptic, or running out beyond the center of the Equator toward the South or North — which not even the Copernicans say; therefore, those [arguments] being passed over, we shall select the remaining arguments.

I. General Argument, from the Phenomena agreeing with the Earth's situation in the middle of the World


[Margin: 1st Argument. Form.]

[II.] If the Earth is placed at the center of the World, all the celestial Phenomena are saved, and this supposition corresponds to the observations made by Astronomers. Therefore the Earth is at the center of the World.

[Margin: Aristotle's argument for the Earth's situation.]



This indeed is Aristotle's argument (2nd On the Heaven, text 103), saying: Those things also which are said by the Mathematicians concerning Astronomy bear witness; for the [phenomena] which appear come to pass with the figures [configurations] transferred, by which the order of the stars is determined — the Earth being placed, as it were, in the middle.


[Margin: Response to Argument 1.]



The Copernicans respond, the Antecedent being conceded, by denying the Consequence and turning the argument back: for the same Phenomena are saved if the Earth be supposed to be turned about its own axis by the motion of whirling, and about the Sun by the annual motion of translation; therefore the Earth is so moved. Since, then, the said Phenomena are saved in either way, the consequence is necessary for neither hypothesis; and the argument, reduced to form, rests on two particular affirmatives — from which nothing is necessarily concluded.

II. Argument, from the Two apparent motions in the Planets


[Margin: 2nd Argument.]

[III.] If the Earth were moved circularly, it would have to be moved by more than one motion. But it cannot be moved by more than one motion. Therefore the Earth is not moved circularly.



The Major is clear from an induction made in all the spheres which are moved circularly; wherefore, if the Earth were placed among the Planets, it too would have to be moved by more than one motion. The Minor is proved, because great changes would appear in the fixed stars, and in their rising and setting, which do not appear. And this is Aristotle's argument (bk. 2, On the Heaven, text 97), which it is pleasing to express in his own words:


[Margin: Aristotle's other argument for the Earth's situation.]

Moreover, all things which are carried by a circular carrying seem to fall behind [lag], and to be moved by more than one carrying, except the first sphere; wherefore it is necessary that the Earth too — whether it be carried placed around the middle, or in the middle — be moved by two carryings. But if this happen, it is necessary that there come about a chan[ge]…

[…continues on p. 449 (PDF 484) with the catchword "tatio-" (mu-tatio-nes) — "…a change and conversion of the fixed stars; but this does not seem to happen," completing Aristotle's text 97.]





(printed p. 449 — within Chapter XXVII: Arguments II–VII from the celestial phenomena, each conceded physically but denied under astronomical rigor. They argue from the fixed stars' constant risings and settings, the always-visible celestial hemisphere, the stars' equal apparent magnitude at rising and setting, gnomon shadows, the alternation of days and nights, and lunar eclipses always at opposition. The responses turn on the immense stellar distance making the Earth's offset insensible and on the diurnal and annual motions saving the same appearances.)
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…[a change] and conversion of the fixed stars; but this does not seem to happen; rather, the same [stars] always rise and set at the same places of it. — But the Philosopher excepts the first sphere, that is the Primum Mobile, to which he attributes a single motion, namely the diurnal.


[Margin: Response to the argument.]



It is responded by conceding the Major concerning the real motions, [but] denying [it] concerning the apparent; and, on the contrary, by denying the Minor concerning the real [motions], [but] conceding [it] concerning the apparent — of which alone the proof holds. For since, on this hypothesis, the eyes of the observers are moved together with the Earth by both motions, the Earth's own motions cannot appear to us; yet from its real motions it follows that the stars appear to us of the same size, according to what is soon to be said.

III. Argument, from the Hemisphere and half of the Heaven always appearing


[Margin: 3rd Argument. Form.]

[IV.] If the Earth were not in the middle of the World, the whole hemisphere of the heaven (or half of any [circle] of the heaven) could not appear to us, placed wherever on earth; nor would six signs of the Zodiac always stand above the horizon. But observation of all places of the earth and of all ages teaches the contrary. Therefore, etc.

[Margin: Response.]



It is responded by distinguishing the Major, and conceding it if neither the Earth were moved by the diurnal motion of 24 hours, nor the semidiameter of the annual orb were of insensible proportion to the semidiameter of the sphere of the fixed [stars], nor, finally, the semidiameter of the terrestrial globe were small (to sense) in relation to the semidiameter of the heavens; but otherwise, the Major is denied. For from the diurnal motion of 24 hours it comes about that [the Earth] behaves, as regards the rising and setting of the stars, just as if they revolved around the Earth as the center of their revolution. And from the immense distance of the Fixed [stars] and of the visible signs of the Zodiac, in relation to the distance of the Earth from the center of the World and of the Fixed [stars] — which is, to sense, nothing — it comes about that six signs always appear, and the whole hemisphere of the sphere of the Fixed [stars]. Finally, from the smallness of the terrestrial semidiameter, compared with the semidiameter of the other spheres pertaining to the Planets, it comes about that a very tiny and scarcely sensible portion of the planetary heaven is hidden from us; nor does the Earth's semidiameter snatch from us — turned toward one quadrant of the heaven — an arc greater than the horizontal parallax of each Planet (which, in the Moon, is a little more than one degree, but in the other Planets less than one degree; how great it is, is clear from what was said in bk. 3, ch. 8, where [I treat] of the Sun's; bk. 4, ch. 14, of the Moon's parallaxes; and bk. 7, sect. 6, ch. 7, of the other Planets' parallaxes). Therefore, the horizontal parallax being subtracted from the quadrant (or from the 90 degrees), there remain 89 degrees and more (if you except the Moon), which we see turned toward the East, and as many turned toward the West; wherefore it is no wonder if we see almost the whole half of the heaven, even the Planetary. And hence too it comes about that the earth seems a point in relation to the heaven (especially the supreme), as Ptolemy (bk. 1, Almagest, ch. 6), Alfraganus (diff. 4), Proclus (in the Sphere), Clavius (in the Sphere, p. 143), and others contend.

IV. Argument, from the apparent Magnitude of the Stars


[Margin: 4th Argument. Form.]

[V.] If the Earth were not in the middle of the visible World, the same Stars would not appear equal to themselves at rising, at midnight, and at setting; but they do appear equal to themselves. Therefore, etc.



The Major is proved, because from that part of the Earth which was nearer the heaven they would appear larger. But if you say that the vapors of the horizon hinder this view, let stars be taken seen near the Meridian in different horizons (says Clavius, p. 136 of the Sphere); for all then see Arcturus of the same magnitude, and so of the rest — even at different times of the year.


[Margin: Response.]



It is responded by conceding the Major if the distance of the Earth from the World's center were sensible (or of notable proportion) to the Stars' distance; or if the Earth were not physically and to sense in the middle of the World; but [the Major is] denied if the proportion between the said distances be insensible — or if the Earth be in the middle physically, granted not mathematically.

V. Argument, from the Shadows of Gnomons


[Margin: 5th Argument. Form.]

[VI.] If the Earth were not in the middle of the World, the eastern shadows of Gnomons would not be equal to the western at an equal altitude of the Sun, nor would they describe a straight line on the horizontal plane on the Equinoctial days. The consequent is false and against observations; therefore also the antecedent, from which it follows.



The Major is proved by Cleomedes (bk. 1, Cyclic Theory, ch. 9), because, if the Earth came nearer to the East, the shadows of gnomons at sunrise would be shorter than at sunset (for the nearer a luminous body is, other things being equal, the more contracted the shadows become); on the contrary, if the Earth came nearer to the West, the shadows of the setting Sun would be shorter than of the rising; but if the Earth came nearer to one of the poles, the equinoctial shadows would describe a curved line, as on the days outside the equinoxes.


[Margin: Response.]



It is responded by conceding the Major if the Earth came notably nearer to the rising Sun than to the setting, on account of [its] position in the annual orb; but otherwise [it is] denied. For in fact the Earth is no more distant from the Sun (whether rising or setting) than the Sun is distant from the Earth on the other hypothesis — since the Sun is placed at the center of the Earth's Great Orb, or as near as possible to this center. And in the same way it is responded to the argument taken from the forenoon semidiurnal arc, which does not seem [likely] to be equal to the afternoon.

VI. Argument, from the Alternation of days and nights


[Margin: 6th Argument. Form and Response.]

[VII.] If the Earth were outside the world's center, the two Equinoxes each year would not occur, nor the two Solstices, nor the rest of the vicissitudes of days which appear in the threefold sphere — namely the Right, the Parallel, and the Oblique. The consequent is false. Therefore, etc.



It is responded, the Major being conceded, if the Earth were not carried round annually in the Plane of the Ecliptic about the Sun [placed] at, or near, the immovable center of the world; or [if it were carried] not in such a way that the terrestrial Equator were inclined to the Ecliptic by 23½ degrees and always parallel to itself; but otherwise, the Major is denied.

VII. Argument, from the Eclipses of the Moon


[Margin: 7th Argument. Form.]

[VIII.] If the Earth were not in the middle of the World, Eclipses of the Moon would not always occur with the Moon existing under that place of the Zodiac opposite to [the place] under which the Sun is. But Eclipses of the Moon always occur with the Moon and the Sun existing under opposite places of the Zodiac. Therefore the Earth is in the middle of the World.



The Minor is acknowledged among the Astronomers of every age. The Major seems to be shown by Ptolemy (bk. 1, Almagest, ch. 5) in these words: And, to touch on it briefly: the whole order which appears in the increments and decrements of days and nights would be utterly confounded, unless the earth held the middle situation. Moreover, the Eclipses of the Moon too, [which now] happen in whatever parts of the heaven, could not occur in the place opposite the Sun, since the Earth would more often oppose itself to it not in opposition, but in spaces smaller than a semicircle. Which argument Averroes (bk. 2, On the Heaven, at text 103), Johann Regiomontanus (bk. 1 of the Epitome of the Almagest), Maurolyco (Dialogue 1 of the Cosmography, p. 9), and our Clavius (on the Sphere, p. 142) urge; but Maurolyco and Clavius lean upon this proof more earnestly, each of whom thinks the matter can be made out from only two Eclipses, using this diagram, in which are represented two Lunar Eclipses made at different places of the Zodiac — but in such a way that the Sun's place under the Zodiac is opposite to the Moon's place under the Zodiac, and so when the centers of the Luminaries are opposed through a diameter; from which they say it follows that the Earth — whose shadow C eclipses the Moon — is on both diameters, and so in their common section; wherefore, since all the diameters of the World intersect one another at the center of the World, it is necessar[y]…


[Engraved figure (#40) — the two-eclipse demonstration. A circle (the Zodiac) with two radiant Suns drawn at the upper left and upper right; from each Sun a straight line (a diameter, drawn as an arrow) crosses the circle through its interior; the two diameters intersect at the central point C — the Earth's shadow that eclipses the Moon. Since the shadow C lies on both diameters at once, it sits at their common intersection; and as all diameters of the World cross at the World's center, the Earth (at C) is necessarily at that center.]

[…continues on p. 450 (PDF 485) with the catchword "se" (neces-se) — "…it is necessary [that the Earth be at the center of the World]," completing the Maurolyco–Clavius two-eclipse proof, and Riccioli's response.]





(printed p. 450 — within Chapter XXVII, the last two arguments conclude the chapter, and Chapter XXVIII opens. Argument VII (lunar eclipses) and Argument VIII (horizontal lunar eclipses, Argoli's boast) are answered: both strike only an immovable off-center Earth, not the Copernican system, where the Earth lies on the line between the luminaries. Argument IX, from the evidence of the Sun's motion, receives the Copernican response, with Riccioli's verdict that physical evidence still favors the Sun's motion. Chapter XXVIII then opens with three arguments from the parallax of the annual orb, defining that parallax.)




[Header: BOOK IX. SECTION IV.]



…it is necessary, they think, that the Earth be at the center of the World; and Maurolyco thinks this so manifest that he concludes nothing of doubt remains.


[Margin: Response to Argument 7.]



It is responded, nevertheless, by distinguishing the Major, and conceding it if the Earth were so outside the center of the World that not the Earth itself, but the Sun (just as the Moon also) revolved around it — the Sun annually, the Moon monthly. But the same Major is denied if the center of the Earth, carrying the Lunar heaven with it, revolves annually about the Sun [placed] nearest the world's center, while the Moon performs monthly revolutions about the Earth: for then the Sun can be beheld from the Earth under any place of the Zodiac, and the Moon under the opposite place, and thus any Lunar Eclipse [can] occur in the diametrical opposition of the Luminaries. Wherefore the argument of the aforesaid Astronomers does not assail the Copernicans, but those who might perhaps imagine that the Sun moves annually about the center of the World, and that the Earth, devoid of an annual revolution, is outside the center of the World. But for the Copernicans, look at the Diagram set out in ch. 4, no. 17.

VIII. Argument, from Horizontal Eclipses of the Moon


[Margin: 8th Argument. Form.]

[IX.] If the Earth were outside the center of the World, Eclipses of the Moon could never occur with both luminaries appearing on the Horizon. But Eclipses of this kind do sometimes occur. Therefore the Earth is not outside the center of the World.



This indeed is the argument in which, through inexperience, Andreas Argoli sang a triumph against Copernicus (in the Ephemeris of the year 1668), on the occasion of a Lunar Eclipse to come on the 25th of May, which, with respect to the Roman Horizon, will be so disposed that, in the morning at sunrise, the Moon — diametrically opposite to it and now about to set beneath the Horizon — will appear Eclipsed. The words of this author are:


[Margin: Argoli's argument, but empty against the Copernicans.]

The second Lunar Eclipse [is on] the 25th of May, at hour 16, 26′; whose calculation and figure we have set down on purpose, since it occurs nearly at sunrise, and for this reason — that one may see whether, in the opposition of the Luminaries, both are beheld from the Horizon — [it is] an indication that the earth is established in the middle of the Firmament, against the Copernicans. Although this can constantly be observed from the rising or setting of the Palilician [Aldebaran], or Antares — stars diametrically opposite — one of which, established in the East, the other is offered to be beheld in the West, and conversely.



The Major, therefore, of the proposed argument is thus proved: If a Lunar Eclipse must occur in such a way that the Moon is not only diametrically opposite the Sun, but also both Luminaries appear at the same time on the Horizon, it is necessary that a whole hemisphere (or semicircle of the Zodiac) be seen, since the Luminaries are then distant from each other by a whole semicircle; but a whole semicircle of the Zodiac cannot be seen by us unless we and our Earth be at the center of the celestial Zodiac, and so unless [it be] at the center of the Firmament. The Minor is proved by examples of Horizontal Eclipses, and by the witnesses Pliny (bk. 2, ch. 13) and Mästlin (in [his work] on Eclipses) — about which [see] more in our bk. 5, ch. 5, proposition 5; nay, there is no Lunar Eclipse which, with respect to some Horizon, is not such — since there is no moment in which the Sun does not rise to some Horizon.


[Margin: Response to Argument 8.]



It is responded, nevertheless, by distinguishing the Major, and conceding it if the Earth were outside the center of the World but immovable, and the Sun were turned in the annual orb about the World's center (as Argoli still imagines); but denying the Major if the center of the Earth revolves with an annual period about the Sun (set near the World's center), and the Moon [revolves] about the Earth with a monthly circuit. For it is not necessary, for the Phenomenon of such Eclipses, that we see a whole semicircle of the celestial Zodiac; but it suffices that the Earth be in that Ecliptic which it describes by its center, so placed that it sees the Sun under one point of this Ecliptic, and the Moon under the opposite (so far as the Moon's Latitude permits), and so that the Earth be in a straight line interposed between the Luminaries: all the rest are joined per accidens with these Eclipses. Yet, for this — that at the same time Aldebaran can be beheld in the East and Antares in the West, and that by each of the inhabitants of the Earth — it is required that the Earth be in the middle of the World physically, and so that its distance from the center of the World have no sensible proportion to the distance of the Fixed [stars]: as has been said more than once.

IX. Argument, from the Evidence of the Sun's motion


[Margin: 9th Argument. Form.]

[X.] If it be evident, physically, that the Sun is moved annually about the center of the World, it is evident that the Earth is not so moved, but is at the center of the World. But it is evident, physically, that the Sun is moved annually about the center of the World. Therefore it is evident that the Earth is not so moved, but is at the center of the World.



The Major is certain, at least on the Copernican hypothesis, in which the Earth is carried round in the annual orb about the immovable Sun only for this — that through it there may be furnished that which the Sun, in the annual orb about the resting earth, is supposed by others to furnish; granted that, in Astronomical rigor, it is not repugnant for both globes to be carried round annually, at equal pace, under the Zodiac. The Minor is proved, because it is no less — nay, more — evident physically that the Sun is moved by its proper motion, than that the other Planets [are moved] by their proper motion toward the East; since both the motions of the others are attempered to the Sun's motion, and the daily elongation of the Planets from some Fixed [star] toward the East (which is the argument of their proper motion) appears no less, nay more, in the Sun. But now it is so evident physically that the other Planets are moved by their proper motion, that their motion cannot be commuted into the Earth's motion; wherefore not even the Sun's apparent motion can be commuted into the Earth's motion, without injury to Physical evidence.


[Margin: Response to Argument 9, but invalid.]



They respond: let the Major pass; [we respond] by denying the Minor; for it is evident only by a sub-disjunction — that either the Sun is moved annually about the Earth, or the Earth about the Sun — since it is certain that, if we were on the Sun, the Earth would appear to us to be moved under the Zodiac, just as now, [we] being established on the Earth, the Sun appears to us to be moved. But that we cannot perceive the Earth's annual motion (if there be any) — the cause is that it is common to us and to our eyes, which are transferred if the Earth is transferred; on account of which we would not perceive even the Sun's motion, [we] being established on the Sun, even if it were really moved and the Earth at rest. Since these things are so, those who Philosophize circumspectly ought not (they say) to deduce from this appearance the real motion of one rather than of the other, but only the apparent motion of the Sun. — To the proof of the Minor it is responded by denying the parity, because the Phenomena of all the Planets cannot be saved if the Earth be supposed to be moved about them [at rest] and to perform their periods in reality; but both their phenomena and the Sun's can stand, if the Earth be supposed to be moved annually about the Sun (resting near the center of the World) in such a way that its motion is between the orb of Mars and of Venus, etc., according to the system set out in ch. 4, no. 15, and ch. 8, no. 22.

Nevertheless that disjunctive proposition is evident not only physically, but mathematically; but Physical evidence alone, taken absolutely, stands for the motion of the Sun, and that suffices, so long as the opposite is not demonstrated.


✠ [Chapter XXVII ends here.]






Chapter XXVIII, Three Arguments are proposed and dissolved against the Annual motion of the Earth, taken from the Parallax of the Annual Orb.


[Margin: Definition of the Parallax of the Annual Orb.]



[I.] The Parallax of the Annual Orb is a diversity of aspect, arising from the different situation of the spectator, [who is] transferred together with the Earth through the annual orb. Which diversity can be either in the apparent magnitude of the Stars, or in their altitude or distance from the zenith, or in their distance from some point or visible and immovable object — of which kind is the Sun, on the Copernican hypothesis. Accordingly, the asserters of the Earth's immobility contend: if the Earth were transferred through the annual orb, now here, now there, the aforesaid diversities would appear in some stars; which, since they do not appear, the argu[ment]…


[…continues on p. 451 (PDF 486) with the catchword "men-" (argu-men-tum) — "…the argument [concludes] this, that the Earth is not moved through the annual orb."]





(printed p. 451 — within Chapter XXVIII: the geometric setup of annual parallax by an engraved diagram (#41), with Galileo's two propositions that the maximum parallax in altitude belongs to stars at the ecliptic poles and the maximum in apparent magnitude to stars in the ecliptic. Riccioli exposes the Copernicans' lapse of computing only the semiparallax rather than the full angle on the orb's diameter. A table of maximum annual-orb parallax follows: on close-star distances a glaring 6°–9°, on Copernican distances mere seconds.)
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…the argument [concludes] this, that the Earth is not moved through the annual orb.


[Margin: Exposition of the Diagram for the Parallax of the Annual Orb.]



Now, that the force of the Arguments and of the Solutions may be perceived: let there be, in the following diagram, at A, the center of the Sun and of the World, about which let the semicircle of the Ecliptic (or annual orb) be BDC, so that the diameter of the Annual Orb is BAC, and the semidiameter AB; and let the center of the Earth be now at B (where the nocturnal hemisphere of the earth is BK, and the diurnal, or [the part] illumined by the Sun, is BS), now after 6 months at C (where the nocturnal hemisphere is CN, and the diurnal CR) — as happens, for example, when it is transferred from one to the other of the Solstitial points, or to the other of the Equinoctial. And from the same center A let a great semicircle EFG be described, in the sphere of the Fixed [stars], whose diameter EAG coincides with the diameter of the annual orb; which semicircle is to be understood [as] erected orthogonally to the plane of the Ecliptic, and let it be (for example) the Solstitial Colure, and at the same time hold the place of the Meridian; and on it let the Pole of the Ecliptic be F, at which let some star be imagined to be, to which let the straight lines BF and CF be drawn from the centers B and C; and let the eye on the earth's surface be once at I and once at O, through which points let the straight lines AIM and AOP be drawn, touching the earth at I and at O, and serving in the place of the Physical Horizon — through which the eye I sees the Sun A setting for itself (since the diurnal motion goes from S to I, toward K, etc.), but at O sees the Sun rising for itself. Let there be, again, another star L, outside the Ecliptic and the poles of the Ecliptic, to which let the straight lines BL and CL be drawn from the Earth's centers B and C; and — the parallax of the earth's orb being now neglected — let the eye B be imagined to see L through the straight line BL; for it will see it raised by the angle GBL, much greater than when, transferred to C, it sees it through CL, raised by the angle GCL. Wherefore the parallax of the annual orb, in this case, will be the angle BLC, arising from the diameter BAC — just as, in the prior case, [the parallax] would be the angle BFC.

Which Parallax we shall call per se, whether it then be observable, or per accidens not observable — because the star L (or F), once seen when the earth is at B, cannot be seen after six months, when it is at C, the day or the brightness of the Sun obstructing. For afterward we shall distinguish these aspects, and shall teach what can be observed when the Earth is transferred.


[Engraved figure (#41) — the annual-parallax construction. At the center A (Sun and World-center) stands the vertical diameter B–A–C of the annual orb (semicircle BDC, with D on the orb at right); the Earth is drawn as a small globe at the top (B, its night-side BK shaded, with surface-points S and I) and at the bottom (C, night-side CN shaded, with O, and E below). A large arc E–F–G (the fixed-star semicircle / Solstitial Colure) rises at the right, its horizontal diameter E–A–G through the center, with the Ecliptic Pole F on the arc (H at far left). From the two Earth-positions, lines run to the polar star F (BF, CF) and to the off-ecliptic star L at lower right (BL, CL); tangent lines A–I–M and A–O–P (the physical horizons) and points K, M, P, R, V complete the figure. The narrowing of the angle as the star moves from F toward G (where it vanishes) shows the parallax greatest at the ecliptic pole.]

[Margin: Galileo's 2nd Proposition.]



[II.] These [things] premised, Galileo (Dialogue 3, On the System of the World, Italian p. 376, Latin 385) demonstrates that the Maximum parallax of the annual orb, which the stars can undergo in altitude or distance from the zenith, is [the parallax] of those which are at the Poles of the Ecliptic; but none [is the parallax] of those which are in the Ecliptic; and [it is] the smaller, the nearer they are to the Ecliptic, [and] the more remote from the poles of the Ecliptic. And so, in the preceding figure, the maximum parallax is of the star F, none of the star G or E; but [the parallax] of the star L is smaller than that of the star F, because the parallactic angle BFC is greater than the parallactic [angle] BLC — nay, [it is] the greatest of all those which are contained on the same base BAC, within the same periphery EFG, as he shows in the same place; and it is gathered even hence, that that angle from F, tending toward G, is so diminished that at last, at G, it vanishes. Wherefore the Fixed stars placed in the Ecliptic are never raised or depressed, more or less, on account of the earth's motion (though they become now nearer to the eye, now more remote); and therefore (Italian p. 373, Latin 382, of the same dialogue) he demonstrated this other proposition, which is, for him, prior: The maximum parallax of the annual orb, which the stars can undergo in apparent magnitude, is [the parallax] of those which are in the Ecliptic; but none [is the parallax] of those which are at the poles of the Ecliptic; and [it is] the smaller, the nearer they are to the poles of the Ecliptic, and the more remote from the Ecliptic. Yet the first proposition holds in the case which is imagined in the description of the figure, the immense distance of the Fixed [stars] G and E being posited; otherwise a case can be given in which some parallax of the stars G and E too occurs from the annual orb, according to what was said in ch. 11, no. 14.

[III.] It is now worth the trouble to inquire how great the maximum parallax of the annual orb would be — supposing both the mean distance of the Sun and of the Fixed [stars] from the Earth, which some asserters of the Earth's immobility posit, and that which the more distinguished Copernicans posit; which we shall easily obtain in the triangle ABF (right-angled at A), in which, from the hypotheses of the aforesaid, the side AB is given (the semidiameter of the annual orb, namely the mean distance of the Sun from the Earth) and the side AF (the distance of the Fixed [stars] from the World's center); wherefore, by the Fifth [proposition] of Plane Right-angled Triangles (on which [see] bk. 10, sect. 1, ch. 2), the angle AFB will become known; which doubled, we shall have the whole parallactic angle BFC, standing on the diameter BC.


[Margin: The Copernicans' lapse in the Parallax of the Annual Orb.]



[Granted] that all the Copernicans hitherto have absolutely obtruded upon us the angle AFB for the parallax of the annual orb (as we showed in bk. 6, ch. 7, from no. 10 to 15) — whether they used dissimulation, to diminish this parallax, or rather through inadvertence, arising from the habit of the parallax of the earth's orb [the diurnal], which the semidiameter of the Earth generates. For just as, in the preceding figure, the star being placed at L, the eye rising at K, [the star] seen through the tangent HKL, and the straight line BL drawn from the center B, the horizontal parallax of the star is the angle BLK, standing on the Earth's semidiameter BK; so they estimated the parallax of the annual orb from the semidiameter alone of the annual orb AB, nor [reckoned it] greater than the angle AFB. But just as, if someone — the earth standing still — were transferred from K to S, the place of his Antipodes, and could see the star L from both [positions], the whole parallax would be the angle SLK, arising from the diameter KS; so, the Earth being transferred from B to C, on account of the whole diameter BC, the Parallax of the annual orb, adequately taken, comes out [to be] BFC. Yet, for the distinction of either opinion, we shall set down in the following Table both the angle AFB and the angle CFB, and its quantity elicited from the following given sides AB and AF — the first of which we took from bk. 3, ch. 7, and the second from bk. 6, ch. 7, where also we adduced the authors of the distances and their places.


[Translator's note — the engraved table is full-width. "Distances in Earth-semidiameters": AB = the Sun's distance from the Earth (= the semidiameter of the annual orb); AF = the Fixed stars' distance from the World's center. "Semiparallax (angle AFB)" and "Parallax (angle CFB = 2×AFB)" are given in degrees (G.), minutes (′), and seconds (″). The upper group are asserters of the Earth's immobility; the lower (bracketed "Copernicans") posit vastly greater stellar distances.]



TABLE OF THE MAXIMUM PARALLAX OF THE ANNUAL ORB




	Authors of the Distances
	Sun from Earth (side AB)
	Fixed stars from World-center (side AF)
	Semiparallax (angle AFB)
	Parallax (angle CFB)





	Ptolemy
	1126
	20,220
	3° 11′ 34″
	6° 23′ 8″



	Albategnius
	1068
	19,000
	3° 13′ 20″
	6° 26′ 40″



	Tycho
	1120
	14,000
	4° 35′ 30″
	9° 11′ 0″



	Ourselves [Riccioli]
	7300
	100,000
	4° 10′ 30″
	8° 21′ 0″



	— Copernicans: —
	
	
	
	



	Kepler
	3469
	60,000,000
	0° 0′ 12″
	0° 0′ 24″



	Lansberg
	1498½
	41,958,000
	0° 0′ 7⅓″
	0° 0′ 15″



	Galileo
	1208
	13,046,400
	0° 0′ 20″
	0° 0′ 40″



	Hortensius
	1498½
	10,312,227
	0° 0′ 30″
	0° 1′ 0″



	Herigone
	1200
	1,440,000
	0° 3′ 0″
	0° 6′ 0″






[…continues on p. 452 (PDF 487) with the catchword "Aduer-" (Aduertendum) — an observation on the Table, and the first of the three parallax-arguments in form.]





(printed p. 452 — within Chapter XXVIII: after noting Lansberg's shifting parallax figures, Riccioli tabulates how far each author must place the fixed stars so the full annual parallax stays under a detectable 10 seconds, and shows that even Sirius approached by the whole orb-diameter would grow imperceptibly. Then the first formal argument: were the Earth moving, a sensible parallax would appear in the fixed stars' meridian altitudes after three or six months, yet neither Tycho nor Riccioli ever found any. Kepler's response is stated and Riccioli begins listing its four faults, continuing on p. 453.)




[Header: BOOK IX. SECTION IV.]



But it must be Observed that Lansberg formerly, together with Hortensius, admitted a Parallax of the annual orb in the Fixed [stars] of 30″ (that is, really a semi-parallax), as though detectable by no observations; but afterward, in the Uranometria (bk. 3, element 7), he reduced it to 7″ 22‴; wherefore, doubling it (as is fitting), the whole parallax becomes 14″ 44‴, or nearly 15″.


[Margin: The distance of the Fixed stars to be asserted, lest the Parallax of the annual orb become greater than 10 Seconds.]



[IV.] Besides the knowledge of the aforesaid parallax — because we judge that, by our Instruments rightly applied, a difference in the altitude of the stars can be detected which is not less than ten Seconds — it pleases [us] to investigate how great a distance of the Fixed [stars] from the World's center the Authors must establish, if they wish so great a parallax of the Annual Orb [as is] possible not to exceed 10″ — that is, [if they wish] the said angle CFB to be 10″, and AFB 5″, the side AB (the distance between the Sun and the Earth) being posited as great as each of the below-written Authors supposes. Which we shall easily accomplish by the analysis of the said triangle ABF (right-angled at A), in which AB is given, and the opposite angle AFB is assumed [to be] 5″. Therefore, by [proposition] 7 of Plane Right-angled Triangles, we shall find how great the distance of the Fixed [stars] AF must be. Let, then, the below-written table [be set down]:

[Given the angle AFB = 5″ and CFB = 10″; AB and AF in Earth-semidiameters]




	Authors of the Distances
	Sun from Earth (AB)
	Fixed stars from World-center (AF)





	Copernicus
	1150
	47,439,800



	Kepler
	3469
	142,746,428



	Galileo
	1208
	49,832,416



	Lansberg
	1498½
	61,616,122



	Hortensius
	1498½
	61,616,122



	Boulliau
	1460
	60,227,920



	Herigone
	1200
	49,502,400



	Wendelin
	14,656
	604,589,312



	Ourselves [Riccioli]
	7300
	301,146,419






[Margin: There is no sensible diversity in the apparent magnitude of the Fixed stars on account of the Annual-orb Parallax.]



[V.] It remains to inquire how much larger a Fixed star of the first magnitude — such as is Sirius — would appear, if the Earth approached it by the whole diameter of the annual orb, and such a star were imagined to be in the Ecliptic, the minimum distance of the Fixed [stars] from the World's center being posited which some Copernicans posit — namely 1,440,000 terrestrial semidiameters, as great as Herigone posits. But the apparent diameter of Sirius is only 18″, as we taught (bk. 7, sect. 6, ch. 11, in the first table). Let, then, in the following figure, AC be the distance of Sirius from the world's center C, and the apparent semidiameter of Sirius [be seen] under the angle ACB of 9″. For, the tangent CB and the semidiameter AB being drawn, there is given, in the triangle ABC (right-angled at the contact B), the Base AC, 1,440,000, and the adjacent angle ACB, 9″; from which, by the first [proposition] of these Triangles, the true semidiameter of Sirius is gathered [to be] 62 738/1000 terrestrial semidiameters. Now let the eye approach the star, so that Sirius is distant from the eye C by the interval CP — namely 1,437,600 semidiameters (2400 being subtracted, as many as Herigone gives to the diameter of the annual orb, from the 1,440,000 semidiameters — although, on the Copernican hypothesis, only the semidiameter should be subtracted, unless, instead of distances from the World's center, distances from the earth's center be taken); and let DP be 62 738/1000. For in the triangle PDC (right-angled at D), there will be found, by the Second [proposition] of plane right-angled triangles, the angle PCD, 9″ 2‴; wherefore the whole apparent diameter of Sirius will be 18″ 4‴, and so, on account of the said approach, not greater than [by] 4‴ — which difference is utterly unobservable. How much less observable, then, will it be in other smaller stars, both outside the Ecliptic and more distant from the world's center? These [things] being prepared, let us come to the Arguments.


[Engraved figure (#42) — the Sirius-approach triangle. A small circle (Sirius) stands at the top, marked B and A (A its center, B the point where the tangent from C meets it); inside the circle, lower, are the points D and P. From the far lower vertex C, two long lines rise to the star-circle — the tangent C–B and the line C–P (through D) — forming a tall, extremely narrow isosceles triangle whose apex-angle at C is the few-arcsecond angle subtended by the star, illustrating that even the whole annual-orb approach changes Sirius's apparent size by only 4‴.]



I. Argument, from the Parallax of the Annual Orb in the Altitude of the Fixed stars


[VI.] If the Earth were moved in the Annual Orb, some sensible parallax would be observed in the meridian altitude of the Fixed [stars], after three or six months, in the same Horizon, taken by great instruments exactly made and applied. But no such parallax has hitherto appeared. Therefore the Earth is not moved in the Annual Orb.

[Margin: Proof of the Major.]



The Major seems proved from the Trigonometric calculation, and the table at the end of number 3, at least for stars at the pole of the Ecliptic, or placed not far [from it] — of which kind is the star in the bend of Draco, while in the other hemisphere there is a star in the breast of the fish Dorado. It can moreover be proved from Sirius, which we have observed in the Meridian more than once — a little after the autumnal Equinox, in the morning at sunrise; and a little after the vernal Equinox, in the evening at sunset; for so great is the brightness of this star that even for about one quarter-hour before sunset, or after sunrise, it can be seen in a clear sky, and its distance from the Sun observed, as well as its meridian altitude. Now let Sirius be at L, in the figure set out at number 1 [fig. #41], and its Southern latitude GL — that is, the angle GAL — [be] 39° 32′ 58″ (from what was said in bk. 6, ch. 24). Let, then, according to Herigone, AB be 1200 terrestrial semidiameters, and AL 1,440,000. For from these and the comprehended angle BAL of 39° 32′ 58″, there comes out, by [proposition] 3 of Plane Oblique-angled Triangles, the angle ALB, 1′ 50″; wherefore the whole parallactic [angle] CLB is, very nearly, 3′ 40″. Now let the Pole star be at V, whose latitude EV — that is, the angle EAV — is 66° 2′; and in the triangle CAV, besides the said angle, let there be given (as above) AC, 1200, and AV, 1,440,000 terrestrial semidiameters; for there will be found the angle AVC, 2′ 38″, and BVC, nearly 5′ 16″. So great, then, a parallax in the altitude of these stars would appear, if they could be observed in the Meridian from the earth transferred from B to C, through the whole diameter BAC. But if the Keplerian distances be taken — AB 3469, and AL (or AV) 60,000,000 — there comes out ALB 8″, and CLB 16″ nearly; but AVC 12″, and CVB 24″ nearly.


[Margin: Proof of the Minor.]



The Minor is proved, because neither we, in the altitude of Sirius, nor we, or Tycho, in the altitude of the Pole star, detect so great a parallax. Indeed Tycho, in the year 1586, observed at midnight the maximum meridian altitude of that star after the autumnal Equinox; but in the years 1577, 1581, 1586, and 1589, after the winter Solstice, he observed toward morning the minimum, and after evening the maximum, altitude of the same; and from all these observations he found always the same distance of it from the world's pole — indeed, in the year 1586, from the Equinoctial and the winter observation, he found it [to be] 2° 56′ 10″ — when he ought to have found [it] different, on account of the earth's translation made in a three-month interval; nor did he detect any parallax, not even of ten Seconds, as Longomontanus also relates (bk. 1 of the Theorica, ch. 1, p. 159). Which Kepler too (bk. 4, Epitome of Copernican Astronomy, p. 493) confirms, saying of Tycho: He observed the maximum altitude of the pole star (which in this age is in the 7th [degree] of Aries) in the year 1586, at midnight after the autumnal equinox, and it was 58° 51′; he observed the same also around the winter Solstice, on 26 December, in the evening about the 6th hour, and found again 58° 51′; and so there was no difference — although in September the horizon would cut the sphere of the Fixed [stars] lower by almost the whole semidiameter of the orb in which the earth is carried, than on 26 December (since there the Sun appeared in Libra, here in Capricorn). The same happened also when the minimum altitude was observed at midnight, after the vernal Equinox, and after the winter Solstice in the morning at the 6th hour; for in both there were found 52° 59′ 30″ — although in March the horizon would cut the Fixed [stars] higher by almost the whole semidiameter of the orb in which the Earth [is carried], than in December. Therefore that diameter of the orb in which the earth is carried is not sensible through the Brahean instruments.


[Margin: Kepler's 1st response, faulty.]



[VII.] Kepler would respond, first (same p. 493), by denying the Major, because from his distances there does not follow a parallax of the annual orb greater than 12″ — which, he denies, can be perceived by any diligence of the craftsmen, especially since the diameter of the pole star seems to equal at least one minute [60″], and one ought not to trust the craftsmen's diligence concerning the fifth part of one minute [12″]. But this response labors under four faults: First, he estimates the parallax [as] 12″ from the semidiameter alone of the annual orb, whereas the whole parallax, to be estimated from the diameter, is 24″ (as is clear from the table at number 3, premised). Secondly, the apparent diameter of the Pole star is only…


[…continues on p. 453 (PDF 488) with the catchword "tum-" (tan-tum-modo) — "…only 7″ 54‴, or at most 8″," completing the second of Kepler's four faults.]





(printed p. 453 — within Chapter XXVIII: the responses to Argument I conclude — Kepler's remaining faults, Hortensius's flawed 30-second concession, and Mästlin's and Herigone's per-accidens excuses, all judged insufficient. Riccioli then gives his own response denying the Major: on truly Copernican distances all parallax vanishes, and the geometry of the Earth's position defeats the three-month and Sirius observations. Argument II, from annual-orb parallax in Sirius's distance from the Sun (with Grimaldi's 180-degree variant), is stated and answered — the acute/obtuse difference arises from Sirius's place relative to the colure, not the Earth's motion.)




[Header: DE SYSTEMATE TERRÆ MOTÆ — 453]



…only 7″ 54‴, or at most 8″, by our corrected observations (handed down in bk. 7, sect. 6, ch. 11, in the first table). Thirdly, even if this diameter were of one minute, nevertheless threads can be erected at the center of an Astronomical quadrant so subtle that through them one may collimate [sight] upon the very center of the star, and its disk be bisected by them. Fourthly, he does injury to his own Tycho, who in his Mechanica often asserts that he observed the altitudes of the Sun and the Fixed [stars] up to a difference of ten Seconds, or the sixth part of one minute.


[Margin: Hortensius's 2nd response, faulty.]



[VIII.] Hortensius responds, secondly (in the dissertation with Gassendi On Mercury seen under the Sun), by denying the Minor; for he admits a parallax of 30″, but denies that this can be evidently perceived by any instruments. But his response too errs doubly. First, that parallax was deduced by him from the semidiameter alone of the annual orb; but from the whole diameter it comes out [to be] 60″, that is, of a whole minute. Secondly, he too does injury to Tycho and the other more diligent Astronomers of this age, who descend, in observing the stars' altitude, at least to tens of Seconds.


[Margin: Mästlin's and Herigone's 3rd response, insufficient.]



[IX.] Mästlin responds, thirdly (in the addition to the First Narration of Rheticus, p. 114), and Pierre Herigone (vol. 5 of the Mathematical Course, p. 615), by denying the Major. For although the parallax per se from the annual orb is so great that, if the same star could be beheld in the Meridian or the same vertical by the same observer (remaining in the same Horizon) by two observations after a six-month interval, it would be 3′ near the pole of the Ecliptic (as Herigone concedes), or 2′ or 3′ in stars rising or setting around midnight (as Mästlin admits) — yet per accidens it is unobservable: either because of the horizontal refractions of rising or setting stars, or because, if a star once appears at night in the Meridian, after six months it cannot appear in it (the daily light of the Sun obstructing); and after three months that parallax is much smaller — 2′ or 3′, and so, for [its] smallness, not evidently sensible. But this response too, unless something else be added, is insufficient, at least as regards stars observable in the Meridian. First, Sirius, the Sun not obstructing, is observable after six months in the same Meridian in which it was previously observed, as I said in the proof of the Major. Secondly, that very parallax which Herigone admits would occur after 6 months is — by his distances — of nearly three Minutes, since [it is] estimated from the semidiameter; for that which [is reckoned] from the whole diameter would be 6 minutes, as is clear from the table of number 3. But who would deny that a parallax of 3 Minutes can be perceived, on account of its smallness — unless [he be] most unskilled in Astronomical observations?


[Margin: Our 4th response.]



[X.] It is responded, therefore, fourthly, by denying the Major. First, indeed, because Copernicus wishes so great a distance of the Fixed [stars] to be assumed that all parallax of the annual orb vanishes — even if this interval had to be increased [from] finite toward infinite. And although the Major militates against Herigone, and nearly against Mästlin and Hortensius (especially in [the case of] Sirius, which some of them thought could not be observed in the Meridian once and again after six months) — yet against the other Copernicans in the table of number 3, and much less against Kepler, it does not so militate; because that parallax, [reckoned] so great from the whole diameter of the annual orb according to their distances, cannot be accommodated except to stars established at the pole of the Ecliptic — none of which can be seen once, and again after six months, in the Meridian, the Sun's brightness obstructing one of these observations. But Sirius, which can be seen twice at the extremes of about six months, is so far distant from the pole of the Ecliptic that the parallax of the annual orb, from Kepler's distances, does not come out greater than 16″. And what, in the pole star, would reach 24″, is not observable, the Sun's light obstructing one of the observations. But the distance of these and of all Fixed [stars] from the Ecliptic pole, like [their] latitude, is invariable. Secondly, because that Parallax which, per se, after a three-month interval would be observable in other Fixed [stars] visible at night in the Meridian — if the Earth's center ran from N to A through the very diameter of the Annual Orb — nevertheless cannot be observed, because the Earth's center is transferred through the periphery of the annual orb from C to D; in which situation the diameter or semidiameter of the Annual Orb cannot fall into the plane of the Meridian, and so a triangle cannot be formed in which the parallactic angle is made; nothing, therefore, [is] wonderful if, after three months, no parallax of the annual orb or semi-orb can be observed — on this hypothesis of a moving Earth equally. Thirdly, because not even the said Parallax of Sirius itself is observable, for another cause: namely, that when it appears in the Meridian at sunrise or sunset, the Sun appears to the Earth under the Equinoctial points (or near), not under the Solstitial points; and on the Copernican hypothesis the Earth is at, or near, the Equinoctial points — in which situation the diameter of the annual orb through the earth's center is in a plane most diverse from (and such as is) the plane of the Meridian; for it is in the plane of the Horizon, and cuts the Meridian plane nearly at right angles. Wherefore a triangle cannot be formed upon it, in which the Meridian altitude and its parallax is made.

II. Argument, from the Parallax of the Annual Orb in the Distance of Sirius from the Sun


[XI.] If the Earth were moved through the Annual Orb, some Parallax of the Annual Orb would appear in the distance of Sirius [measured] from the Sun — taken once at sunrise, and again after 6 months at sunset. But none appears. Therefore, etc.



The Major is proved, the figure premised at number 1 [fig. #41] being resumed — in which, however, let EFG be a great circle drawn through the Equinoctial points (which here let be imagined G and E) and through the center L of Sirius. For since [Sirius] is seen not only at sunrise or sunset (the Sun being at, or near, the equinoctial points), but also somewhat after sunrise and before sunset, its distance from the Sun can be taken. Let, then, AF be the colure of the Solstices, and Sirius at L: for when the Sun A rises to the eye O, near the autumnal Equinox, [Sirius] will appear distant from the Sun by the acute angle AOL; but when, near the vernal Equinox, the Sun sets to the eye I, Sirius L will appear distant from the Sun by the obtuse angle AIL (supply what is lacking in the figure). Therefore the difference between the said angles will be the parallax arising from the annual orb. The Minor is proved by experiment, because no such parallax in fact appears in the distance of Sirius from the Sun.

Otherwise Fr. Francesco Maria Grimaldi proves the same Major: namely, because if the earth is at A, the distance of Sirius from the Sun B — [measured] at the rising [Sun] at the point of the Autumnal Equinox, observed by the angle BAL — together with the same distance of Sirius from the Sun, but at the setting [Sun] in C, at the point of the Vernal Equinox, observed by the angle CAL, will complete two right angles, or 180° (by [proposition] 13 of the first [book] of Euclid). But if, the Sun being immovable at A, the earth — placed now at B — observe the distance of Sirius from the Sun by the angle LBA, and now at C observe the same by the angle LCA, these two distances will not complete 180°, but the quantity of the parallactic angle BLC will be lacking.


[Margin: Response to Argument 2.]



[XII.] I respond by denying both the Minor and the sequel of the Major: for that diversity of the obtuse and acute angle does not arise from the motion of the Earth through the annual orb, but from the distance of Sirius from the colure of the Solstices — which Sirius, in this age, is nearer to the autumnal Equinox than to the vernal; whence it comes about that, whether the Earth move through its annual orb, or the Sun through its own annual [orb], [Sirius] ought to appear distant from the Sun (rising at the autumnal Equinox) by an acute angle, and at the vernal Equinox (the Sun setting) by an obtuse angle. But if Sirius were at F, the point of the colure of the Solstices, it would appear — on the hypothesis of the Earth both moving and resting — distant from the Sun, at either Equinox, by the right angle AIF and AOF, formed by one line tending straight from the eye to the center of Sirius, and by the other, which would be the tangent to the earth at the point of the eye (and the same would be the physical Horizon, in which the Sun's center would rise or set to the eye O and I). To say nothing meanwhile of the variety of Solar refractions at the horizon, which could disturb the evidence of this parallax, even if it were otherwise sensible per se — although Copernicus would avoid this sensibility by increasing the distance of the Fixed [stars] to infinity. And hence likewise comes the response to the other proof of the Major [Grimaldi's]: because, namely, on account of the immense and free distance of the Fixed [stars], the lines AL, BL, CL would all turn out parallel, and so the angles at A, B, C would appear equal; besides that, that observation is too slippery, and it can scarcely happen that at the Sun's rising and setting an Equinox occurs.


[…continues on p. 454 (PDF 489) with the catchword "III. Ar-" (III. Argumentum) — the third parallax-argument.]





(printed p. 454 — the third parallax-argument, from variation in the fixed stars' apparent magnitude, closes Chapter XXVIII: even Sirius at the least Copernican distance would vary by an unobservable four thirds of a second. Chapter XXIX opens with three arguments against the annual motion from the excessive distance of the fixed stars and the bulk of the eighth sphere, beginning a review of opinions on that distance. The first two Copernican opinions are given: Aristarchus (via Archimedes' Sand-Reckoner) and Mästlin, whose figures Riccioli calls inconstant.)




[Header: BOOK IX. SECTION IV. — 454]



III. Argument, from the Parallax in the apparent Magnitude of the Fixed stars


[XIII.] If the Earth were moved through the annual orb, a great diversity would appear in the apparent diameter of the Fixed [stars]. But none appears. Therefore, etc.

[Margin: Response to Argument 3.]



It is responded by denying the Major: because not even in Sirius would the diversity be greater than 4‴ — even if Sirius were supposed to be in the Ecliptic (as was shown at number 5), and the stars were distant from the World's center by not less than 1,440,000 terrestrial semidiameters (as Herigone posits); but a little difference of 4‴ is evidently observable by no instruments. How much less [observable], if the star were far from the Ecliptic, or the Keplerian distance of the Fixed [stars] were assumed, or as great [a distance] as Copernicus allows — who allows so great [a one] in his hypothesis that every difference of this kind comes out utterly insensible. But that in the Planets — especially in Mars and Venus — a notable diversity of apparent magnitude is seen, is no more an argument of these Planets approaching the unmoved Earth than of the Earth moved and approaching them.


✠ [Chapter XXVIII ends here.]






Chapter XXIX, Three Arguments are proposed against the Annual motion of the Earth, taken from the excessive Distance of the Fixed stars, and the magnitude of the Eighth Sphere. Where the opinions concerning their Distance, from the various hypotheses of the Copernicans, are reviewed together with their foundations.

[I.] From number 4 of the preceding chapter it is established that, if the parallax of the Fixed [stars] arising from the annual Orb of the Earth must be unobservable — or at least not exceeding 10 Seconds — it is necessary that the distance of the Fixed [stars] be greater than 47,000,000 terrestrial semidiameters, as is gathered from the table set down in that same place. But from so great a distance it follows that between Saturn and the Fixed [stars] there is an incredible space, and that the sphere of the Fixed [stars] is of an immense bulk, exceeding almost all belief. But because, in reckoning the magnitude of each, different [authors] suppose different things, I judge that the chief opinions are here to be rehearsed — both those of the Copernicans themselves, and of others, and our own.

Opinions of the Copernicans.


[Margin: 1. Opinion of Aristarchus of Samos.]



[II.] The first and most ancient Opinion was that of Aristarchus of Samos, who, although he said that the annual orb (through which he supposed the Earth to be carried round) is, with respect to the sphere of the Fixed [stars], as a point or center — yet is to be taken in that sense in which the Cosmographers are wont to say that the Earth, with respect to the heaven, is as a point (namely, to sense); and so Archimedes kindly interpreted him at the beginning of the Sand-Reckoner: where, having said that it is impossible for the annual orb of the Earth to be as a center with respect to the sphere of the Fixed [stars] — since a center is nothing, or has no proportion at all to a sphere — he subjoined: But it must be granted that Aristarchus understood this: namely, since we think the Earth to be established about the center of the world, he judged it must be laid down (the demonstrations being taken from the Phenomena) that what proportion the Earth has to the World [as we] have called it [i.e. to the annual orb], the same analogy the sphere of the circle carrying the Earth round has to the sphere of the Fixed stars. Moreover the "World," which Archimedes had a little before described, is the annual orb of the Sun itself; for he had said: But you are not ignorant that "World" is called by many Astrologers indeed a sphere, whose center is the center of the Earth, and [whose] Radius is equal to the straight line which lies between the center of the Sun and the center of the Earth.


[Margin: Aristarchus's view on the distance of the Sun.]



Wherefore, by Archimedes' interpretation, Aristarchus thought the proportion between the annual orb and the orb of the Fixed [stars] to be that which is between the Earth and the annual orb. It is needful, then, to find this proportion according to Aristarchus's view. Now Aristarchus, in the book On the Sizes and Distances of the Sun and Moon, proposition 7, demonstrated this Theorem: The distance by which the Sun is distant from the Earth is greater indeed than eighteen-fold the Lunar distance from the Earth, but less than twenty-fold — which is to say that it is to the Lunar distance as 19, very nearly, to 1. To which Plutarch (bk. 2 On the Opinions of the Philosophers, ch. 31) and Pliny (bk. 2, ch. 21) allude, saying: Many have tried also to track out the intervals of the heavenly bodies from the Earth, and [have] given out that the Sun is distant from the Moon nineteen parts [of] as much as the Moon itself [is] from the Earth. Now the Moon is distant from the earth, according to the Ancients, [by] 64 terrestrial semidiameters, which, multiplied by 19, make the Sun's distance — that is, the semidiameter of the Annual Orb — 1216 terrestrial semidiameters; and just so many are the diameters of the earth in the diameter of the annual orb. But of this number 1216, multiplied into itself, the Square number is 1,478,656; which, multiplied again by 1216, makes the Cubic number 1,788,045,696; but one cube of the diameter of the Earth is unity, or 1. Aristarchus thinks, therefore, that the sphere of the Fixed [stars] contains the annual orb nearly 1,800,000,000 times; and that the semidiameter of the annual orb is to the semidiameter of the sphere of the Fixed [stars] as the semidiameter of the Earth is to the semidiameter of the annual orb. Let it be made, then, as 1 to 1216, so 1216 to another, and there will come forth the semidiameter of the orb of the Fixed [stars] [as] 1,478,656 terrestrial semidiameters. Which proportion Mästlin too admits, among others, as we shall presently see.


[Margin: 2. Opinion of Mästlin.]



[III.] The second Opinion is that of Michael Mästlin, in the additions to the First Narration of Georg Joachim Rheticus, p. 114, where he does not hesitate to admit, in the Fixed stars rising or setting at about midnight, a horizontal parallax of two or three Minutes — which, however, in that situation he denies can be observed, the horizontal refractions absorbing it; and he adds that, for the Copernican hypothesis, it is not required that the distance of the Fixed [stars], compared with the distance of the Sun from the Earth, vanish utterly, but only that it vanish to the sense and judgment of the eyes — that is, that the parallax cannot be observed; and that it neither contradicts Copernicus, nor [does] any absurdity follow, if the distance of the Fixed [stars] from the center of the universe contain the supreme distance of Saturn from the same center seven-hundred-fold and more — Saturn's distance being assumed from Tycho [as] 12,900 terrestrial semidiameters — and so [if] the distance of the Fixed [stars] contain 9,030,000 terrestrial semidiameters, namely 12,900 multiplied by 700. But a little after he says: No one, therefore, can be convicted of any absurdity, who does not hesitate to assert that the proportion of the distance of the fixed [stars] from the World's center, to the [proportion of the distance of Saturn], at the least equals the proportion of the distance of the Sun from the Earth — that is, [equals] the semidiameter of the Great Orb — and that on that account the Orb of the Fixed [stars] can even thus be called like the infinite: which very thing we taught that Aristarchus held, at number 2. Now the mean distance of the Sun from the Earth, by what was said in bk. 3, ch. 7, is for Mästlin 1160 terrestrial semidiameters; wherefore, if it be made as 1 to 1160, so 1160 to another, there will come forth the distance of the Fixed [stars] [as] 1,345,600 terrestrial semidiameters. But below, on the same page, he has thus: Therefore it is beyond doubt that Copernicus looked to the judgment of the eyes, not to the universal exclusion of all parallax: since, for the demonstrations of the motions, that removal of the starry orb suffices on account of which — and up to which — the magnitude of the Great Orb cannot be discerned by the eyes. But that removal, indicated in the said manner, and weighed according to all the circumstances, it is altogether most probable [to be such] that, even if it do not exceed the supreme altitude of Saturn seven-hundred-fold, yet it equals [it] a hundred-fold or two-hundred-fold. Since, therefore, he there says that the supreme distance of Saturn from the world's center is raised to 12,900 terrestrial semidiameters, and that so great [a one], or not less, is established from the Astronomical demonstrations, it follows that the most probable distance of the Fixed [stars] from the World's center, according to his opinion, is either 1,290,000 or even 2,580,000 terrestrial semidiameters. Finally, elsewhere he sets nearly the same distance that Galileo [sets], namely 13,046,400 terrestrial semidiameters — so inconstantly did he bear himself in this matter, as the numbers below written show; yet among these he seems to have rested in the mean…


[…continues on p. 455 (PDF 490) with the catchword "quæ" — "…which, namely, contains Saturn's distance two-hundred-fold; that is, the [distance] which has 2,580,000 terrestrial semidiameters."]





(printed p. 455 — within Chapter XXIX, the review of opinions on the fixed-stars' distance continues through the third to ninth opinions. Mästlin's figures are tabled; then Kepler (settling on 60,000,000 Earth-radii), Lansberg and Hortensius, Galileo, Herigone, and Gassendi (who later piously abandoned Copernicanism) among the Copernicans. Under the non-Copernicans, Magini and Tycho (about 7,850,000 Earth-radii) and Longomontanus, whose computation is begun.)




[Header: DE SYSTEMATE TERRÆ MOTÆ — 455]



…the mean — which, namely, contains Saturn's distance two-hundred-fold; that is, that [distance] which has 2,580,000 terrestrial semidiameters.


[Engraved table:]






	Distance of the Fixed stars from the World's center, admitted by Mästlin, in semidiameters of the Earth





	1,290,000



	1,345,600



	2,580,000



	9,030,000



	13,046,400






[Margin: 3. Opinion of Kepler.]



[IV.] The third Opinion was Kepler's, in the book On the New Star in Serpentarius, ch. 16, where to the Sun's semidiameter he gives 6 terrestrial semidiameters, and to the distance of the Earth from the Sun 1432 terrestrial semidiameters, and to the distance of Saturn the tenfold of this, namely 14,320; and he says it is probable that Saturn's distance is the mean proportional between two immovables — that is, between the Sun, mover of the Planets, and the sphere of the Fixed [stars]; wherefore he makes [it] as 6 to 14,320, so 14,320 to 34,077,066⅔ terrestrial semidiameters, and there he established so great a distance of the Fixed [stars]. But in the Epitome of Copernican Astronomy, bk. 4, pp. 479, 485, and 492, he chooses the Sun's semidiameter [as] 15 terrestrial semidiameters, and its distance from the Earth [as] 3469 terrestrial semidiameters, and Saturn's distance [as] 30,000 terrestrial semidiameters. Accordingly, the same proportion (of which above) being retained, he makes [it] as 15 to 30,000, so 30,000 to 60,000,000 terrestrial semidiameters — in which distance of the Fixed [stars] he rests.


[Margin: 4. Opinion of Lansberg and Hortensius.]



[V.] The fourth Opinion was that of Lansberg formerly (in the commentaries On the Motion of the Earth), and of Martin Hortensius (in the dissertation with Gassendi On Mercury seen under the Sun, and Venus), who reckoned that the parallax of the Fixed [stars] made by the annual orb could reach to 30 Seconds, without evident inconvenience to the observations; from which, and from the semidiameter of the annual orb [of] 1498½ terrestrial semidiameters, by the rules of right-angled triangles, they gathered the distance of the Fixed [stars] [to be] 10,312,227 terrestrial semidiameters. But that parallax seemed afterward to Lansberg too great; wherefore (bk. 3 of the Uranometria, element 7) he makes [it] that, as the periodic time of one revolution of the Earth through the annual orb (that is, as one year) to the radius of its orb [of] 10,000, so the periodic time of the revolution of the Fixed [stars] (which he establishes [as] of 28,000 years) to the radius of the sphere of the Fixed [stars] [of] 280,000,000. Wherefore, since the radius of the annual orb is, for Lansberg, 1498½ terrestrial semidiameters, if it be made as 10,000 to 1498½, so 280,000,000 to another, there will arise the distance of the Fixed [stars] [as] 41,958,000 terrestrial semidiameters. Hence he concludes that the ancient and more recent Astronomers erred by the whole heaven, who made one heaven out of two — since between the Planetary heaven and the heaven of the Fixed [stars] there is a vast gap; and, just as the Sun is the center of the Planetary sphere, so the whole sphere of the Planets is, as it were, the center of the sphere of the Fixed [stars].


[Margin: 5. Opinion of Galileo.]



[VI.] The fifth Opinion was Galileo's, in the 3rd dialogue On the System of the World, in which (Latin p. 244, Italian 323) he does not disapprove of Simplicius saying that it is more probable that not all the Fixed [stars] are equally distant from the World's center, but that some are higher than others, and that an innumerable multitude of them is contained between two surfaces — one convex, the other concave — distant from each other by a great gap; which very thing he confirms (Latin p. 284). But (Latin p. 270, Italian 357) he determines the distance of the Fixed [stars] from the proportion of the periodic revolution of the Fixed [stars], which he takes from Ptolemy [as] 36,000 years. Therefore, since the conversion of the Sun (or Earth) is completed in one year, and Saturn's in 30 years — and Saturn's distance is nine times higher than the Earth, as he thinks — he argues thus: If Saturn's orb, since it is nine times greater than the Sun's orb, revolves in a thirty times greater time; then, by the inverse ratio, the orb (or distance) of the Fixed [stars], since it revolves 36,000 [times] more slowly, ought to be [of] 10,800 semidiameters of the Great Orb. By which reckoning this distance turns out fivefold greater than that which he had a little before computed from the hypothesis that a Fixed star of the sixth magnitude equals the Sun — namely (Latin p. 266, Italian 351), where he had deduced the distance of the Fixed [stars], from that supposition, [as] not greater than 2160 semidiameters of the Great Orb; and there he had said that the distance of the Sun from the earth is, by the consent of all, 1208 terrestrial semidiameters. Multiplying, therefore, 10,800 by 1208, there result 13,046,400 for the distance of the Fixed [stars] from the World's center.


[Margin: 6. Opinion of Herigone.]



[VII.] The sixth Opinion is Pierre Herigone's, who (vol. 5 of the Mathematical Course, p. 618) assumes the distance of the Sun from the Earth [to be] 1200 terrestrial semidiameters; and (p. 615) supposes the proportion of the semidiameter of the Earth to the semidiameter of the annual orb to be the same as [that] of the semidiameter of the annual orb to the semidiameter of the Firmament; wherefore, if it be made as 1 to 1200, so 1200 to another, the distance of the Fixed [stars] comes out [as] 1,440,000 — from which he gathers a parallax of 2′ or 3′.


[Margin: 7. Opinion of Gassendi.]



[VIII.] The seventh Opinion is Pierre Gassendi's (2nd letter On impressed motion transferred from a mover), asserting that, on the Copernican hypothesis, such a vastness of the World must be conceived that the whole sphere of the heaven of the Planets, seen from the Fixed [stars], would appear as a single star — in the manner in which to us the cluster of Jupiter and the Jovian stars appears [as] a single Planet; or at least so that the whole annual orb, seen from the Fixed [stars], would appear as a point, or as the least of the tiny little stars. Assuming, therefore, the semidiameter of the annual orb [as] 1150 terrestrial semidiameters (which he does not disapprove in Tycho, bk. 2 of the Astronomical Institution), and the apparent semidiameter of the smallest of the Fixed [stars] visible to the naked eye — which (bk. 6, ch. 11) we established to be not [more than] two Seconds, since the little star Alcor has, in apparent diameter, only 4″ 24‴ — from this angle, I say, and the side opposite to it [of] 1150 semidiameters, by the problem handed down in the preceding chapter, number 5, it follows that the distance of the Fixed [stars] is 118,602,274 terrestrial semidiameters.


[Margin: Gassendi once, but not afterward, a Copernican.]



But I have reckoned Gassendi among the favorers of the Copernican sect, because in truth he long favored it, before he had seen the decrees of the sacred Congregation — which, once seen or heard, he piously and prudently acquiesced in, as is clear from the end of the same letter.

Opinions of non-Copernicans, but [of those] differing from the Copernican Hypothesis.


[Margin: 8. Opinion of Magini. And of Tycho.]



[IX.] The eighth Opinion was that of Giovanni Antonio Magini, who (bk. 11 of the Primum Mobile, Problem 29) has these words: That we may leave aside the opinion of Copernicus asserting that between the sphere of Saturn and the Eighth [sphere] there is so immense a vastness that the Eighth sphere is removed from the Earth by at least 7,850,000 semidiameters. Which number, however, is nowhere found in Copernicus. But whether Tycho drew the number hence, or Magini from Tycho, I do not know. Certainly Tycho, in the letter given to Rothmann in the year 1589, November 24, old style, p. 167, has these words: Concerning the other, Annual motion of the Earth — which would remove the Eighth sphere so greatly that the Orb which this would describe vanishes with respect to it — set forth whether it here seems probable to you that the space which is from the Sun (then the center of the universe) to Saturn is contained more than 700 times between this [Saturn] and the sphere of the Fixed [stars]; and that the whole [is] filled with no stars? But this must necessarily be so, if at least the Annual Orb of the Earth will appear as one Minute. Nay, then too the Fixed stars of the third magnitude, which have one minute in diameter, will necessarily be equal to this whole Annual Orb — that is, will comprehend in diameter 2284 semidiameters of the Earth: for they will be distant 7,850,000 [by] the same semidiameters very nearly. So (vol. 1 of the Progymnasmata, p. 481) he affirms [it] to follow from the Copernican hypothesis that, if the semidiameter of the annual orb must vanish at the distance of the Fixed [stars], this [distance] be 700 times greater than the distance of Saturn from the World's center.


[Margin: 9. Opinion of Longomontanus.]



[X.] The ninth Opinion, nearest to the Tychonic, is Longomontanus's (in the Astronomia Danica, bk. 1 of the Theorica, ch. 1, folio — in mine — 159), who from Tycho assumes the semidiameter of the Annual Orb [to be] 1150 terrestrial semidiameters, and [holds] that the annual orb, in order to vanish at the sphere of the Fixed [stars], ought to be of one minute, and accordingly that the semidiameter of the Annual Orb ought to subtend an angle of 30 Seconds. Let there now be repeated hither the figure set in the preceding chapter, number 5 [fig. #41]; and let the semidiameter of the annual orb in it be DP, subtending the angle DCP [of] 30″; and accordingly let the other, acute angle CPD, in the triangle CDP (right-angled at D), be 89° 59′ 30″; and let the distance of the Fixed [stars] CD be inquired by his Method, which is this: As 1,454,441 (the Right Sine of the angle DCP, [of] 30 Seconds) to the side DP [of] 1150 semidiame-…


[…continues on p. 456 (PDF 491) with the catchword "metro-" (semidia-metro-rum) — "…terrestrial semidiameters," completing Longomontanus's computation of the fixed-stars' distance.]





(printed p. 456 — within Chapter XXIX, the opinion-review finishes with Longomontanus (7,906,818 Earth-radii), Scheiner, Claramonti (nearly nine billion), and Riccioli's own twelfth opinion — a range from 47 to 604 million Earth-radii, required so that no sensible parallax appear. A synoptic Table I of all twelve opinions follows. A new comparison of the fixed sphere's bulk against the Earth, the annual orb, and Saturn's orb begins, with Table II of the three-sphere diameters.)
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…semidiameters; so [is] 9,999,999,894 (the Right Sine of the angle CPD, of 89° 59′ 30″) to CD, 7,906,818 semidiameters of the earth — namely to the distance of the Fixed [stars]; which is somewhat greater than that which Tycho deduced.


[Margin: 10. Opinion of Scheiner.]



[XI.] The tenth Opinion is that of our [own] Christoph Scheiner, in the Mathematical Disquisitions, pp. 25, 26, and 27, who — that he may remove the Fixed [stars] from every suspicion of parallax, after the mind of Copernicus — uses this proportion: As the Earth's semidiameter, 1, to Saturn's maximum distance [of] 10,872 terrestrial semidiameters, so the semidiameter of the annual Orb, 1208 terrestrial semidiameters, to the distance of the Fixed [stars], 13,133,376 terrestrial semidiameters; which [distance] he confirms is not excessive, from Tycho (bk. 1 of the Progymnasmata, pp. 480 and 481), who says that the Copernican distance of Saturn from the Earth is 12,900 terrestrial semidiameters, and that this must be multiplied more than seven-hundred-fold to have the Copernican distance of the Fixed [stars]; and so, if it be taken × 800, there comes out for Scheiner 10,320,000 terrestrial semidiameters — that is, not much less than the preceding.


[Margin: 11. Opinion of Claramonti.]



[XII.] The eleventh Opinion is that of Scipione Claramonti, in the Italian defense of his Anti-Tycho, part 4, ch. 13, where he assumes from Copernicus that the semidiameter of the Annual Orb is as a point to the semidiameter of the Firmament — so that, through a sight-line parallel to the horizon, the same Fixed [star] can be seen whether the eye be at the center of the annual orb, or on its circumference, or on the surface of the Earth — and [that] the chord subtended to the diameter of a Fixed star is at least 1105 terrestrial semidiameters (as great as is the least distance of the Sun from the earth in Copernicus). Multiplying, therefore, 1105 cubically, [it] makes 1,349,232,625 — namely the proportion of the solid area (or solidity) of such a star to the solidity of the terrestrial globe (he ought, however, to have said: to the eighth part of the Earth's solidity). But, says he, the Sun contains the Earth only 166 or 167 times; therefore such a star would contain the Sun 8,079,237 times. And since Galileo, in the dialogues (Italian p. 265), had said that the Fixed stars are not less splendid than the Sun, he concludes: if one Fixed [star] is 8,079,237 times greater than the Sun, and yet ought to illuminate only as much as the Sun, then — so that the distance be proportional to the magnitude — the distance of the Sun, which is 1105 semidiameters of the earth, must be multiplied by 8,079,237; that is, it becomes 8,927,556,885 terrestrial semidiameters.


[Margin: 12. Our Opinion.]



[XIII.] The twelfth Opinion is our own: namely that the distance of the Fixed [stars] must be so great that, the Earth being transferred through the annual orb from one point to the opposite point of the annual circumference, no sensible parallax can be observed in any Fixed stars — that is, not even in those placed in the Ecliptic itself — [no parallax of] 10 Seconds: which being posited, from the various semidiameters of the annual orb established by the Copernicans (or quasi-Copernicans) we elicited the various distance of the Fixed [stars] by the Problem handed down in the preceding chapter, number 4, where we also exhibited a table for these distances; which nevertheless we shall here repeat, that it may be compared at the same time with the distances collected from others up to this point. Behold, therefore, in the following Synopsis the aforesaid opinions.


[Engraved table — TABLE I:]






	TABLE I. The Distance of the Fixed stars deduced from the Copernican Hypothesis by various [authors], with respect to the center of the Earth or of the Universe. (in Earth-semidiameters)
	
	





	Order
	Authors
	Earth-semidiameters



	1
	Aristarchus
	1,478,656



	2
	Mästlin
	1,290,000



	
	
	1,345,600



	
	
	2,580,000



	
	
	9,030,000



	
	
	13,046,400



	3
	Kepler (in the New Star)
	34,077,066⅔



	
	— but in the Epitome of Astronomy
	60,000,000



	4
	Lansberg formerly, & Hortensius
	10,312,227



	
	Lansberg afterward
	41,958,000



	5
	Galileo
	13,046,400



	6
	Herigone
	1,440,000



	7
	Gassendi
	118,602,274



	8
	Magini & Tycho
	7,850,000



	9
	Longomontanus
	7,906,818



	10
	Scheiner
	13,133,376



	11
	Claramonti
	8,927,556,885



	12
	Ourselves, the annual-orb semidiameter posited — from Copernicus
	47,439,800



	
	from Herigone
	49,502,400



	
	from Galileo
	49,832,416



	
	from Boulliau
	60,227,920



	
	from Lansberg
	61,616,122



	
	from Kepler
	142,746,428



	
	from Ourselves
	301,146,419



	
	from Wendelin
	604,589,312





On the Bulk and Distance of the Sphere of the Fixed stars, compared to the bulk of the Earth, of the annual Orb, and of the Orb of Saturn, and to the Distance of the Sun and of Saturn.

[XIV.] Since an argument against the Copernican hypothesis can be taken not only from the distance, but also from the bulk of the sphere of the Fixed [stars] — and this bulk seems comparable chiefly to three bodies: namely to the globe of the Earth, to the Great or annual Orb (which the Ptolemaic hypothesis would call the sphere of the Solar heaven), and to the Orb of Saturn (that is, to the whole sphere including the whole system of the elements and Planets) — it is needful to draw it out from the distance of the Fixed [stars] (that is, from the semidiameter of the sphere of the Fixed [stars]), by proposition 18 of bk. 12 of Euclid's Elements (where it is shown that spheres are to one another in the triplicate ratio of their diameters), or by proposition 12 of bk. 8 of the same Elements (by which it is shown that spheres are to one another as the cubes of their diameters) — concerning which [see] more [in] us, bk. 7, sect. 6, ch. 8, problem 8. But it is not worth the trouble to employ all the distances of the Fixed [stars] just rehearsed, or their precise numbers; but it suffices to use some selected and more notable ones — partly extreme, partly middle — and their round numbers in Millions of terrestrial semidiameters. Moreover, the semidiameter of Saturn's orb we shall always make tenfold the semidiameter of the annual orb; but how great the semidiameter of the annual orb is, we have already said in the preceding chapter, in the table of number 4, and in bk. 3, at the end of ch. 7. These [things] being posited, let us exhibit in the following table the diameters of the three spheres — namely of the annual orb, of the sphere of Saturn (or the Planetary), and of the sphere of the Fixed [stars] — in parts of which the diameter of the terrestrial globe is one, that hence we may afterward draw out the proportion of the spheres.


[Engraved table — TABLE II:]






	TABLE II. The Diameters of Three Notable spheres, expressed by Earth-diameters
	Annual Orb
	Sphere of Saturn
	Sphere of the Fixed





	From the Authors
	(Earth-diam.)
	(Earth-diam.)
	(Earth-diam.)



	Aristarchus
	1216
	12,160
	1,500,000



	Copernicus
	1142
	11,420
	47,000,000



	Mästlin
	1160
	11,600
	2,600,000



	Herigone
	1200
	12,000
	1,400,000



	Galileo
	1208
	12,080
	13,000,000



	Scheiner
	1208
	12,080
	13,000,000



	Tycho
	1150
	11,500
	8,000,000



	Longomontanus
	1288
	12,880
	8,000,000



	Boulliau
	1460
	14,600
	60,000,000



	Lansberg
	1498½
	14,985
	61,000,000



	Kepler
	3469
	34,690
	60,000,000



	Ourselves
	7300
	73,000
	300,000,000



	Wendelin
	14,656
	146,560
	600,000,000



	Gassendi
	1150
	11,500
	120,000,000






[…continues on p. 457 (PDF 492) with the catchword "XV. Iam" — "Now the cubic numbers of the aforesaid numbers must be investigated."]





(printed p. 457 — within Chapter XXIX: Tables III and IV complete the bulk-computation, giving the cubes of the three-sphere diameters and how many times the fixed sphere contains the planetary sphere and annual orb on each author's figures. Riccioli notes that authors differing wildly in the orb's size still agree on these ratios. The first of the chapter's three arguments then begins — Scheiner's argument from the immensity of the fixed-star sphere, supported by a faithful rendering of Archimedes' Sand-Reckoner account of Aristarchus.)
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[XV.] Now the cubic numbers of the aforesaid numbers must be investigated, which is done by multiplying them by themselves, and again multiplying the product by the first number. So 1142, multiplied by 1142, make this square number, 1,304,164; which, again multiplied by 1142, makes the cube or cubic number, 1,489,355,288.


[Margin: A warning for the following table.]



For which, nevertheless, we shall put in the following table the two leading initial [digits] — namely 15 — with 8 ciphers, that from these round numbers a sufficient judgment may more quickly be made concerning the bulk of the Sphere of the Fixed [stars] compared with the bulk of the spheres of the annual Orb and of Saturn. Moreover, to the initial numbers we shall not add the ciphers themselves spread out, but [only] the number of ciphers to be added to the initial numbers — lest we offer the Typographers occasion of erring. But when you see, for example, to the initial number 15 [are] to be added 8 ciphers, know it to be the same as if you read 1,500,000,000; and so of the rest.


[Engraved table — TABLE III. Translator's note: each cell gives the leading digits and the number of ciphers (zeros) to append, per ¶XV — e.g. "18 + 8z" means 18 followed by 8 zeros = 1,800,000,000.]






	TABLE III. The Cubes of the Numbers of the preceding Table, roundly (in cubic Earth-diameters)
	Cube of Annual-Orb diam.
	Cube of Saturn-sphere diam.
	Cube of Fixed-sphere diam.





	From the Authors
	(no. + ciphers)
	(no. + ciphers)
	(no. + ciphers)



	Aristarchus
	18 + 8z
	18 + 11z
	23 + 16z



	Copernicus
	15 + 8z
	15 + 11z
	10 + 22z



	Mästlin
	17 + 8z
	17 + 11z
	18 + 18z



	Herigone
	17 + 8z
	17 + 11z
	27 + 17z



	Galileo
	17 + 8z
	17 + 11z
	22 + 20z



	Scheiner
	17 + 8z
	17 + 11z
	22 + 20z



	Tycho
	16 + 8z
	16 + 11z
	51 + 18z



	Longomontanus
	22 + 8z
	22 + 11z
	51 + 18z



	Boulliau
	34 + 8z
	34 + 11z
	22 + 21z



	Lansberg
	34 + 8z
	34 + 11z
	23 + 22z



	Kepler
	42 + 9z
	42 + 12z
	22 + 21z



	Ourselves
	39 + 10z
	39 + 13z
	27 + 24z



	Wendelin
	34 + 11z
	34 + 14z
	22 + 25z



	Gassendi
	16 + 8z
	16 + 11z
	17 + 23z





[XVI.] Dividing, therefore, the cube of the diameter of the sphere of the Fixed [stars] (placed in the last column of the preceding table) by the cube of the diameter of the sphere of Saturn (in the penultimate), or by the cube of the diameter of the annual orb (placed in the 2nd column), you will find how many times — according to the hypotheses of the aforesaid authors — the sphere of the Fixed [stars] contains the sphere either of Saturn or of the Annual orb. The cubic number itself, moreover, placed in the last column, teaches — without any other division — how many times the sphere of the Fixed [stars] contains the globe of the Earth: for example, according to Copernicus's hypotheses the sphere of the Fixed [stars] contains the Earth 100,000,000,000,000,000,000,000 times (that is, the number 10 taken with 22 ciphers); and so of the rest. But by dividing the same number by 15 with 11 ciphers, the sphere of the Fixed [stars] contains the sphere of Saturn 66,666,666,666⅔ times. Finally, by dividing the same number by 15 with eight ciphers, the sphere of the Fixed [stars] contains the annual orb 66,666,666,666,666⅔ times; and so of the rest. Let there be, then, Table IV, in which likewise we have chosen round numbers, and two initial [digits] of them, ciphers being substituted in place of the remaining [digits].


[Engraved table — TABLE IV:]






	TABLE IV. The Sphere of the Fixed stars Contains the Planetary Sphere, and the Annual Orb, the number of Times below-written
	times it contains the Planetary Sphere
	times it contains the Annual Orb





	Aristarchus
	130,000
	130,000,000



	Copernicus
	67,000,000,000
	67,000,000,000,000



	Mästlin
	11,000,000
	11,000,000,000



	Herigone
	1,600,000
	1,600,000,000



	Galileo
	1,900,000,000
	1,900,000,000,000



	Scheiner
	1,900,000,000
	1,900,000,000,000



	Tycho
	32,000,000
	32,000,000,000



	Longomontanus
	23,000,000
	23,000,000,000



	Boulliau
	6,500,000,000
	6,500,000,000,000



	Lansberg
	65,000,000,000
	65,000,000,000,000



	Kepler
	520,000,000
	520,000,000,000



	Ourselves
	69,000,000,000
	69,000,000,000,000



	Wendelin
	61,000,000,000
	61,000,000,000,000



	Gassendi
	1,100,000,000,000
	1,100,000,000,000,000





But let no one wonder if, according to certain Authors who greatly disagree among themselves in the semidiameter of the Annual Orb, nevertheless the sum [bulk] of the sphere of the Fixed [stars], compared with the annual orb or the Planetary sphere, does not so disagree; for, the semidiameter of the annual orb being increased, the semidiameter of Saturn's orb (and [so] their orbs) is increased proportionally — whence it comes about that these orbs are contained fewer times in the sphere of the Fixed [stars], for this too must grow proportionally with the increase of the semidiameter of the annual orb, in order to avoid a sensible parallax (which parallax would be the greater, the greater the semidiameter of the annual orb is). Wherefore [it is] no wonder if, among the measures of Copernicus, Lansberg, Wendelin, and Ours, set in the 4th table, there is so great an affinity — namely of the numbers 67, 65, 69, 61, with 9 ciphers in the former column and 12 in the latter. These [things] being sufficiently — nay, abundantly — prepared for the proof of the following Arguments, now the arguments themselves must be proposed.

I. Argument, from the Immensity of the sphere of the Fixed stars.


[Margin: Form of the 1st Argument.]

[XVII.] If the Earth were moved through the Annual Orb, the sphere of the Fixed stars would come out Immense, and of an altogether incredible — or improbable — bulk. Therefore the Earth is not moved through the Annual Orb.

[Margin: Scheiner's argument from the vastness of the sphere of the Fixed stars. And [the words] of Archimedes.]



This is the sum of the Argument, which Scheiner urges with so great a weight of words in the Mathematical Disquisitions, p. 27, saying: This so great immensity of the Firmament, and vastness of the stars, Copernicus himself (bk. 1 of the Revolutions, ch. 6) sufficiently noted, nor do his followers dare to dissemble it — as Rheticus, in the First Narration, p. 118 — but thence they go on to magnify the majesty of the Creator: ridiculously, since they (that is, the stars) appear so tiny, and every most learned [man] scarcely comprehends this hugeness. But the wiser Astronomers, both formerly and now, would rightly bear ill this superfluous bulk. In which place he also brings in Archimedes himself as accounting this bulk among the impossibles. The words of Archimedes from the Sand-Reckoner (that is, from the book on the number of the sand) are these, faithfully translated from the Greek: These [things], therefore, which are found written among the Astrologers, Aristarchus of Samos — refuting and altering [them] — handed down certain writings, filled with certain hypotheses, from which it is evident that the World is much greater than the World hitherto described. For with him it is supposed that the fixed stars and the Sun remain immovable; but that the Earth is carried about the Sun in the circumference of a circle, which is situated in the middle of the course of the Planets; and that the sphere of the fixed stars is situated about the same center as the Sun, but is held [to be] of such a magnitude that the circle about which the Earth is supposed to be carried has the same proportion to the interval of the fixed stars as the center of any sphere has to its surface. But this is manifestly impossible; for since the center of a sphere has no magnitude, neither must it be supposed to have any proportion to the surface of the sphere. But it must be granted that Aristarchus understood this: namely, since we think the Earth established about the center of the world, he judged it must be laid down — by demonstrations taken from the phenomena — that what proportion the Earth has to the World [as] called by us, the same [proportion]…


[…continues on p. 458 (PDF 493) with the catchword "habe-" — "…the sphere of the circle carrying the Earth round has to the sphere of the fixed stars."]





(printed p. 458 — within Chapter XXIX: the Sand-Reckoner quotation closes and the Antecedent of Argument I is proved from Table IV. The Copernicans' fourfold response follows: the parallax need vanish only to sense (Mästlin); a vast motionless sphere is more probable than a small whirled one (Kepler, Galileo); other accepted spheres are already comparably vast (Gassendi); and the bulk commends Divine Omnipotence and Magnificence, sealed with Baruch 3. Argument II then opens — the immense star-void, idle interval between Saturn and the fixed stars, urged chiefly by Tycho.)




[Header: BOOK IX. SECTION IV. — 458]



…[that what proportion the Earth has to the World as called by us] the sphere of the circle carrying the Earth round has [the same] to the sphere of the fixed stars. Moreover, the World which Archimedes had before spoken of extends as far as the annual Orb of the Sun; for he had said, at the beginning of the Sand-Reckoner: But you are not ignorant that "World" is called by many Astrologers a sphere, whose center is the center of the Earth, and [whose] Radius is equal to the straight line which lies midway from the center of the Sun to the center of the Earth. Although, therefore, Archimedes thought it absurd that the Annual orb should be as a point to the sphere of the Fixed [stars], yet — interpreting Aristarchus more kindly — he gathers from his hypothesis that the proportion of the annual orb to the orb of the Fixed [stars] is [the same] as [that] of the Earth to the Annual Orb, or to the World commonly understood: so that, as we are wont to say that the Earth is as a point to the whole heaven, so the annual orb would be as a point to the orb of the Fixed [stars] in Aristarchus's hypothesis — that is, not absolutely a point and nothing, but comparatively, or to sense. But whatever be [the truth] about Aristarchus's mind, the Antecedent is now proved from Table 4, exhibited at number 16; for in it, if you take the least measure raked out from Aristarchus, the sphere of the Fixed [stars] contains the Annual Orb 130,000,000 times. But if [you take] the Copernican measure, [it contains it] 67,000,000,000,000 times; if the Lansbergian, 65,000,000,000,000 times; if ours, 69,000,000,000,000 times; nor are the other measures deduced from others' hypotheses so small but that they contain an incredible vastness of the orb of the Fixed [stars], as will be clear to one surveying that Table.


[Margin: Response to Argument 1.]



[XVIII.] The Copernicans, nevertheless, respond by denying the Antecedent — namely [denying] that from the motion of the Earth through the annual orb there follows so great a Bulk of the sphere of the Fixed [stars] that it is incredible. The reasons for which they deny it to be incredible or improbable are four.


[Margin: 1st Reason of the Response.]



The first is Mästlin's, denying that, on the mind of Copernicus, so great a distance of the Fixed [stars] — or [so great] a bulk of the sphere of the Fixed [stars] — is required that, compared to this, the distance of the Earth from the Sun (or the annual orb) should utterly vanish, but [that] it suffices if [it vanish] to sense. See his words already related at number 3, in the 2nd opinion; to which the 1st opinion of Aristarchus is favorable, not requiring so great a distance of the Fixed [stars] on the hypothesis of a moving Earth.


[Margin: 2nd Reason of the Response.]



The second reason is [the one] which Kepler and Galileo insinuate — namely the comparison of this distance and Magnitude of the sphere of the Fixed [stars] on the Copernican hypothesis, with the velocity of the same sphere on the Ptolemaic hypothesis; for they say that that Copernican Magnitude, but immovable, is much more probable than the Ptolemaic smallness, but movable with so rapid a swiftness. But about this very comparison [we] must treat more calmly below, in chapter 30.


[Margin: 3rd Reason of the Response.]



The third reason is the comparison of other spheres among themselves, whose magnitude must be admitted — and is admitted — on the hypothesis of an immovable Earth. Does not Gassendi say (2nd letter On impressed motion, p. 124) that, by the common opinion, the heaven of the Fixed [stars] is so vast that, compared to it, our Earth — however great it be — is nevertheless only as a point? Just as, therefore, this, which is commonly reckoned a Paradox, is nevertheless most true in Astronomical rigor, why should it seem incredible that the whole Annual Orb, with respect to the sphere of the Fixed [stars], is as a point? Who would believe that the Sun — which is commonly esteemed a foot wide — is greater than the Earth 38,600 times, as we taught in bk. 3, ch. 11? Besides, the excess of the Planetary sphere over the sphere of the land-and-water globe [the Earth] is greater than the excess of the sphere of the Fixed [stars] over the Planetary sphere, or over the sphere of the annual orb, if you follow the opinion of many Copernicans; for, as above in Table 3, the Planetary sphere, on Kepler's hypothesis, contains the Earth very nearly 42,000,000,000,000 times; but in Table 4, the sphere of the Fixed [stars], on the same Kepler's hypothesis, contains the Planetary sphere only 520,000,000 times, and the Annual orb 520,000,000,000 times; and so of not a few others. As, therefore, so great a vastness of Saturn's sphere — and [its] excess with respect to our Earth — is not incredible to the wise, why should the smaller excess of the sphere of the Fixed [stars] over the sphere of Saturn or of the annual orb seem incredible? For by this reasoning, says Galileo (Dialogue 3), Elephants would seem incredible to ants, and Whales to little fish.


[Margin: 4th Reason of the Response.]



The fourth and most powerful reason is the commendation of the Divine Omnipotence and Magnificence, to which esteem is conciliated by so great a bulk of the work. And so Copernicus, having said (bk. 1, ch. 10) that from the supreme of the wandering [stars], Saturn, to the sphere of the Fixed [stars] there is a very great distance, and that between the moved (that is, the Planets) and the non-moved (that is, the Fixed [stars]) there intervenes a maximum interval — substituted admiration for incredulity, exclaiming: So great, indeed, is this Fabric of the Best and Greatest [God]!


[Margin: Rothmann's opinion for the immensity of the heaven, for the commendation of the Divine Majesty.]



So Christoph Rothmann, in a Letter given to Tycho in the year 1590, on the 18th day of April (which is held among the Tychonic [letters]), p. 186, thus responds to Tycho: Why should it not seem probable to me that the space from the Sun to Saturn is contained so many times between Saturn and the removal of the affixed stars? Or what absurdity follows, if a star of the third magnitude equals the whole annual orb? But does that either fight with the divine will, or is it impossible to the divine Nature, or does it not befit an infinite Nature? These [things] must altogether be demonstrated by you, if you wish to gather anything absurd from this. Things are not so easily convicted of absurdity which are commonly seen as absurd at first sight. But far greater is the Divine Wisdom and Majesty; and however great a vastness and magnitude of the World you concede, it will nevertheless have no proportion to the infinite Creator. The greater the King, the greater and ampler a palace he thinks befits his Majesty. What will you think of GOD?


[Margin: The opinions of Rheticus and Pliny for the same.]



And indeed Tycho himself, in the same Letters, p. 191, conceded that the World is of almost infinite bulk, when he said: And since the Universe is finite indeed in place and time, yet [is] like the infinite in incredible magnitude and perennity: why, in the same place and p. 167, does he call incredible that Magnitude which the Copernicans ascribe to the sphere of the Fixed [stars]? More rightly, surely, did Rheticus, in the First Narration, commending this Copernican magnificence, confirm [it] by that Plinian sentence (bk. 2, ch. 1): To search out the things outside of the World or heaven — by whose enfolding all things are covered, etc. — neither concerns men, nor does the conjecture of the human mind grasp [them]. It is sacred, etc., immense, etc., finite and like the infinite.


[Margin: Mästlin's opinion for the same. Lansberg's opinion for the same.]



But Mästlin, in the additions to the First Narration of Rheticus, p. 114, judges [it] harsh and almost injurious to the Divine Omnipotence and Wisdom to say that the sphere of the Fixed [stars] — which Tycho gathered from the Copernican hypothesis — is too vast and useless. So Lansberg (bk. 3 of the Uranometria, element 7) concludes: This is our opinion concerning the distance of the fixed stars from the Earth; which, as it is not foreign to Geometry, so also it detracts nothing from the Majesty and infinite Power of GOD, the Best and Greatest, but much more magnifies and illustrates it. For it teaches that, since the sphere of the fixed stars is so vast, we ought to be astonished at the infinite Power of GOD the Architect, and humbly to worship and venerate it.


[Margin: Commendation of the Divine Majesty.]



So, finally, Gassendi, in the 2nd letter On impressed motion, retorting the argument, says: just as the Ptolemaics argue that there is no reason why we should think God wished to make the World so vast and august, so the Copernicans argue that there is no reason why we should think God wished to make the World so narrow; and since neither can demonstrate what pleased God, the latter opinion — which amplifies the majesty of things — seems more to commend the Magnificence of the supreme Maker. Finally, what if God wished to adumbrate some vestige of [his] infinity and immensity in so vast a bulk? What if, by reason of the innumerable number of the Fixed [stars], he granted them so much ampler a region than the seven Planets? What if, for the sake of the Saints, he wished to contrive so great an argument [proof] of his works, that they might see how great [things] he wrought for them and for the throne of Christ the Lord, and how much greater [things] are to be expected from him above the Empyrean?


[Margin: Baruch 3.]



Let the holy Prophet Baruch close this response with that exclamation (Baruch 3): O Israel, how great is the house of God, and how vast the place of his possession! It is great, and has no end; lofty, and immense.

II. Argument, from the Immense Interval between Saturn and the Fixed stars, and that [interval being] void of Stars and idle.


[Margin: Form of the 2nd Argument.]

[XIX.] If the Earth were moved through the Annual Orb, there would be between Saturn and the Fixed [stars] an immense space void of stars, and altogether idle. But this is absurd. Therefore, etc.



This, rather than the preceding argument, they make much of — chiefly Tycho, in the letters, p. 167 (whose words I have already related at number 9), but most of all p. 192, where [he]…


[…continues on p. 459 (PDF 494) with the catchword "con-" — Tycho, against Rothmann, contending that no star-void interval of more than 7,000,000 Earth-radii should be admitted.]





(printed p. 459 — within Chapter XXIX: Argument II is elaborated from Tycho, Scheiner, and Longomontanus — God contrives nothing void or vain, yet the Copernican system interposes an immense idle gap between Saturn and the fixed stars. Four responses are examined and faulted: Copernicus's demand for a maximum gap between moved and unmoved, the appeal to Divine Magnificence, Descartes's liberty in placing the stars, and the claim that the gap is filled with telescopic stars. Argument III then opens: the Sun, a mere point at such distance, could not illuminate the fixed stars.)




[Header: DE SYSTEMATE TERRÆ MOTÆ — 459]

[Margin: Tycho's opinion against the immensity [of the heaven] — the Copernicans singing a recantation.]



…[Tycho], against Rothmann (who attributes so great a vastness to the divine Omnipotence), says that God is indeed Omnipotent, but does nothing in a disordered way — nay, disposes all things in weight, number, and measure; and contrives nothing void or vain, nothing not answering to itself by a certain harmony; and that accordingly between Saturn and the Fixed [stars] there ought not to be admitted an interval of more than 7,000,000 terrestrial semidiameters, void of stars and destined for no use of the Earth-dwellers — since nevertheless those Fixed [stars] higher than it [Saturn] are established for their use; and he adds: Away with this un-geometry and a-symmetry, and disordered manner of Philosophizing, most foreign to Divine Wisdom and Providence — which even ROTHMANN himself, when he was with me, dared no longer to defend, but, in the course of comparing, at length not unwillingly confessed that a great absurdity, joined with equal incredibility, underlies these [things]. And after a few [words] he confesses that the world is indeed finite, and has no proportion to the infinite Creator; but that, as regards its parts, it is most highly proportioned to the whole — not otherwise than one may discern in the parts of animals, and especially in the Microcosm, that is, in the human body, whose singular symmetry Dürer demonstrated. The same absurdity he urges in vol. 1 of the Progymnasmata, p. 481.


[Margin: Scheiner's argument against the Copernicans.]



Nor less sharply does Scheiner press (p. 28 of the Mathematical Disquisitions) against the Copernicans, saying: To what good [is] so great a machine — was it produced for so tiny a little point of Earth? Why, then, [are they] so remote that they appear so tiny, and can do almost nothing upon the Earth? To what [end] that insane abyss between them and Saturn? In vain, forsooth, are all [these] things. And so, at the end of the same page, he concludes thus: The Copernican Motion of the Earth interjects, between Saturn and the Firmament, a certain immense vastness of distance, whose use they themselves are ignorant of: therefore it does not seem to be admitted. Finally, Longomontanus (bk. 1 of the Theorica, ch. 1): To what [end] the empty gap between Saturn and the fixed stars, which from the premises is elicited [as] 7,894,818 terrestrial semidiameters?


[Margin: Proof of the Major.]



The Major of our argument is moreover proved from Table II, exhibited at number 14, if namely you subtract the numbers of the second column from [those of] the third (or last) column. For example, if from the Keplerian distance of the Fixed [stars], which is 60,000,000, you subtract the distance of Saturn, which is nearly 35,000, there will be left between Saturn and the Fixed [stars] a gap of 59,965,000 terrestrial semidiameters; and so on the hypotheses of the rest, from which that interval is always gathered [to be] huge.


[Margin: Proof of the Minor.]



The Minor is proved from an axiom often used by the Copernicans, while they busy themselves to exterminate the Ptolemaic Epicycles and the like; for nothing do they more frequently have in [their] mouth than that GOD and Nature do nothing in vain, nor attempt by more [means] what can be done by fewer: therefore they act absurdly, while they interpose so vast a space — in vain and without any use — between the sphere of the Planets and [that] of the Fixed [stars].


[Margin: 1st Response, of Copernicus, insufficient.]



[XX.] Copernicus would respond, first (bk. 1 of the Revolutions, ch. 10), by denying the Minor: because between the moved and the non-moved there had to be a maximum difference — that is, between the Planets, which are moved, and the Fixed [stars], which he establishes [as] immovable. But since the Sun itself is also immovable, and yet is not distant from movable Mercury (its innermost and nearest [planet]) by more than 561 terrestrial semidiameters (as we taught from Copernicus, bk. 7, sect. 6, ch. 2, in Table 4), [then] between Saturn, the outermost of the movables, and the Fixed [stars], a little more terrestrial semidiameters would have sufficed.


[Margin: 2nd Response, of the Copernicans, insufficient.]



They would respond, secondly — Rheticus, Mästlin, Galileo, Lansberg, Gassendi — by recurring to the Divine Omnipotence and Magnificence, according to those [things] which we rehearsed at number 18, in the 4th reason of the response; and so by denying the Minor. But granted that, from the huge bulk of the sphere of the Fixed [stars], the divine Omnipotence and Majesty be commended — inasmuch as that is the sphere of the Fixed [stars], or from that part of the bulk which the innumerable people of the Fixed [stars] inhabits — yet it is not commended from that insane and useless space between the Fixed [stars] and Saturn (whether it be supposed void of every other body, or filled only with ethereal air), unless its use appear. Galileo, nevertheless (Dialogue 3, p. 272), persists, and says: That it is rash to call all that vain and superfluous which does not serve our uses in the Universe.


[Margin: 3rd Response, of René Descartes.]



He would respond, therefore, thirdly — René Descartes, in the Principles of Philosophy, part 3 — by denying rather the Major: because (at number 20) he says: We are not yet certain how far the Fixed stars are distant from us, nor can we imagine them so remote that this conflicts with the Phenomena — lest we be content to suppose them to be above Saturn (as commonly all admit), but [rather] let us take the liberty of esteeming [them] however much higher. For if we wished to compare their altitude with the distances known to us here above the earth, that [altitude] which is now conceded to them by all would be no less incredible than any greater [one]. But if we look to the Omnipotence of God the Creator, none [so great] can be thought of as to be on that account less credible than any smaller [one]. But [Descartes also holds] that, for explaining conveniently not only the Phenomena of the Planets but also of the Comets, a maximum space must be placed between them and the sphere of Saturn — [as] I shall show below. Yet from number 119, where he begins to treat of Comets, nowhere does he show this, but rather supposes, from his own principles, immense vortices, through which the Fixed [stars] are moved, and changed sometimes into Comets, sometimes into new Planets. Nonetheless Seneca favors [him] (bk. 7 of the Natural Questions, ch. 24), where he esteems that innumerable stars unknown to us run through the immense space of the heavens, and so that [that] is not void of stars which seems to us void. But we have now shown (bk. 8) that it has not yet been demonstrated by anyone that Comets or new stars were above Saturn; nor, for the sake of one or another such phenomenon, is it fitting to interpose so great a vastness between Saturn and the Fixed [stars] — since for these Phenomena there abundantly suffices, partly the very region of air or fire, partly the fluid heaven of the Planets, partly the heaven of the Fixed [stars] (especially if it too be admitted [to be] liquid); or at least there suffices some moderate space between the Fixed [stars] and Saturn — [say] as much as is from the center of the World to Saturn.


[Margin: 4th Response, of the Copernicans.]



The Copernicans — not a few — respond, fourthly, by implicitly denying the Major, while they indicate that that space which is above Saturn is not altogether void of stars — granted [that] the stars which can be observed by us with the naked eye, and whose sensible parallax can be none, are removed by a vast interval from Saturn's sphere. They could therefore say that there are innumerable stars which can be distinguished only by the Telescope, and which cannot be so observed that their parallax (if they have any a little smaller than the Saturnine parallax) could be observed; and that very many stars of this kind are scattered within the aforesaid interval, and that it is not idle and void, as Tycho, Scheiner, and others thought. Which response I had myself fashioned, when I came upon another akin to it in Galileo (Dialogue 3, On the System of the World, Latin p. 284), where he says that some of the fixed stars are twice or thrice more remote than others, and that it can come about that sometimes, by the benefit of the Telescope, in some of these is observed some diversity like the diversity of the Planets. So Mästlin, in the additions to the First Narration of Rheticus, p. 113, denies that the gap must be so vast, since not all the Fixed [stars] are equally distant from the center — Tycho himself conceding this (vol. 1 of the Progymnasmata, [pp.] 470 and 481). But although this response can be convicted of falsity by no one, yet it appears to be arbitrarily fabricated to defend the hypothesis of Copernicus; for who would believe that God so removed from us all the stars which appear greater to us (and whose parallax, if there were any, we could observe), that we could not observe that parallax; but made those others — which are otherwise liable to parallax, as regards their distance — so small that they could not be observed by us with the naked eye? Surely it would be necessary (if it be permitted so to speak) that God, in distributing the Fixed stars, was from the very beginning of the World a Copernican — that is, a favorer of this sect, which nevertheless he foresaw would one day be condemned by the sacred decrees.

III. Argument, from the slenderness of the Sun, [as] not able to illuminate the Fixed stars on account of [their] huge distance.


[Margin: Form of the 3rd Argument.]

[XXI.] If the Earth were moved through the Annual orb about the Sun, it would be necessary to remove the Fixed stars so far from the Sun that the Sun, beheld from them, would be as a point, and therefore could not illuminate the stars with its light. The Consequent is false. Therefore also [is false] that from which it follows.

[…continues on p. 460 (PDF 495) with the catchword "Re-" (Respondetur) — the response to the third Argument.]





(printed p. 460 — Chapter XXIX closes with Gassendi's response to Argument III (the fixed stars shine by their own light). Chapter XXX opens on the argument from the huge bulk the fixed stars must have on Copernican distances, rehearsing each author's computation: Tycho, Longomontanus (a first-magnitude star eight times the annual orb, whence he rejects Copernicus), Scheiner (Sirius containing the orb thirty-two times), Claramonti and Lansberg, and the beginning of Hortensius's much smaller estimate.)
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Gassendi responds (2nd letter On impressed motion, p. 126), first by denying the Major: for [the Sun] can diffuse its rays even thither, even if it were as a point; secondly by denying the Minor: for the Fixed [stars] have proper light from themselves, not from the Sun — which we too taught in bk. 6, ch. 2.


✠ [Chapter XXIX ends here.]






Chapter XXX, An Argument is proposed from the Huge Bulk of the Fixed stars, Against the Annual motion of the Earth. On which occasion it is disputed: Whether this [bulk] is more incredible in the Fixed [stars] [being] unmoved, than the Swiftness belonging to their diurnal motion on the hypothesis of a resting Earth?


[Margin: Opinion concerning the magnitude of the Fixed stars on the Copernican hypothesis.]



[I.] Much more absurd seemed to most the huge Magnitude of the Fixed [stars] which follows from their distance on the Copernican hypothesis, than the bulk of the whole sphere of the Fixed [stars] — whether the Fixed [stars] themselves be compared with the globe of the Earth, or with the Sun, or with the whole Annual Orb. But [this Magnitude], greater than just, was believed by the Copernicans to have come out [so] for Tycho, Longomontanus, Scheiner, Claramonti, and some others, because they assumed too great an apparent diameter of the Fixed [stars]. For Tycho, in the letter of the year 1589, written Nov. 24 to Rothmann, p. 167, says: Nay, then too the Fixed stars of the third magnitude, which have one Minute in diameter, will necessarily be equal to this whole Annual Orb — that is, will comprehend in diameter 2284 semidiameters of the Earth, for they will be distant 7,850,000 [by] the same semidiameters very nearly. What shall we say of the stars of the first magnitude, some of which occupy two, some three Minutes in visible diameter? Which he repeats on p. 191. But he assumes from Copernicus the semidiameter of the annual orb [as] 1142 terrestrial semidiameters, and so the diameter [as] 2284.


[Margin: Method of investigating the true magnitude of a Star.]



[II.] Longomontanus likewise (bk. 1 of the Theorica, ch. 1, p. 1), by an added diagram, investigates the magnitude of the fixed [stars] — in the way we too did (bk. 6, ch. 9, no. 9). For let ABC be a portion of the circumference of the supreme heaven, described from center G; and let DHEF be some Fixed star, whose center [is] B; and let there be drawn from G the straight lines GD and GE, touching the globe of the star at D and E; for, by [proposition] 18 of the third [book] of Euclid, they will make the angle D and E right with the star's semidiameter (on this side BD, on that BE), and the angle DGE will subtend and measure the apparent diameter of the star. And the angle G being bisected by the straight line BG, there will arise a double triangle, right-angled at D and at E. Therefore, if in either triangle — say in DBG — the base BG be given (that is, the distance of the Fixed star from the World's center G), and the angle DGB (measuring the apparent semidiameter of the star), then by the rules of right-angled rectilinear triangles the true quantity of the semidiameter DB will at once be found, in parts of which GB is known; and BD doubled, the diameter will be known, which multiplied by itself will give the square number, and this again multiplied by the number of the diameter will give the cubic number, indicating how many times the solidity of the earth is contained in the solidity of the star — provided the true diameter of the star be known in diameters of the earth.


[Engraved figure (#43) — Longomontanus's star-measuring construction. A circle (the Fixed star) has center B, with H at its top and F at its bottom; a horizontal arc A–D–…–E–C (a portion of the supreme heaven's circumference) crosses through the star near B. From the apex G far below, two straight lines rise tangent to the star-circle at D and at E, and the vertical line H–B–F–G bisects the apex-angle — forming a tall narrow "ice-cream-cone" of the star atop a long thin isosceles triangle, whose apex-angle DGE at the World-center G is the star's tiny apparent diameter.]



Therefore Longomontanus, having found, from the Copernican hypothesis, the distance of the Fixed [stars] BG [to be] 7,906,818 terrestrial semidiameters, and having assumed the apparent semidiameter of a Fixed star of the first magnitude (that is, the angle BGD) [to be] 1 Minute, makes [it]: as the Radius BG of 10,000,000 parts to the distance BG of 7,906,818 terrestrial semidiameters, so the angle BGD of 1 Minute [is to] the Tangent 2909, to BD, 2300 terrestrial semidiameters; and so he gathers the diameter of such a star [to be] 2300 terrestrial diameters; of which number, multiplied into itself, the square number is 5,290,000; and this again multiplied by 2300 makes the Cube 12,167,000,000. So many times, then, he says, a star of the first magnitude contains the Earth, on the Copernican hypothesis — the cube of the terrestrial diameter, taken as 1, being 1. But since the Sun contains the Earth 140 times (as Longomontanus thinks), if 12,167,000,000 be divided by 140, the same star will be found greater than the Sun 86,907,143 times. Finally, since the diameter of the Annual Orb is 1142 Earth-diameters for Copernicus, but the diameter of the aforesaid Fixed [star] is 2300 Earth-diameters — that is, about double, and is to it as 2 to 1, and the cube of the number 2 is 8, and the cube of unity is 1 — it follows that a Fixed star of the first rank comes out eightfold greater than the whole annual orb. Wherefore Longomontanus concludes, in the same place: Since, therefore, both from the immense removal of the fixed stars from the earth, and the gap between the last of the Planets and the orb of those same Fixed [stars] — [and even more] than from the incredible [magnitude] which hence follows for the annual orb of the earth, likewise the Sun, and much more for the earth, [in] the magnitude of a fixed [star] of the first rank — all the well-constituted symmetry of the mundane parts is easily destroyed, besides [other] absurdity, etc.: therefore I judge that the Copernican hypothesis — especially concerning the annual motion of the earth, and concerning its libration upon its own poles — must rightly be rejected.


[Margin: Scheiner's opinion on the magnitude of the Fixed stars on the Copernican hypothesis.]



[III.] But Christoph Scheiner, in the Mathematical Disquisitions, p. 26, having derived from the Copernican hypothesis the distance of the Fixed [stars] [as] 13,133,376 terrestrial semidiameters, assumes the Sun's distance [as] 1208 terrestrial semidiameters, and its true diameter [as] 11 terrestrial semidiameters; multiplying 13,133,376 by these [11], he gathers the sum 144,467,136; which divided by 1208, he finds 119,592 terrestrial semidiameters, which the Sun's diameter would occupy if it were in the Firmament. Then, the visual diameter of the Sun's apogee being posited [as] 30 minutes, and the visual diameter of a fixed star of the first magnitude [as] 2 minutes, he makes [it]: as 30 to 119,592, so 2 to 7972 terrestrial semidiameters, included in the diameter of a fixed star; and by the same reasoning, for a star of one apparent minute (or of the third magnitude), he gathers 3986 semidiameters. Hence he deduces that the diameter of the annual orb, which is 2416 terrestrial semidiameters, is contained in the diameter of a star of the first rank 3 181/604 times, and in the diameter of a star of the third rank 1 [+ a fraction] times, and in a star of the sixth order [magnitude] nearly once. Finally, since the cube of the diameter of the annual orb, taken as 1, is 1, and the cube of the diameter of a Fixed star of the first rank, taken as 3 18/[..], is nearly 32, he gathers that a star such as is the Dog-star [Sirius] contains in itself the annual orb 32 times. Therefore (p. 28) he concludes thus: The Copernican Motion of the Earth makes any first[-magnitude] star thirtyfold, and so much ampler than the whole heaven of the Sun; and by the same [token makes] any little star seen in the starry sphere greater [than it appears]. Therefore it does not seem to be admitted.


[Margin: Claramonti's opinion on the magnitude of the Fixed stars on the Copernican hypothesis. And Lansberg's.]



[IV.] By what method, moreover, Claramonti (in the defense of the Anti-Tycho, part 3, ch. 13) gathers that a fixed star of the first magnitude, on the Copernican hypothesis, contains the globe of the earth 1,349,232,625 times, and the Sun 8,079,237 [times] — has already been said in the preceding chapter, number 12. But among the Copernicans, Lansberg (in the Uranometria, bk. 3, from element 20), assigning to a Fixed star of the first magnitude a diameter of 1 minute, and to the distance of the Fixed [stars] 41,958,000 terrestrial semidiameters, gathers (by the method of number 2) the true diameter of a Fixed star, and establishes it [as] 40,712 terrestrial diameters; and that in its solidity the Great Orb is contained 20,053 times — for the diameter of the annual orb is for him 1498½ Earth-diameters, whose cube is 3,364,884,747, but the cube of the number 40,712 is 67,478,794,224,128, which contains the former cube 20,053 times. But for a star of the sixth rank he makes the apparent semidiameter 2½″, and the true [semidiameter] 3388 terrestrial semidiameters; whence he deduces that its diameter is to the diameter of the Annual Orb as 3388 to 1498½, and that its solidity (or cube) is greater than the solidity of the annual orb 11½ times. Concerning the remaining stars, moreover, see what I related in bk. 6, ch. 9, at the end of Scholium 4.


[Margin: Hortensius's opinion on the same.]



[V.] Hortensius, nevertheless — himself also an Astronomer of the Copernican sect — in the dissertation with Gassendi On Mercury seen under the Sun…


[…continues on p. 461 (PDF 496) with the catchword "Sole" — "…and Venus unseen," where Hortensius gives 1st-magnitude stars only 8″, making them smaller than the Great Orb 422 times.]





(printed p. 461 — within Chapter XXX: the size-survey finishes with Hortensius and Galileo, who make the stars' apparent diameters (and hence bulks) far smaller. Riccioli then sets out his own measurements with Grimaldi — Sirius 18 seconds, Alcor 4 seconds 24 thirds — and tabulates in four tables the stars' true sizes and their ratios to the annual orb on the various distances. Argument I of the chapter is then formed: on a moving Earth even the faintest fixed stars would exceed the Sun and the whole annual orb, sealed by Rothmann's own confession to Tycho.)
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…[On Mercury seen under the Sun], and Venus unseen, gives to stars of the first magnitude only 8″ for the apparent diameter, and to [those] of the sixth magnitude 2″; whence, both from the distance of the Fixed [stars] (which for him is 10,312,227 terrestrial semidiameters) and from the semidiameter of the Annual Orb (1498½ terrestrial semidiameters), he gathers that a star of the first magnitude is smaller than the Great Orb 422 times, and a star of the third magnitude 27,826 times — so far is it from being equal to it or greater.


[Margin: Galileo's opinion on the same magnitude of the Fixed stars.]



But Galileo makes them yet smaller; for in Dialogue 3, On the System of the World (Latin p. 265, Italian 351), he rebukes those who, from Copernicus's system, gather that some Fixed star is greater than the whole Great Orb; and (p. 267) he teaches a way of measuring the apparent diameter of the Fixed [stars], from which he asserts (p. 268) that the apparent diameter of a star of the first magnitude does not exceed 5″ — from which there follows a bulk far smaller than [that] of the annual orb. But his method I related in bk. 6, ch. 9, no. 3.


[Margin: Our opinion on the Magnitude of the Fixed stars.]



[VI.] But I — what I have accomplished, together with Fr. Francesco Maria Grimaldi, for investigating in a far more certain way the apparent diameters of the Fixed [stars] — I have already narrated (bk. 6, ch. 9, from number 6; bk. 7, sect. 6, ch. 9), and have illustrated with examples and demonstrations (bk. 7, sect. 6, ch. 10 and 11); and I showed that a star of the first magnitude, such as is Sirius, has an apparent diameter of 18″; but the least of the stars visible to the naked eye — of which kind is the little star in the tail of the Great Bear called Alcor — has a diameter of 4″ 24‴. From these, according to the various opinions about the distance of the Fixed [stars], I have deduced the various true Magnitude of these stars, and digested [it] into three tables, exhibited in that chapter [11], of which the last two rest on the Copernican distances — to which I judge the Reader [is] to be referred, for ampler erudition. Yet I shall here repeat what is more necessary to declare the force of this argument which I have in hand: and in the 1st and 3rd table I shall set the cubic Earth-diameters which are contained in the body of Sirius and of Alcor (fixed stars), that from these two — the greatest and least of the Fixed [stars] visible to the naked eye — a judgment may be made about the rest; but in the 2nd and 4th table I shall set how many times stars of this kind contain the Annual Orb, or are contained in it — namely, by dividing the number of cubic Earth-diameters contained in the body of the star, by the number of cubic [Earth-]diameters contained in the annual orb (taken from the preceding chapter, number 15, in the 1st column of table 3).


[Engraved table — TABLE I. The True Magnitude of the greatest of the naked-eye Fixed stars (SIRIUS) and of the least (ALCOR), the apparent diameter of Sirius being posited 18″ and Alcor 4″ 24‴, and the distance of the Fixed stars asserted by the four below-written Copernicans. (Diameters in Earth-diameters; Bodies as multiples of the Earth.)]






	TABLE I
	Fixed-star Distance (Earth-radii)
	Annual-Orb Semidiam. (Earth-radii)
	SIRIUS — Diameter
	SIRIUS — Body (× Earth)
	ALCOR — Diameter
	ALCOR — Body (× Earth)





	Hortensius
	10,312,227
	1498½
	899
	726,572,600
	442
	86,355,888



	Galileo
	13,046,400
	1208
	1138
	1,473,760,072
	558
	173,741,112



	Lansberg
	41,958,000
	1498½
	3658
	48,947,466,312
	1796
	5,793,206,336



	Kepler
	60,000,000
	3469
	5232
	143,219,897,228
	2568
	16,933,994,432






[Engraved table — TABLE II. Therefore SIRIUS [and] ALCOR [contains / is contained in the annual orb] so many Times:]






	TABLE II
	SIRIUS
	(times)
	ALCOR
	(times)





	Hortensius
	is contained in the Annual Orb
	≈ 5
	is contained in the Annual Orb
	39½



	Galileo
	is contained in the Annual Orb
	≈ 1 2/15
	is contained in the Annual Orb
	10



	Lansberg
	contains the Annual Orb
	≈ 145
	contains the Annual Orb
	1 12/17



	Kepler
	contains the Annual Orb
	≈ 3⅓
	is contained in the Annual Orb
	2 9/17






[Engraved table — TABLE III. The True Magnitude of SIRIUS and ALCOR, their apparent semidiameter being supposed (Sirius 18″, Alcor 4″ 24‴), and the distance of the Fixed stars [taken] so great that the Annual-orb Parallax does not exceed 10″, and the semidiameter of the Annual Orb [taken] from the below-written Authors:]






	TABLE III
	Fixed-star Distance (Earth-radii)
	Annual-Orb Semidiam. (Earth-radii)
	SIRIUS — Diameter
	SIRIUS — Body (× Earth)
	ALCOR — Diameter
	ALCOR — Body (× Earth)





	Copernicus
	47,439,800
	1142
	4170
	71,677,713,000
	1992
	4,378,454,048



	Herigone
	49,502,400
	1200
	4350
	82,312,875,000
	2068
	8,844,058,432



	Galileo
	49,832,416
	1208
	4380
	88,427,672,000
	2092
	9,155,562,688



	Boulliau
	60,227,920
	1460
	5300
	148,877,000,000
	2530
	15,941,277,000



	Lansberg
	61,616,122
	1498½
	5424
	159,371,956,024
	2588
	17,333,761,472



	Kepler
	142,746,428
	3469
	12,550
	1,976,656,375,000
	6000
	216,000,000,000






[Engraved table — TABLE IV. Therefore SIRIUS [and] ALCOR contains the Annual Orb so many Times:]






	TABLE IV
	SIRIUS (times)
	ALCOR (times)





	Copernicus
	48
	4



	Herigone
	48
	4⅕



	Galileo
	52
	5⅓



	Boulliau
	44
	4⅔



	Lansberg
	47
	5



	Kepler
	46
	5






[Margin: The Argument in Form.]



[VII.] These [things] being premised, the Argument is thus Formed:


If the Earth were moved through the Annual orb, not only [stars] of the first, but even of the lowest magnitude, Fixed stars would have a bulk too great — that is, greater than the Sun and than the very Annual Orb, or [than] the Solar heaven. But this is absurd and incredible. Therefore, etc.



The Major is proved from the tables just now premised. The Minor is proved from the comparison of the Fixed [stars] with the Sun and the other Planets (which are much smaller), and from the symmetry of the Universe, and from Rothmann himself — although a Copernican, who at length yielded in this to Tycho; as Tycho himself narrates in the letters, p. 192, saying of Rothmann:


[Margin: Rothmann's confession concerning the absurdity of the Copernican hypothesis.]

For I remember that he once, among other things, said to me: If the Copernican assumption stood firm in the truth of things, it would be necessary that very many of the Affixed stars should surpass the whole annual Orb (or the sphere of the Sun) in their true magnitude, before so inexhaustible a distance — such as the reasoning of Copernicus necessarily attributes to them — would concede to them that visible magnitude which we discern from the Earth: just as [these things were demonstrated] by me…

[…continues on p. 462 (PDF 497) with the catchword "a me" — completing Rothmann's confession to Tycho.]





(printed p. 462 — within Chapter XXX: the giant-stars argument is answered and rebutted. Galileo's and Hortensius's denial of the Major fails on Riccioli's measurements, and the Copernicans' threefold denial of the Minor — Divine Magnificence, the parallel of the Sun's bulk, and the claim that Copernican bulk is more credible than Ptolemaic speed — is refuted in turn. The famous disputation whether the stars' bulk or their diurnal swiftness is more credible then begins, Riccioli arguing the velocity is not incredible and that Scripture commends the Sun's speed, never the stars' bulk.)
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…[just as it was] objected by me. But he did not deny that this exceeds all belief, and seems utterly absurd; nor did he strive to excuse it further by [appeal to] the Divine Omnipotence; and he not unwillingly admitted that a great asymmetry [disproportion] is also induced from these [things].


[Margin: 1st Response, insufficient.]



Galileo and Hortensius respond first (as we saw at number 5) by denying the Major: namely that Tycho and others, from too great an apparent diameter of the Fixed [stars], deduced their magnitude greater than just. But granted that Tycho, Longomontanus, Scheiner, and some others assumed too great a diameter of them — yet Galileo and Hortensius themselves assumed too small a one. But assuming that [diameter] which must be chosen from our more certain observations, and the Annual Orb asserted by the Copernicans, and the distance of the Fixed [stars] either asserted by the same (as we did in Table 1), or to be asserted, if they wish to avoid the parallax of 10″ which would arise from the whole diameter of the Annual Orb (as we did in Table 3) — these [things], I say, being taken together, Sirius (which is a Fixed star of the first magnitude) and Alcor (which is a star of the sixth and lowest magnitude — of those visible, indeed, without the Telescope) come out too great with respect to the Annual orb (as is clear from Table 2), nay both greater than the annual Orb — Sirius indeed at least 44 times, but Alcor 4 times. Wherefore, treating these [things] sincerely, the Major cannot be eluded by the Copernicans.


[Margin: 2nd Response, and its threefold reason, but insufficient.]



The Copernicans respond secondly by denying the Minor — [first] in view of the Divine Magnificence (which grows the greater from the vastness of these stars); [secondly] by comparing other bodies of the World among themselves, which nevertheless must be admitted by all Cosmographers — for the Sun must be admitted (to be silent about the rest), although it appears a foot wide, yet to be greater than the terrestrial globe not only 140 or 160 times, but 38,600 times (if its distance be true, which we elicited from the Lunar dichotomies), nay 262,144 times (if the Sun's distance asserted by Wendelin be true, as I taught in bk. 3, ch. 11, problem 1); [thirdly] finally, by comparing the Copernican bulk of the Fixed [stars] with the Ptolemaic swiftness of the same: for that [bulk] is much more credible than this [swiftness].

But none of these reasons satisfies. Not the first: because if God had wished his Magnificence to be recognized from the vastness of the Fixed [stars] in this life by mortals, there was no reason why he should remove them so far an interval from our eyes that they appear so tiny to us, and scarcely equal the hundredth part of the apparent diameter of the Sun by their apparent diameter; or surely he would have permitted us, by some other sensible indication, to come to a certain knowledge of this distance and magnitude. But that he has by no means done this is clear from what has hitherto been said, since all Astronomical phenomena are saved without the Copernican hypothesis; whereas the physical experiments of heavy [bodies] and the impacts of projectiles evidently convict that hypothesis of falsity. Nor does the Second reason avail: because for the Sun to be of so great a bulk is not incredible, if its services in the Universe be regarded — since the Sun is the fount of Light of all the Planets, and the universal second cause of all natural sublunary effects: [it is] no wonder, therefore, if it be so much greater than the Earth. But it seems a wonder, and little credible, that any little fixed star be greater not only than the Earth and the Sun — and that far more than the Sun is — but even greater so many times than the whole heaven of the Sun itself, when no reason for so great a bulk appears; for if the reason had been that it might operate more copiously and strongly upon these lower [things] than the Sun, there was no cause why it should be removed so far from the Planetary system. But it is established from Sacred Scripture — namely from Deuteronomy — that all the stars were created for the ministry [service] of men, and that on this account too their worship is prohibited, since they themselves serve, [and] do not lord it over us. The Third reason, finally — concerning the greater likelihood of the huge bulk of the Fixed [stars] without motion, than of a moderate magnitude with a notable velocity — how invalid it is, will become clear from what is about to be said.

It is discussed: Whether the Bulk of the Fixed stars on the Copernican hypothesis is more credible than the Swiftness of the same on the Ptolemaic hypothesis.

[VIII.] That the velocity of the Fixed [stars] on the Ptolemaic — nay, nor on our [hypothesis] — is not incredible, we showed in chapter 6, where from number 1 to 7 we enumerated the opinions and calculations of the Copernicans against this swiftness, but at numbers 7 and 8 we dissolved their twofold argument, full of equivocation and Sophistical fallacy: wherefore thither we refer the Reader, certain that, if he be willing to judge without prejudice, he will pronounce sentence against the Copernicans in this part. And, to gather summarily the chief reasons there adduced: I said and say that the velocity of the Fixed [stars] does not grow beyond the measure of the subject, as Galileo (with Kepler) pretends; for it grows [only] as much as their distance [does] — for it is certain that, in any wheel or movable sphere, the parts of the circumference are moved with the common motion (for the comparison is to be made in this) the more swiftly, the more they are distant from the center; and then, that the velocity of the Fixed [stars] seems excessive because we express it by miles of our paces — just as the velocity of a Giant would seem excessive, if someone were to express one of his paces, chopped up into a thousand paces of a little ant.

But comparing the Ptolemaic velocity of the Fixed [stars] with the Copernican Magnitude of the same:


[Margin: 1st Reason against the Copernicans.]



First, I say this comparison does not militate against those semi-Copernicans who attribute only the diurnal motion to the Earth, not to the Fixed [stars] — as do Longomontanus, Origanus, Argoli, etc.; for to them the Copernican magnitude of the Fixed [stars] seemed absurd; nor yet can its absurdity be removed by retorting upon them the diurnal rapidity of the Fixed [stars], since they transfer it from the Fixed [stars] to the Earth.


[Margin: 2nd Reason against the Copernicans.]



Secondly, I said and say that the velocity of the Fixed [stars] arises from the magnitude of the circumference of the eighth (as they call it) sphere — compared by the Copernicans with the circumference of the terrestrial globe, and to be revolved in the time of 24 hours; but the immensity of the Fixed [stars] arises from the solidity or corpulence of the Fixed [stars], which (that the parity of the comparison be just) must indeed be compared with the globe of the Earth. But far greater is the excess of the corpulence of one Fixed [star] over the globe of the earth, on the Copernican hypothesis, than [the excess] of the circumference of the Eighth sphere (to be revolved in 24 hours, on the Ptolemaic and Our hypothesis) over the circumference of the terrestrial globe: for since circumferences are to one another as [their] diameters (by Theorem 5 of bk. 11 of the Collections of Pappus of Alexandria), the diameter of the Eighth sphere contains the diameter of the earth only 20,220 times (if you follow Ptolemy), or 40,440 (if Alfraganus), or 100,000 — or 210,000 — (if you follow one of our [own] opinions, according to what is said in bk. 6, ch. 7, no. 6, and in Table 1); but not only Sirius, the greatest of the stars, but [even] Alcor, the least, on the Copernican hypothesis comes out greater than the Earth by far more times, as will at once be clear to one running over Tables 1 and 3, exhibited in this chapter, in those columns in which is set how many times these stars contain the Earth. But if the Copernicans wish to draw us back to the comparison of a Fixed star with the annual orb, that its excess may appear smaller, we shall not refuse — provided that they too (as is fit and just) compare the circumference of the Fixed [stars], taken from the Ptolemaic or Our hypothesis, with the circumference of the annual orb (Ptolemaic or Ours), and from both estimate the velocity of the diurnal motion. Now Sirius must contain the annual orb at least 44 times (as is clear from Table 4 of this chapter, and its most solid foundations); but the Ptolemaic circumference of the Fixed [stars] is to the circumference of the annual orb as the diameter 20,220 to the diameter 1210 — that is, as 16 690/1210 to 1. But Our circumference of the Fixed [stars] is to the annual orb as the diameter 100,000 to 7300 — that is, as 13 510/730 to 1; or as 210,000 to 7300 — that is, as 28 56/73 to 1. Wherefore far greater is the excess of Sirius over the Earth — nay, even over the Annual Orb itself, Copernican-wise — than [the excess] of the diurnal velocity and circumference of the sphere of the Fixed [stars] (Ptolemaic or Ours) over the diurnal velocity and circumference of the terrestrial globe, or of the Annual Orb.


[Margin: 3rd Reason against the Copernicans.]



Thirdly, as I said in the same place: other things being equal, more credible is a moderate magnitude of a body in the World — commensurate with its other parts — together with some swift motion, than an immoderate [magnitude], but inert and without motion; and God himself, in the sacred letters, commends himself by the velocity of the Sun (which, [as] he revealed to us through the Psalmist, exulted as a giant to run the way of the diurnal motion), rather than by the magnitude of the bulk of the Fixed stars — of which he nowhere made mention, but rather of their innumerable multitude; and be-…


[…continues on p. 463 (PDF 498) with the catchword "inter" — "…among the stars [God] commended by magnitude the Sun alone, calling it a Giant (Psalm 18)."]





(printed p. 463 — the bulk-vs-speed disputation reaches its conclusion: more credible is the diurnal velocity of the fixed stars on a resting Earth than their insane bulk on a moving one, and Chapter XXX ends. Chapter XXXI opens with six arguments against the annual motion from the refraction of the fixed stars. Arguments I–III — that Copernican distances would destroy sensible refraction, make refraction exceed the inclination, or exceed half of it — are stated with their responses, and a refraction-geometry figure (#44) is set up.)
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…among the stars [God] commended by magnitude the Sun alone, calling it a Giant (Psalm 18), and a wondrous Vessel, the work of the Most High (in Ecclesiasticus); which [Sun], nevertheless, if the Copernicans be heard, would come out a pygmy, and a little vessel contemptible beside the Fixed stars. Let the Conclusion, therefore, stand.

CONCLUSION.


More credible is the Diurnal Velocity of the Fixed stars on the Hypothesis of a resting Earth, than the insane Bulk of the same on the Hypothesis of an Earth going around through the Annual Orb.

✠ [Chapter XXX ends here.]






Chapter XXXI, Six Arguments are proposed Against the Annual motion of the Earth, from the Refraction of the Fixed stars.

[I.] From Parallax we conveniently make a step to the Refraction of the Fixed [stars], whence the following arguments seem able to be deduced against the excessive distance of the Fixed [stars] consequent upon the annual motion of the Earth.

I. Argument, from the Destruction of the sensible Refraction of the Fixed stars in our Air.


[Form.] If the Earth were turned in the annual orb, there would be no sensible Refractions of the Fixed [stars] in the air more closely surrounding the earth. But the Consequent is false. Therefore also that from which it follows.

[Margin: Proof of the Major.]



The Major is proved: since, every sensible inclination [angle] of the ray above the surface of our air being taken away, every sensible refraction would be taken away — since refraction, by the common opinion of the writers on Dioptrics (to be referred [to] bk. 10, sect. 6, ch. 2), is always less than the inclination of the ray in the same transparent [medium]; but if the Earth were turned in the annual orb, it would be necessary, to avoid the sensible parallax of the Fixed [stars], to remove them so far from us that the whole diameter of the annual orb — much less the orb of the Earth clothed with air — would be insensible with respect to the distance of the Fixed [stars]; or [the Earth] would be as a point escaping all visual angle, or incapable of founding an angle of a sensible inclination.


[Margin: A sign of the Refraction of the Fixed stars.]



The Minor is clear from the observations of Tycho and others, and ours: by which, comparing the true altitude of the Fixed [stars] (foreknown from calculation) with the seen or observed [altitude] — especially near the horizon — this [observed altitude] is found greater than the true; which cannot come about from any other [cause] than from Refraction, whose property is to raise the stars apparently. And Kepler himself, the keenest follower of the Copernicans, in the Epitome of Copernican Astronomy (bk. 1, p. 61), to confirm the Refractions of the Fixed [stars], adduces this from Tycho's frequent observation: that the star of the Lion's Tail [Denebola] and the Spike of Virgo [Spica], when they are near the Meridian, were found by instruments to be distant from each other 35 [degrees] and nearly two minutes; but when, in the eastern part, the Lion's Tail reaches the altitude of 34° 30′, the Spike of Virgo, in nearly the same vertical, now begins to appear on the physical horizon — which could not happen unless a refraction of about 30 minutes diminished Spica's distance from the Lion's Tail, and raised it above either horizon.


[Margin: Response.]



It is responded, nevertheless, by denying the Major; and to its proof — the rest being conceded — it is denied that, from the smallness of the orb of the earth (taken with the refractive air) compared to the orb and distance of the Fixed [stars], it follows that there is no angle of inclination of the rays, or that it is insensible with respect to the eye on the surface of the Earth, or to the angle existing on the surface of the air; [even] granted that the whole sphere of the elements would appear, from the Fixed stars, as a point — nay, would not even appear [at all]: for this angle and its quantity we measure from the given refraction, and the altitude of the refractive air, and the semidiameter of the earth, as we shall teach in bk. 10, sect. 6, problem 45. But see here the response to the 3rd argument.

II. Argument, from the Excess of the Refraction over the Inclination.


[Margin: Form of the 2nd Argument.]

[II.] If the Earth were moved in the Annual Orb, the Refraction of the ray of the Fixed [stars] would come out greater than the Inclination of the same above the surface of the refractive air. But this is unfitting. Therefore, etc.

[Margin: Proof of the Major, and of the Minor.]



The Major is urged: because, on account of the huge distance of the Fixed [stars], the inclination would come out insensible, or much less than 30 minutes; and yet the horizontal Refraction of the Fixed [stars], from Tycho (vol. 1 of the Progymnasmata, p. 280), is 30′. The Minor is proved from the laws of the Opticians in Dioptrics: because the refraction is always less than the inclination — since from the angle of Refraction and the refracted angle the Inclination itself is composed (that is, an angle equal to the inclination), as we shall say in bk. 10, sect. 6, ch. 2, axiom 8.

It is responded by denying the Major; and to its proof the consequence is denied: for even so the horizontal refraction of the Fixed [stars] would be much less than the inclination of the ray, as will presently be clear from the response to the 3rd argument — however great a distance of the Fixed [stars] be imagined by the Copernicans.

III. Argument, from the Excess of the Refraction of the Fixed stars over half the Inclination.


[III.] If the Earth were moved in the Annual Orb, the Refraction of the Fixed [stars] would be greater than half the angle of Inclination of the ray of the same. But this is unfitting. Therefore, etc.



The Major is proved by the same reasoning by which the Major of the 1st and 2nd Argument was proved. The Minor is proved from the laws of the Opticians: for the refractions themselves in glass — which are greater than the refractions in air — up to the thirtieth degree of Inclination, are nearly the third part of the inclination (as we shall teach in bk. 10, sect. 6, ch. 3, prop. 3); but the sensible refractions of the Fixed [stars] cease before one reaches the thirtieth degree of inclination; therefore, before that [degree], they ought always to be less than half the inclination.


[Margin: Response.]



I respond by denying the Major: since the horizontal refractions of the Fixed [stars], which are the greatest, can never be equated to half the angle of inclination, however great a distance of the Fixed [stars] be posited by the Copernicans — which it will here be worth the trouble to demonstrate; for I know that a man otherwise most skilled in Optics, and most friendly to me, in letters sent to me, presumed from this matter a great argument against the Copernicans — but in vain.


[Margin: Exposition of the figure.]



From the center of the Earth A, let there be described three more-than-quadrant arcs of vertical circles: one, BCD, in the Heaven of the Fixed [stars]; another, EFG, of the refractive air; and a third, HIK, of the terrestrial surface; and let the true horizon be AL, and the physical [horizon] HC, and the vertical line AB, and the eye at H. But let a Fixed star be at D, distant from the center A by the straight line AD, and propagating the ray DF to the point F of the air, in such a way that it enters the air and does not tend straight to R, but from the point of incidence F is refracted to the eye H through the horizontal line HF, and so appears to the eye H as if it were at C; and let there be drawn from A, through F,…


[Engraved figure (#44) — the stellar-refraction construction. From the Earth's center A spring three more-than-quadrant arcs: the innermost HIK (terrestrial surface), the middle EFG (top of the refractive air), and the outermost BCD (heaven of the Fixed stars). The vertical AB rises at left; the true horizon AL extends right (through L, N to the outer arc at the far-right point); the physical horizon HC runs from the eye H (on the surface arc) horizontally to C (on the outer arc). A star sits at D (lower right on the outer arc); its ray DF strikes the air at F — un-refracted it would continue to R (upper left, near T/E/Y), but it bends at F along the horizontal HF to the eye H, so the star appears at C. Lines AD, AF (produced to P), and the points I, K, G, O, 9 complete the geometry, illustrating that the horizontal refraction stays far below half the inclination angle.]

[…continues on p. 464 (PDF 499) with the catchword "per F" — "…and let there be drawn from A, through F, [a line]," continuing the demonstration of the refraction angles.]





(printed p. 464 — within Chapter XXXI: the figure-#44 demonstration is completed, showing that stellar refraction can never reach half the inclination however great the distance, so the objection collapses. Argument IV is then set out: if the stars' horizontal refraction is 30 minutes (Tycho, Kepler), their distance must be far less than Copernicus requires — proved first geometrically from the figure, then from the proportion of the Moon's, Sun's, and stars' refractions, capping the stars far below the Copernican minimum.)
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…[and let there be drawn from A, through F,] the perpendicular AP; for the refraction will be the angle HFR; and the refracted angle HFA [is] equal to the angle PFC, by [proposition] 15 of the first [book] of the Elements; and the angle of inclination PFD — by which, namely, the incident ray DF declines from the perpendicular PF — which angle, by the definitions of the Opticians, is equal to the refracted angle PFC (that is, AFH) and the angle of refraction CFD (that is, HFR) taken together; and [the inclination] is always, at least in air, more than double the angle of refraction.


[Margin: 1st Progression, for the Inclination.]



[IV.] These [things] being posited, the inclination PFD must be inquired — which will easily be done, the semidiameter of the earth AH being given (from bk. 2, ch. 7) [as] 4139 Bolognese Miles, and AF consisting of AI (which equals AH itself) and the altitude IF of the refractive air, which I shall show somewhere to be 20 Miles (bk. 10, sect. 6, problem 51); wherefore the whole AF is sometimes 4159 Miles. Therefore in the triangle AHF, right-angled at H (for the horizon HC makes right angles with the vertical AB), by the rules of triangles the angle AFH is found [to be] 84° 22′; and just so great is PFC also, to which if you add the horizontal refraction of the Fixed [stars] from Tycho, RFH (that is, CFD), 30′, the angle of Inclination PFD comes out [to be] 84° 52′.


[Margin: 2nd Progression, for the Parallax.]



Let us now posit the distance of the Fixed [stars] AD to be, first, as great as Tycho assumed — namely 14,000 terrestrial semidiameters, that is, 5,794,600 Bolognese Miles (namely 4139, [the value] of AH itself, multiplied by 14,000); for in the triangle AFD, AD being given [as] 5,794,600 — of which [units] AF is 4159 — and the angle AFD (which is the complement of the found inclination PFD, and so is 95° 8′), it follows that the parallactic angle FDA is 15 Seconds: which parallax is not of the orb of the earth taken bare, but of [the earth] increased by the thickness of the refractive air.


[Margin: 3rd Progression, for the decrement of the Inclination.]



[V.] Let the Heaven of the Fixed [stars] now be not the Tychonic BCD, but the Copernican ZOQ — which, on account of the huge distance, is just as if it were described from the center of the annual orb — so that the star which was supposed at D is [now] at Q, and that which appeared at C appears at O, through the refracted and horizontal ray HF; and let the ray incident at F be QF, and the inclination be PFQ. It is now proposed to find how much smaller the inclination PFQ can come out than PFD, the distance AD being increased and pushed forward up to Q, as far as the Copernicans wish — that is, how great is the angle DFQ, which is the difference of the aforesaid inclinations. But briefly I say that, even if AD be increased to infinity, the star Q remaining at the same true distance from the vertex Z (that is, [at] the angle ZAQ), the angle DFQ can never come out greater — nay, nor even equal — to the parallactic angle ADF previously posited; because, by [propositions] 16 and 32 of the first [book] of Euclid's Elements, the external angle ADF is greater than either of the internal [angles] DFQ and DQF — being indeed equal to both of them together. Therefore the inclination PFD, just now (number 4) found [to be] 84° 52′, cannot come out less than 84° 51′ 45″ — even if you increase the distance AQ to infinity, because [no more] than 15″ can be subtracted from it. And the same I say of any other parallax ADF, than which it is certain that in the Fixed [stars] one of a [whole] degree cannot be imagined — nay, nor of 4 minutes; for it would exceed the Sun's parallax. Just as it is not permitted to imagine the altitude of the refractive air greater than 100 Italian Miles, as we shall teach in bk. 10, sect. 6, problem 51. And so, all [things] being computed, the Inclination of the ray of the Fixed [stars] above the refractive air is greater than 84 degrees, nor can it ever so decrease but that it be always greater than double the horizontal refraction of the Fixed [stars] (if this be posited one degree less); nor, conversely, can the Refraction of the Fixed [stars] ever reach half of this inclination — that is, [reach] 42 degrees — since even if the air came out as dense as water, the refraction from air to water, corresponding to an inclination of 84 degrees, does not exceed 35 degrees, as is clear from Witelo (bk. 10, prop. 8) and from the anaclastic tables to be set at the end of bk. 10.

But someone will say that, with the distance of the Fixed [stars] increasing, the angle OFQ would be diminished, so that at last it would wholly perish, together with the refraction. For this argument will seem to have a greater appearance [of force], since it is easier — on account of the star's distance freely increased — for the inclination of the ray so to decrease that it coincides with the horizontal line OF, than that it reach the perpendicular PF itself. It is responded, nevertheless, by denying the sequel: because, from what has been said, that angle could not decrease beyond 15″.

IV. Argument, from the Distance of the Fixed stars deduced from their Horizontal Refraction.


[Margin: Form of the 4th Argument.]

[VI.] If the horizontal Refraction of the Fixed [stars] is not less than 30 Minutes, it follows that their distance is much less than the hypothesis of the Copernicans (who turn the Earth in the annual orb) requires. But it is not less than 30′ Minutes; therefore the Earth is not turned in the annual orb.



The Minor is certain from Tycho's observations (vol. 1 of the Progymnasmata, p. 280), nay from Kepler himself, who — although a Copernican — nevertheless in the Rudolphine [Tables], in the last precept and in the table of refractions which he sets there on the last page of the tables, admits the horizontal refraction of the Fixed [stars] [as] 30′; and so [do] most of the more recent Astronomers.


[Margin: 1st proof of the Major.]



The Major is proved, first, Geometrically, in the figure exhibited at number 3 [fig. #44], the triangles AHF and AFD being considered. For AH, the semidiameter of the Earth, is 4139 Bolognese Miles (from bk. 2, ch. 7); and AF cannot be greater than 4239 Miles, nor less than 4141 Miles, because the altitude IF of the refractive air cannot be imagined greater than 100 Miles, or less than 2 — nay, from what will be said (bk. 10, sect. 6, problem 51) it is about 20 — so that the whole AF is 4159 Miles. But from the side AH and the base AF, by the laws of triangles, the angle AFH is made manifest, to which is equal both the [angle] PFC at the vertex (by 15 of the first [book] of Euclid), and the alternate [angle] FAL, between the two parallel horizons (by 29 of the same book). Now if you add the refraction of 30′ (that is, the angle HFR, to which CFD is equal by 15 of the first [book] of Euclid) to the angle PFC, the inclination PFD will be known; and by 13 of the first [book] of Euclid the angle AFD will be manifest, as the complement to two right [angles]. Finally, the angle of the depth of the Fixed star which has undergone horizontal refraction — that is, LAD — is known: for it is as great as the horizontal refraction, if in computing that Tycho neglected the parallax of the Fixed [stars] (which he reckoned [to be] none); or, if he computed it, [LAD] is a little less than 30′, yet greater than 29′. But if it is greater than 29′ and less than 30′, and be added to the angle FAL (now known, as I said), the angle FAD will be known, in the triangle AFD, in which the angle AFD and the side AF are manifest; wherefore by the laws of triangles the side AD will be known — that is, the distance of the Fixed [stars] from the Earth; which, if LAD be greater than 29′ and less than 30′ (or even exactly 30′), will be much less than the Copernican hypothesis requires.


[Margin: 2nd proof of the Major.]



[VII.] It is proved, secondly, because as the difference of the horizontal refractions of the Sun and Moon is to the difference of their distances from the earth, so [is] the difference of the horizontal refractions of the Fixed [stars] and either Luminary, to the difference of the distance of the Fixed [stars] compared with the distance of either the Moon or the Sun. Now the horizontal refraction, from Tycho (vol. 1 of the Progymnasmata, pp. 79, 124, and 280) and from Kepler (at the end of the Rudolphine [Tables]), is: of the Moon 33′, of the Sun 34′, of the Fixed [stars] 30′. But on account of the excessive parallax of the Sun (as Kepler notes in the last precept of the Rudolphine [Tables]), the Solar [refraction] came out greater than the Lunar — when it ought, on account of the smaller Inclination following from the greater distance, to be smaller, and at most 32′. But the distance of the Sun to [that of] the Moon is, for Copernicus, as 1140 to about 60 — that is, twentyfold; but for Kepler, sixtyfold; and for Us, as 140 to 1 (from what is said in bk. 3, ch. 7, and bk. 4, ch. 14). Therefore, if the difference of two minutes between the refractions of the Sun and Moon does not suppose an excess of the Solar distance over the Lunar greater than twentyfold, or sixtyfold, or a-hundred-and-fortyfold; the difference also of two minutes, between the refraction of the Fixed [stars] and of the Sun, does not suppose a greater excess of the distance of the Fixed [stars] from the earth over the Solar distance than either twentyfold, or sixtyfold, or a-hundred-and-fortyfold. But the distance of the Sun, from what is said in bk. 3, ch. 7, is not greater (for Copernicus) than 1180 terrestrial semidiameters, (for Kepler) 3469, (for Us) 7600. Therefore the distance of the Fixed [stars] cannot be greater (for Copernicus) than 23,600 terrestrial semidiameters, (for Kepler) 208,140, (for Us) 1,064,000 — as is clear to one multiplying 1180 by 20, or 3469 by 60, or 7600 by 140. But these distances are much smaller than the Copernican hypothesis requires; since (from what is said in bk. 6, ch. 7, no. 17) among the Copernicans no one requires a smaller distance of the Fixed [stars] than 47,000,000 terrestrial semidiameters.


[…continues on p. 465 (PDF 500) with the catchword "VIII. Re-" (Respondetur) — the response to the fourth Argument.]





(printed p. 465 — Chapter XXXI closes with the responses to Argument IV (both proofs denied) and the brief Arguments V and VI on telescope lenses and the multiplication of parallaxes, likewise answered. Chapter XXXII then presents and answers a single argument from the excessive license of inventing diverse systems. Chapter XXXIII opens the grand Epitome, reducing all the foregoing arguments and solutions on the diurnal and annual motion to a summary, with Riccioli's warning not to rely on the summary alone.)
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[Margin: 1st Response, to the 1st proof of the Major.]



[VIII.] It is responded, nevertheless, by denying the Major; and to its first proof — the rest being conceded — it is denied that, from the aforesaid angles and the side AF, there follows a distance of the Fixed [stars] smaller than the Copernican [one]. For if the angle LAD be precisely 30′ (as great as the refraction CFD), then FD and AD would be parallel (by 28 of the first [book] of Euclid), and so the triangle AFD would perish; and the distance AD could be infinite. Or surely, this triangle being retained, there would be in it more than two right angles — against 32 of the first [book] of Euclid. Which is easily shown. For let, from the calculation of number 4, the angle PFC (and so FAL) be 84° 22′; the refraction of 30′ being added to each, both PFD and FAD will come out 84° 52′; and by 13 of the first [book] of Euclid, AFD will be 95° 8′, as the complement to two right [angles]. Therefore AFD (95° 8′) and FAD (84° 52′) taken together will be 180 degrees — that is, two right [angles]; wherefore the angle ADF, [added] with them, however small it be imagined, will make more than two right angles. But if LAD be posited less than 30′ and greater than 29′, the parallactic angle ADF will not indeed be greater than one minute, but it can nevertheless — all the rest posited in the proof of the Major being safe — be of so few Seconds that the distance AD comes out infinitely greater than the Copernicans require, as is clear from what is said in bk. 6, ch. 7, no. 17. Wherefore, unless a Parallax of the Fixed [stars] be established, distinct from the simple Refraction (which raises the star from D to L), the whole Refraction — which raises it from D to C, overcoming the horizontal parallax (which is as great as the arc CL) — cannot be known; but the parallax of the Fixed [stars] itself cannot be known unless their distance be first supposed. Besides that the parallactic angle ADF is not [computed] from the semidiameter of the earth AH or AI, but from the semidiameter AF; and the horizontal Refraction makes the star existing at D appear higher by as much as the angle CFD is — which is somewhat greater than the arc CD, since it is described not from F but from A; wherefore the Refraction, rigorously taken, is greater than the arc CD. But let this be said for good measure.


[Margin: 2nd Response, to the 2nd proof of the Major.]



[IX.] To the 2nd Proof of the Major, the Major is denied — that is, that proportion of the distances and refractions, which is too loosely [rhetorically] feigned, and can be proved neither from the common [principles] of Optics or Dioptrics, nor from the proper principles of Anaclastics; but the decrement of the Refraction follows the decrement of the Inclination, which is unknown so long as the whole Refraction (including the correction of parallax) is unknown; but the parallax of the Fixed [stars] is unknown, so long as their distance is unknown.

V. Argument, from the Destruction of the Refractions of the Fixed stars in the lenses of the Telescope.


[Margin: Form of the 5th Argument.]

[X.] If the Earth were moved in the Annual Orb, the Fixed [stars] would not be represented greater, by the force of refraction, through the lenses of the Telescope, than without them. But they are [so] represented. Therefore, etc.



The Minor is clear. The Major is proved, because for that representation a sensible refraction, made toward the perpendicular in the glass lenses, is needed, as is known from Dioptrics. But if the Earth were turned in the Annual orb, on account of the huge distance of the Fixed [stars] there would be no sensible inclination of the ray of the Fixed [stars] upon the glass lenses; wherefore [there would be] no sensible refraction [either].


[Margin: Response to the Argument.]



I respond by Denying the Major, for the cause once stated in the response to the proof adduced for the major of the 1st argument.

VI. Argument, from the Multiplication, or uncertainty, of the True distance from the vertex [zenith], and of the Parallaxes.


[Margin: Form of the 6th Argument.]

[XI.] If the Earth is moved in the Annual Orb, either we are uncertain what the true distance of a star from the vertex is, or certainly a double distance is multiplied, and a double parallax, without necessity. But this is absurd. Therefore, etc.



The Minor is clear. The Major is proved, because if we are not certain whether the earth is moved or not, we do not know whence we ought to estimate and measure the true distance of a Fixed star from the vertex — whether from the center of the Earth, or from the center of the Annual Orb; but if from the center of the annual orb, then both this [distance] and the parallax of the annual orb above the parallax of the orb of the earth is multiplied without necessity — since, without these, on the hypothesis of a moving earth all the Phenomena are saved.


[Margin: Response to the Argument.]



It is responded by denying the first part of the Major (concerning the uncertainty) and the second (concerning the multiplication made without necessity). For by this very [fact], that the Earth is supposed to be moved in the annual orb, it is certain that the true distance of a Fixed star from the vertex must be estimated principally from the center of the Annual Orb; but the apparent [distance] from the surface of the Earth — granted that secondarily the true [distance] could be estimated from the center of the orb of the earth, provided that the one be not confounded with the other, but they be distinguished. As for the necessity: although it be not a posteriori from the phenomena, the Copernicans will nevertheless say it is a priori from most congruent reasons — lest other entities be multiplied without necessity; and so they will elude the argument.


✠ [Chapter XXXI ends here.]






Chapter XXXII, An Argument is proposed against the Copernican Hypothesis, from the excessive license of feigning [inventing] diverse systems.


[Margin: Form of the Argument.]

[I.] If, sense being forsaken, and by following certain congruent reasons, it is permitted to feign such a system as Aristarchus and Copernicus feigned, there will be no certain System in Astronomy, but it will be permitted to anyone ingenious and imbued with Astronomical erudition to feign many diverse systems. But this seems unfitting. Therefore, etc.



The Major is proved: for someone could place the Moon at the center of the universe (as Mr. Baliani once thought, from what is said in ch. 15); or any one of the Planets, if not all together; or — the Earth being established at the center of the World but turned only by the diurnal motion — [could] move the Sun up and down in a libratory circle, as Fr. Francesco Maria Grimaldi once thought, for the sake of exercise, but not with the mind of asserting it; and so of like [systems].


[Margin: Response.]



It is responded by denying the sequel of the Major: for from one system determined by Aristarchus or Copernicus, it does not follow that others can be feigned equally good, and consequently rendering Astronomy uncertain; but only it follows that either [one] must stand by the Copernican [system], or another of equal perfection must be feigned — which the Copernicans will deny can be done.


✠ [Chapter XXXII ends here.]






Chapter XXXIII, The Arguments and the Solutions of the Arguments, hitherto made concerning the Diurnal and Annual Motion of the Earth, are reduced into an Epitome.

I should not wish, indeed, that some — whether through weariness of the labor, or through inexperience of Geometrical demonstrations — should so fly to the compendium of this chapter that they think they can draw hence a knowledge sufficient for bearing a certain judgment about these hypotheses among those versed in these matters, without the danger of discoursing of them little consistently and firmly, or at least little learnedly, with ignorance of the Authors who supplied these Arguments. For such a danger he will not avoid, unless he has read through the preceding chapters of this section. For it behooves [one] to have beforehand the knowledge of [things] neither small nor few — and indeed often abstruse to the senses of the common [people] — who would render a judgment upon the controversy most celebrated this age among the Astronomical [controversies], and agitated among the most learned men on both sides…


[…continues on p. 466 (PDF 501) with the catchword "rhibi-" (di-ribi-turus) — "…[who] is about to settle a judgment [upon the controversy]."]





(printed p. 466 — within Chapter XXXIII (the grand Epitome): the recapitulation begins under the heading of the twenty arguments for the diurnal motion of the Earth and their solutions (chs. 5–7). The first six arguments-for and their brief answers are given — from the Earth's sphericity, the diurnal rapture, the naturalness of circular motion to the elements, the absurdity of the vast heaven moving for the tiny Earth, the ease of moving the small Earth, and our uncertainty whether the heaven is mobile.)
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…[who is about to render a judgment that is] inhibitory — nay, peremptory, as they call it — and to bear and sustain [it] when delivered. I could not, nevertheless, [do otherwise than] gather into one view the chief heads of the arguments and responses, that I might pluck the conclusions to be set down below from their nearer branches, whose long roots — driven higher and deeper — one may now see hitherto [laid out]. Let no one, meanwhile, wonder, if — led by the consideration of brevity — we shall not adduce the Arguments in syllogistic form; nay, sometimes we shall vary the order of the propositions.

Twenty Arguments For the Diurnal Motion of the Earth, and their Solutions; which were handed down from Chapter 5 to 7 inclusive.


[Margin: See ch. 5, from no. 1 to 8.]



[I.] First Argument. The diurnal motion is to be attributed rather to the Earth (as being certainly spherical, and so apt for whirling about its own center), than to the heaven of the Fixed [stars], of whose roundness — and so of whose aptitude for this whirling — we are not certain.


[Margin: Threefold response.]



It is answered by conceding the argument: first, if the appearance of the diurnal motion must necessarily be saved by a whirling about the center, distinct in reality from the other motions appearing in the heaven; secondly, if other things be equal; thirdly, if a figure apt for this whirling be required, or if the roundness of the earth be of itself ordained for this whirling. But otherwise, by denying [it]: for by a single real motion of the Fixed stars, and a single [motion] in each of the Planets, the appearances of all the celestial motions can be represented; and there are many other reasons against the diurnal motion of the Earth prevailing over this trifling little reason taken from sphericity; and therefore other things are not equal; and the roundness of the Earth is of itself ordained for other ends than for motion.


[Margin: See ch. 5, from no. 8 to 11.]



[II.] Second Argument. If the whole heaven be moved by the diurnal whirling toward the West, it is necessary that, by the motion of rapture [being swept along], all the elements be moved by it in the same direction — and so the earth, as being suspended in the midst of the air, and least impeded from this rapture by any resistance of the air (which is none), or by the force of its own gravity (because this does not impede circular motion, but [only] straight [motion] upward). But if the Earth be moved by the diurnal whirling, it is not necessary that the heaven be moved with it, and so a multiplication of motions is spared. Rather, therefore, the diurnal motion is to be ascribed to the Earth than to the heaven.


[Margin: Threefold reason of the response.]



It is answered by denying the consequence of the Major: both because, if the Earth were moved with the heaven by the motion of rapture and the whirling of 24 hours, very many celestial Phenomena (about which [see] there) would perish for us; and because that motion of rapture supposes the heaven solid up to the Moon, when nevertheless the fluidity of the Planetary heaven is more probable; and finally, because not even the wiser Peripatetics concede that the motion of rapture reaches to the middle, much less to the lowest region of the Air; and if it did reach [it], it would still be powerless, on account of its own fluidity and rarity, to impress motion into the whole depth of the Earth, a most thick and most dense body. Besides, it was denied to Galileo that the Earth is of itself indifferent to motion equally as to rest.


[Margin: See ch. 5, from no. 11 to 16.]



[III.] Third Argument. Circular motion is more natural to the elements than straight [motion], since it is uniform [equal] and finite, and befits them [when] already ordered and established in their place; but straight [motion is] uniformly difform in the ascent of light [bodies] and the descent of heavy [ones], and infinite, and befitting only [bodies] unordered and as it were sick, or being badly outside their place. Therefore, if Aristotle attributed to Fire and the supreme region of the air a circular motion — [coming] from outside, and violent or preternatural — much more ought he to have conceded to them, and to the rest of the elements (and so to the Earth), a circular motion.


[Margin: 1st Response.]



It is answered, first, by denying the Major; for no circular motion befits the elements from within, but at most a rapture from outside, which accordingly ought not to be called absolutely natural; nay, no motion at all befits them [when] well-ordered and established in their place. But to [bodies] unordered, that [motion] befits which is made by the shortest line, and most swiftly, as far as their nature bears — of which kind is the motion of heavy and light [bodies] through a straight perpendicular line, uniformly-difformly always accelerated toward the end, and as finite as is their removal from their proper place; and therefore this motion rather befits them — the supposition being made of [their] removal from their place — than any other. For which and other causes we taught that the Peripatetic doctrine is much more solid in this [matter] than the Copernican or Galilean; nay, that this [latter] is little consistent with itself — as when they say that circular motion is rather likened to the finite, straight [motion] to the infinite, when nevertheless straight [motion] has limits on both sides, [while] circular has none, but always begins there where it seemed about to end. Or when they say that the circular is therefore more perfect and more congruent to the elements, because more like to rest (as being wholly made within itself); rather, therefore, rest itself — being more perfect than circular motion — is to be attributed to the elements; for, as in God, immobility supposes a lesser indigence [need] than motion, and therefore is to be attributed to God as a perfection simply simple: besides that, the annual motion of translation being added to the Earth, that perfection really perishes, nor is the diurnal motion any longer wholly made within itself. Many other [things] see in their [proper] place.


[Margin: 2nd Response.]



It is answered, secondly, by denying the Consequence concerning a circular motion toward the West (such as Aristotle attributed to the element of Fire); for if he had attributed this to the earth too, rather than toward the East (as the Copernicans do), the celestial Phenomena would not be saved.


[Margin: See ch. 5, from no. 16 to 18.]



[IV.] Fourth Argument. It is absurd that the whole heaven and the sphere of the Fixed [stars] — which has the character of the whole, and is incomparably greater than the Earth — should be moved for the sake of the Earth (which is so tiny a particle of the Universe), rather than the Earth itself. Rather, therefore, the Earth than the heaven is moved by the diurnal motion.


[Margin: Threefold response.]



It is answered by denying the Antecedent: both because the heaven, though greater in bulk, is nevertheless less in power and in perfection of substance than the Earth taken with men and the other animals — for the moving Intelligences are not an intrinsic part of the heaven; and because neither the heaven nor the moving Intelligences are moved for the sake of the Earth and its inhabitants as for an ultimate end, but that they may declare the glory of God and serve the Creator — for which end it was not even absurd that the Angels, and the very Son of God, were destined for the salvation of men. Otherwise it would also be absurd that the Planets are moved about the Earth, or that the Earth is moved for the sake of men, [who are] smaller than the Earth itself: and therefore the argument was retorted.


[Margin: See ch. 5, from no. 18.]



[V.] Fifth Argument. It is easier, and of less expense, to move the little globe of the Earth than the immense machine of the heaven; therefore God and Nature — which does what is easier — move the Earth rather than the heaven by the diurnal motion.


[Margin: Threefold response.]



It is answered by denying both the Antecedent — because [of the Earth's natural gravity and rest we are certain].

[VI.] Sixth Argument. But concerning the mobility of the supreme heaven we are as uncertain as it is uncertain whether it be finite or infinite; for if it were infinite, either it would not be movable by a diurnal revolution, or at least it is controverted among Physicists whether it would be movable.

It is answered: the Major being granted if other things be equal, [but] denied if [they be] unequal (as in reality they are unequal), by denying the Minor; for it is evident Physically to us that the Fixed stars move — the possession of which evidence is on the side of sense, and the burden of proof to the contrary lies upon the denier; and hence we gather [their] mobility more immediately than from [their] finitude. But the evidence of this disjunctive proposition — Either the Fixed stars, or we with the Earth, move — is not Physical only, but Mathematical or Metaphysical, which is not necessarily required in Physics; otherwise not even the finitude of the Earth would be evident, since its measure depends on experiments evident only Physically. Many [things], for erudition, concerning the infinity of the World were said on that occasion.


[…continues on p. 467 (PDF 502) with the catchword "VII. Septi-" (Septimum Argumentum) — the seventh argument for the Earth's diurnal motion.]





(printed p. 467 — within Chapter XXXIII (the Epitome): the recap of the arguments for the diurnal motion continues through VII–XIII, each with its solution — from motion belonging to the located body, the nobility of immobility, the fixed stars' constant mutual distances, the stars' independence, the incredible stellar velocity, and the rule that motion slows with distance from the center (where Riccioli charges Galileo, Kepler, and Lansberg with a base equivocation between the stars' proper and diurnal motions). Argument XIII, on two contrary motions in the same body, begins.)
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[Margin: See ch. 5, no. 24.]



[VII.] Seventh Argument. Local motion is to be attributed rather to the located [body] than to the place, since a place of itself requires immobility. But the supreme heaven is the place with respect to the Earth, and the Earth [is] the located [body]: therefore the motion is to be attributed to the Earth rather than to the heaven.


[Margin: Twofold or threefold response.]



It is answered by conceding the Major concerning that local motion by which a place loses the character of place — because it is transferred elsewhere together with the located [body], and so puts on the character of a vessel, or carries off the located [body]; but by denying the Major concerning a motion not repugnant to the essence of a physical place; although neither is the Minor true concerning the immediate place. Moreover the argument was retorted: because neither ought the Earth to be moved with the neighboring air, since it [the Earth] with the said air is the place of animals and plants; and much less ought it to be moved by the motion of translation — destroying the immobility of the place — of which kind is the annual motion, which the Copernicans add to the diurnal.


[Margin: See ch. 5, no. 25.]



[VIII.] Eighth Argument. Immobility is nobler than motion, and more akin to incorruptibility; since local motion was instituted to preserve from corruption that which otherwise would wither by torpor, or [else motion] tends toward corruption. Therefore immobility [is to be conceded] to the heaven, and motion to the Earth (as being subject to corruption more than the heaven).


[Margin: Response.]



It is answered by denying that part of the Antecedent concerning the end of local motion: for it was not instituted of itself to preserve from corruption, and much less the diurnal circular motion; nor does it tend of itself toward corruption, but toward place as place is. Then, neither is the heaven, as is supposed, by its own nature and from within incorruptible; nor is the diurnal revolution of the Earth with the neighboring air useful for preserving the Earth's surface from corruption — but rather the agitation of the air and water by winds, rivers, the flux and reflux of the sea, etc.


[Margin: See ch. 5, no. 26.]



[IX.] Ninth Argument. All the Fixed stars, from the observations of all the ages compared with one another, perpetually keep among themselves the same distance which they once had. But if they were moved by the diurnal whirling, they would not keep it: for either they would be moved by the motion of a solid Firmament, and its parts would be dissipated by the excessive velocity; or they would be moved of themselves in a fluid heaven, and would be much more dissipated, and would fluctuate with a wandering motion — both on account of the rapidity of the whirling, and on account of the fluidity.


[Margin: Response.]



It is answered, the Major being conceded, by denying the Minor; because the Firmament, if it is solid (as is gathered from the authority of many Fathers), is not on that account worn down, or shaken by reciprocal motion, nor does it strike against another hard body, nor grow hot; and accordingly a dissipation of [its] parts is not to be feared for it. Nay, from that very conservation of distance of the Fixed [stars] among themselves — even on the supposition of their motion — its solidity and indissipable firmness is more probably gathered. But if it is Fluid, yet they are moved by Intelligences, in such a way that they keep that equality of distance, and are moved like the encampment of a camp [array of an army], as Ecclesiasticus speaks of these stars (ch. 43); and they remain while they are moved in their watches, as Baruch speaks (ch. 3). Finally, hence God commends himself (Job 38), that the circuit of Arcturus and of the Pleiades and the constellation cannot be dissipated. Nor indeed ought the admirableness which shines forth in the array of the stars — advancing in so great and so perpetual an order — to derogate from faith in the divine works; and much less among the Copernicans, who (as will be said afterward) are wont to commend the divine Omnipotence and Magnificence from the immensity of the interval between Saturn and the Fixed [stars], and from the vastness of the eighth sphere — nay, of the Fixed [stars] greater than the Annual orb itself, on their hypothesis.


[Margin: See ch. 5, no. 31 & 32.]



[X.] Tenth Argument. It seems absurd — nay, ridiculous — that the Fixed Stars, and their sphere [which is] so vast, and needing nothing terrestrial, but altogether independent of the Earth, should be moved about so tiny an Earth, and for the sake and good of the Earth as the end of their motion; rather than the Earth itself, which depends on the heaven and needs its influences. Therefore the Earth rather than the heaven is moved by the diurnal motion.


[Margin: Response.]



It is answered by denying the Antecedent: for the Earth — as being filled with animals, especially rational [ones] — is greater than the heaven, as regards the magnitude of [its] power and nobler substance; nor does it need the heaven or the stars as [its] masters, but as [its] servants, which [God has] thus [established] to be moved for the good of men, as is established from sacred letters — yet so that the ultimate end be the glory of God.


[Margin: See ch. 6, from no. 1 to 7.]



[XI.] Eleventh Argument. If the diurnal motion be ascribed to the Fixed [stars] rather than to the Earth, their velocity comes out plainly incredible, and far exceeding the measure of the subject: for from the Ptolemaic distance of the Fixed [stars], it follows that any one of the Fixed [stars] on the celestial Equator, in one beat of the human artery [pulse], traverses 760 German Miles; nay, much more, if we follow the Keplerian distance; but if Ours, in each pulse-beat of the artery any Fixed [star] traverses 152⅗ semidiameters of the Earth — that is, 629,128 Italian Miles, or 157,282 German [Miles]. Therefore the Earth is moved by the diurnal motion rather than the Fixed [stars]: for in one pulse-beat of the human artery, a point of the terrestrial Equator ought to traverse only 376 Geometric paces (from what is said in ch. 19, no. 13).


[Margin: Response.]



It is answered by denying both parts of the Antecedent. The first indeed, because a velocity does not come out incredible [merely] because it is greater than another's, unless it exceed the capacity or motive power of the subject, or is going to offend the sense by its rapidity: none of which is found in the velocity of the Fixed [stars], because it is commensurate to their distance and to the magnitude of the circumference, and is produced by the power of the Intelligences, and yet is scarcely sensible to sense, since they scarcely seem to move within a short time. But the second part, concerning the measure of the subject, is denied: because if about the same center any two circles be described, differing in magnitude however much, and each be wholly revolved in the same time, the motion of their parts (or of similar arcs) is as proportioned as those similar arcs are [similar] to one another; but the arcs of the aforesaid circles, included within the same lines drawn out from the center, are similar to one another, and of just as many degrees; wherefore the 629,128 Italian Miles [traversed] in one Second of the celestial Equator are as proportioned [to it] as the 376 paces in one Second of the terrestrial Equator [are] — the proportion of the distance from the same center thus requiring [it], and [with] the straight lines drawn out from it to either circumference, like legs, of which those would fit the heaven as a giant, these the Earth as an ant. It is added that that velocity is more credible which saves the evidence of the senses, than [that] which destroys it; and much more credible is the velocity of the Fixed [stars] asserted by the Ptolemaics than the bulk of the Fixed [stars] asserted by the Copernicans, as was shown in ch. 30, no. 8.


[Margin: See ch. 6, from no. 8 to 11.]



[XII.] Twelfth Argument. The motion of the celestial bodies is the slower, the farther they are distant from the center of the universe: thus the motion of Jupiter is slower than that of Mars, and the motion of Saturn than that of Jupiter, etc. But if the diurnal motion were attributed to the Fixed [stars], it would be far swifter than the motion of Saturn — when nevertheless the Fixed [stars] are much farther distant from the center of the Universe than Saturn; and so it would exceed the measure of the subject and the proportion of the intervals. Therefore [it is] to be attributed not to the Fixed [stars], but to the Earth.


[Margin: Response.]



It is answered by conceding the Major concerning the proper motion apparent toward the East, but denying [it] concerning the common or diurnal motion toward the West (or, as they name it, of the Primum Mobile): because if at the same time all the circles about the same center are moved in the same direction, it is necessary that the arcs of the more remote [circles] be greater, and accordingly that their motion be swifter. But in the Minor the terms are changed, and the discourse is of the diurnal and common motion, whereas in the Major the discourse was of the proper motion; and yet — who would believe it? — into this so base a fallacy and equivocation fell Galileo and Kepler and Lansberg, as we showed in their place from their own words; as if forsooth they did not know what is known even to the raw recruits of Astronomy: that the proper motion of the Fixed [stars] is so much slower than the motion of Saturn that, while Saturn requires scarcely 30 years for one revolution, the Fixed [stars] nevertheless demand 26,000 — nay, in Ptolemy, 36,000 years. The rest pertaining to this erudition, see ch. 6, from no. 9 to 11.


[Margin: See ch. 6, from no. 11.]



[XIII.] Thirteenth Argument. If the Fixed [stars] and the other heavenly bodies were moved toward the West by the diurnal or common motion of the Primum Mobile — when nevertheless the proper motion toward the East cannot be denied to them — the same movable [body] would be moved by two contrary motions at the same time; which is either impossible, or at least so difficult to grasp that even the appearance and suspicion of it must be avoided. But it is avoided if the Earth alone be turned toward the East by a diurnal revolution…


[…continues on p. 468 (PDF 503) with the catchword "uer-" (con-uer-tatur) — completing the thirteenth argument.]





(printed p. 468 — within Chapter XXXIII (the Epitome): the recap runs from Argument XIII through XX, completing the twenty arguments for the diurnal motion with their solutions — the alleged contrariety of motions, the simplicity of fewer motions, Galileo's maximum-and-minimum-circles argument (which Riccioli derides), the equator-to-pole speed change, Kepler on the annual inequality of days, comets' westward motion, the tropical trade winds, and the magnetic Terrella experiment, dismissed as feigned by Petrus Peregrinus and never confirmed.)
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…[but it is avoided if the Earth alone be turned toward the East by a diurnal revolution], while the stars individually perform their simple motions toward the East. Therefore the diurnal motion is to be reckoned to the Earth rather than to the Fixed [stars] and the other heavenly bodies.


[Margin: Twofold response.]



It is answered, first, by denying the Major: for there is a single motion in the Fixed [stars], a single [one] in Saturn (and so of the rest), toward the West, by spirals — but in the Fixed [stars] swifter than in Saturn, and in Saturn swifter than in Jupiter, etc., because daily the higher stars are revolved more quickly to the same Meridian than the lower [ones]: from which arose that deception, that they are commonly thought to recede toward the East — [they] which are left behind toward the West by the swifter [stars]; and hence the occasion of suspecting two contrary motions. But this contrariety is as false as [it would be] in any two [bodies] running in a circle toward the same direction, of which one reaches the same terminus more slowly than the other. Yet this very appearance of contrariety would not be avoided by the Earth's motion, because, that being posited, all [things] would nevertheless appear equally as now, as the Copernicans profess. Then the argument was Retorted, [pointing] to that contrariety of motions which would follow, on the Copernican hypothesis, in heavy [bodies] or projectiles toward the West.


[Margin: See ch. 6, no. 14 & 15.]



[XIV.] Fourteenth Argument. Fewer and simpler motions are posited if a single diurnal motion be attributed to the Earth, and to each planet its own [motion] toward the East, than if the diurnal motion be added to the Fixed [stars] and Planets over [above] their proper [motion]. Therefore, etc.


[Margin: Twofold response.]



It is answered by denying the Antecedent: for the diurnal motion of the Fixed [stars] and Planets is not in reality distinct from [their] proper motion, since the proper [motion] is not such except apparently, on account of the deficiency and slower arrival at the Meridian; and so in the heaven no more than 8 motions are posited — one in the Fixed [stars], and 7 in the Planets (for it is of no concern here to rehearse the motions of the Satellites of Saturn and Jupiter, since these too are to be multiplied no less in the Copernican than in the more common hypothesis). But if the diurnal motion be given to the Earth, then that [motion] is really distinct from the proper motion of the Fixed [stars] (which, namely, Lansberg, Longomontanus, Boulliau, and many other Copernicans or Semi-Copernicans admit in the Fixed [stars]), and from the 7 motions of the Planets; and besides, in the motion of heavy and light [bodies] — nay, in all terrestrial and aquatic mixed [bodies] — several motions mixed of straight and circular must be admitted. Wherefore, in reality, all [things] being computed, more motions are multiplied, and more composite [ones] in terrestrial [bodies]; whence the argument was Retorted against the Copernicans.


[Margin: See ch. 6, no. 16.]



[XV.] Fifteenth Argument. If the Fixed [stars] were moved by the diurnal motion rather than the Earth, some would describe — not only in different, but even in the same time — maximum circles (namely those which are on the Equator), others minimum [circles] (namely those near the poles), and so those [equatorial ones] would be most swift, these [polar ones] most slow. But this is absurd. Therefore the Earth is moved by the diurnal motion rather than the Fixed [stars]. Of this argument too, [thus] put forth, I should be ashamed — unless all the shame redounded upon Galileo, who urges it in earnest, and [who is] surely about to be thrashed by the Raw Recruits of Astronomy.


[Margin: Threefold response.]



It is answered, first, by denying the Minor — since it arises from Geometrical necessity that the parts of a spherical surface, revolved by a single motion of the sphere, [namely] those which are nearer the poles, describe smaller circles and are moved more sluggishly than those which are more remote from the poles of the sphere. Secondly, that comparative particle of the Major, rather than the Earth, is denied. For, the diurnal motion being given (but not conceded) to the Earth, neither would the appearance of slowness in the Fixed [stars] nearer the pole, and of swiftness in the Fixed [stars] near the Equator, be removed; and in the parts of the Earth itself there would really be that inequality of velocity and of circles, according as they are nearer or more remote from the poles of the terrestrial revolution. Wherefore, if this were absurd, there would be a double absurdity — either in a double subject (one apparent in the eighth sphere, the other real in the Earth) — which [absurdity] would be in a single, or in one real, subject, if the diurnal motion be attributed to the Fixed [stars]. So that, accordingly, the aforesaid argument can be Retorted ad hominem.


[Margin: See ch. 6, no. 17 & 18.]



[XVI.] Sixteenth Argument. If the Fixed [stars] were moved by the diurnal motion, they would perpetually vary [their] declination from the Equator, and therefore also [their] velocity, so that [a star] which once had been most swift on the Equator would, in some age, come out most slow on account of [its] nearness to the Pole. But this is absurd. Therefore, etc. So also Galileo, and in earnest — when nevertheless this argument has no kernel [of substance].


[Margin: Threefold response.]



It is answered, first, by denying the Major if the diurnal motion be considered precisely, [but] conceding [it] if the proper apparent [motion] be conceded to the Fixed [stars] — that is, if that single motion toward the West, by spirals, be completed in latitude. Secondly, the Major being granted, by denying the Minor: for this is no more absurd in the heaven than it would be in the Earth if it were moved by the diurnal motion, and besides by a motion of the axis, and by a libration excusing the proper motion which appears in the Fixed [stars]; nay, it would follow more in the Earth, where more frequently and with greater variety animals, rivers, ships, clouds, etc. perpetually change [their] declination from the terrestrial Equator. Accordingly it is answered, thirdly, by retorting the argument. But what we there indicated concerning the Fixed stars that will reach the pole, and concerning the retrogradation of some of them in Right Ascension — and expounded (bk. 6, ch. 11 and 19, probl. 5, 10, 11) — cannot here be explained in few [words].


[Margin: See ch. 6, no. 19.]



[XVII.] Seventeenth Argument. The annual inequality of the natural days, which is manifest to Astronomers, has a more evident cause of itself if the diurnal motion together with the annual be attributed to the Earth — as being quickened by its approach to the Sun, [and] retarded by its recession. So Kepler; to whom it is answered by denying the Antecedent: for if that inequality arises from the variety of the distance between the Sun and the Earth, whether the Earth really approach the Sun, or the Sun the Earth, we have an equal reason of the inequality on both sides.


[Margin: See ch. 7, no. 1, 2 & 3.]



[XVIII.] Eighteenth Argument. It is more likely that Comets do not have in themselves the diurnal motion, but only [their] proper trajectories — lest we increase the difficulties in so wandering and manifold a motion; therefore the diurnal motion toward the West, which appears in Comets, is really from the conversion of the Earth toward the East. For it cannot be attributed to the rapture of fire or air, since the heavens of the Planets are not solid, nor do they sweep along the fire, etc.


[Margin: Response.]



It is answered by Denying the Antecedent. For just as the diurnal motion in the Planets, so also in the Comets, is more evident than the proper motion; and therefore, just as we ought not to deny the diurnal motion to the Planets, so neither to the Comets; otherwise we should rather multiply motions — namely the proper trajectory[-motion] in the Comets, and the common diurnal [motion] in the Earth — since the same Intelligence or force which moves the Comets by the diurnal motion can move them by spirals laxer than in the Planets, so that, by the laxity of the spirals the motion in latitude, and by the slowness of the revolution to the Meridian or Horizon, the motion in longitude toward the East is represented — yet by a single real motion.


[Margin: See ch. 7, from no. 4 to 8.]



[XIX.] Nineteenth Argument. The perpetual Wind and Breeze within the Tropics [the trade winds] — which is the cause, at least partial, of the easier and shorter navigation toward the West than toward the East — is more likely from the diurnal motion of the Earth toward the East, leaving behind the air, which on account of its fluidity does not receive so great an impetus, nor is swept along by the Earth's whirling so as to follow it exactly. Therefore it is more likely that the Earth is moved by the diurnal motion than not. The rest, for better perceiving the force of this argument, see in the place cited.


[Margin: Response.]



It is answered by denying the Antecedent: for since the diurnal motion of the Sun and the other Planets toward the West is more evident to sense, the cause of that perpetual breeze is to be attributed rather to the Sun, and the other Planets co-operating, and carrying around the vapors and exhalations, or successively raising [them] toward the West — especially since it is not so perpetual and continuous as it would have to be, if it were from the Earth's whirling; concerning which variety, consult the history of these Winds, selected by us (ch. 7, from no. 4).


[Margin: See ch. 7, from no. 9 to the end.]



[XX.] Twentieth Argument. A little sphere made of Magnet-stone [lodestone], which is called a Terrella [little earth] — if it be suspended upon the poles of its own axis (along which axis the magnetic power is extended toward the Poles of the terrestrial Equator) — is turned by a diurnal revolution toward the East; which the spagyrists [alchemists] also report of the chymical or Hermetic Earth. Therefore the whole Earth too, which is a great Magnet, is turned toward the East by a diurnal revolution.


[Margin: Response.]



It is answered by Denying the Antecedent: for the experiment — which [was] not performed, but feigned in imagination by Petrus Peregrinus from his own probable conjecture — was neither found out nor held for true by Gilbert, nor by the Fathers of our Society (Athanasius Kircher, [Niccolò] Cabeo, or Niccolò Zucchi), who wrote best of all on this matter; nay rather…


[…continues on p. 469 (PDF 504) with the catchword "potiùs" — the contrary is found, [that the Terrella does not so turn].]





(printed p. 469 — within Chapter XXXIII (the Epitome): the new section opens on the twenty-nine arguments for the Sun's central situation and the Earth's annual motion, with their solutions (chs. 8–18). Arguments XXI–XXX are recapitulated with answers — from the nobility of the center, the Sun as center of the planetary system, fount of light and of motion, the fitness of the lesser circling the greater, the Microcosm analogy, the shell-thicknesses of the heavens, and Mars's perigee, ending as Kepler's nested-polyhedra argument (XXX) is introduced.)
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…[nay] rather they [Gilbert, Kircher, etc.] teach that the Magnetic power was implanted in the Earth so that it might keep itself immovably in that situation in which GOD once established it [with respect] to the Poles of the World. The aforesaid Terrella, nevertheless, is moved toward the Poles under the Meridian, if it be suspended from the poles of the Meridian, until its axis coincides with the axis of the terrestrial Equator; but this motion is not that of which we are disputing. The Earth, however, is not a great magnet. The rest necessary for this erudition, see ch. 7, from no. 9.

Twenty-nine Arguments For the situation of the Sun in the center of the Universe, and the Annual Motion of the Earth about the center of the Universe (together with the Diurnal); and their Solutions; which were handed down from Chapter 8 to 18 inclusive.


[Margin: See ch. 8, no. 2 & 3.]



[XXI.] First Argument. The center of the World is the most noble place, and the Sun [is] more noble than the Earth; therefore [the center] is owed to the Sun rather than to the Earth. It is answered by conceding the former part of the antecedent in the natural order — for in the supernatural [order] the more noble place is the Empyrean, and the lowest and worst is Hell, the place of the damned; but the latter part is denied. For the Earth, with [its] living and animal [beings], especially rational [ones], is more noble than the Sun.


[Margin: See ch. 8, no. 4, 5, 6.]



[XXII.] Second Argument. The Sun is the center of the Planetary system, since it is now certain that Mercury and Venus are moved about it, whence a like conjecture is made about the others. Therefore it ought to be the center of the Universe.


[Margin: Twofold response.]



It is answered, first, by Denying the Antecedent concerning the system of the Planets adequately [taken]: for it is not the center of the Lunar motion — nay, probably not even of Saturn's and Jupiter's, for causes handed down in their place. Secondly, by Denying the consequence: because the center of the Universe ought to be the center of all the Mundane bodies — that is, of the elements, and of all the celestial [bodies], and so also of the sphere of the Fixed [stars] and of the new Phenomena — of which kind is the Earth, or the Earth's center; and therefore the argument was Retorted against the Copernicans.


[Margin: See ch. 8, no. 7, 8, 9.]



[XXIII.] Third Argument. The Sun is the fount of Light and heat of the whole Universe. Therefore it ought to be placed in the middle of the Universe, that it may illuminate all [things] equally.


[Margin: Response.]



It is answered by Denying both the Antecedent — because it is not the fount of the light of the Fixed [stars]; and the Consequence — because it does not illuminate all the Planets equally, as is clear from the diversity of [their] phases: it suffices, therefore, if it be situated in such a heaven that it may illuminate the Earth and the Planets in the manner in which it now illuminates [them], according to the measure of divine Providence.


[Margin: See ch. 8, no. 10, 11, 12.]



[XXIV.] Fourth Argument. The Sun is the fount of the motion of the Planets, since they are attempered to its motion. Therefore it ought to be in the center of the World.


[Margin: Response.]



It is answered by Denying the Consequence: because the Sun is not the fount of the motion of the Fixed [stars], of the New Phenomena, of the Elements, etc. Nay, neither is it the efficient cause of the motion of the Planets (as Kepler feigns), but the exemplary [cause], as regards some rationale of the motion; but the Earth, with men, is the final and objective cause of the motion of the heavenly bodies.


[Margin: See ch. 8, no. 13.]



[XXV.] Fifth Argument. It is more credible that the Planets and the Earth are moved about that which is greater than all these — namely about the Sun — than that the Sun is moved about the Earth, which is smaller than many Planets.


[Margin: Twofold response.]



It is answered by conceding this likelihood if other things be equal, and [if] that which is greater in bulk be also greater in power and in perfection of substance — in which way the Earth, with men, is greater than all the Planets; but if the magnitude of bulk alone be considered, that proposition is denied. Then, if the rationale of rest is to be taken from bulk, it is therefore more credible that the Sun is moved about the elementary sphere, than this [sphere], with the Lunar heaven, about the Sun — [the Sun] being indeed much smaller than that sphere.


[Margin: See ch. 8, no. 14.]



[XXVI.] Sixth Argument. It is the Earth which needs the Sun and the other Planets, and in which there is a creature [that is] the measurer and contemplator of the divine works; but not the Sun. Therefore the Earth rather ought, by its annual translation, to approach the various parts of the world to be contemplated, and to carry back thence the wages [merchandise] of the influences.


[Margin: Response.]



It is answered: the Earth needs the stars not as masters, but as servants — by divine command and ordination — and serving man; but for contemplating and measuring the intervals and magnitudes of the heavenly bodies, the motion of the Earth confers no more than the motion of the Sun and the rest of the heavenly bodies about an immovable Earth, since the same [things] appear on either hypothesis; and it suffices that man go forth into the open, and, by observations duly made, measure the motions, intervals, and magnitudes of the heavenly bodies.


[Margin: See ch. 8, no. 15.]



[XXVII.] Seventh Argument. In the Microcosm — that is, in man — the feet are moved, not the head, by progressive motion. Therefore also in the Macrocosm — that is, in the World — the Earth ought to be moved, not the Sun.


[Margin: Response.]



It is answered by denying the Consequence: both because the Earth is not the foot in the World — and much less on the Copernican hypothesis, since on it [the Earth] is not the lowest, but is the immovable footstool of the feet of GOD (as the Royal Psalmist speaks); and because, just as at the motion of the feet the head too is transferred, so at the motion of the earth either the Sun or the sphere of the Fixed [stars] ought to be transferred — for one or the other ought to be called the head; but the Copernicans concede neither.


[Margin: See ch. 8, no. 16 & 17.]



[XXVIII.] Eighth Argument. Unless the Sun be in the center of the World, and the Earth (with the Elements and the Lunar heaven) be moved between the convex [surface] of Venus and the concave [surface] of Mars, [then] to the Sun — the greatest of the Planets — there belongs a heaven least of all thick [the thinnest shell], and to Venus and Mars by far the greatest; and too great a space would intervene between the convex [surface] of the Sun and the concave [surface] of Mars.


[Margin: Twofold response.]



It is answered that it is a greater absurdity that no heaven [shell] be given to the Sun placed immovably in the center, than [that there be] some heaven outside the center; and [absurd] to compute the Earth, with the elements, among the celestial bodies; then, if Mercury, Venus, or even Mars be posited [as] satellites of the Sun, all these look to a single heaven: concerning which matter we said more in our new system, at the end of the third section.


[Margin: See ch. 8, no. 18 & 19.]



[XXIX.] Ninth Argument. Unless the Sun rest in the World's center, and the Earth be moved through the Annual Orb — approaching Mars and receding from it — it is necessary that Mars at Perigee be not rarely nearer to the Earth than the Sun [is], and so penetrate the heaven of the Sun, and thus the distinction of the heavens be destroyed. But this is unfitting. Therefore, etc.


[Margin: Threefold response.]



It is answered by denying the Minor: because, if the Sun rest in the center, then it has no need of a heaven [shell]; and if the Earth advance annually between Venus and Mars, it itself, with the elements, comes out [as] one of the Planets; but it is a greater absurdity to cast the Sun out of all heaven, and in its place to raise the Earth with the elements into the heaven, than [that there be] a mingling of the heaven of one Planet with [that] of another. Then, if Mars (as we said in our system) be, together with Venus and Mercury, a satellite of the Sun, the same heaven serves the Sun and these three. Lastly, since the heaven of the Planets is fluid, there is no greater necessity of assigning to the Planets a distinct heaven, than [of assigning] to birds or fishes a distinct region of air or of water.


[Margin: See ch. 8, from no. 20 to 26.]



[XXX.] Tenth Argument. If the Earth be moved by an annual motion about the Sun placed in the center of the World, and the Annual Orb of the Earth be between the concave [surface] of Mars and the convex [surface] of Venus, [then] the rationale of the number of the Planets, and of the intervals which are between the Planets, is rendered from the most beautiful proportions — worthy of God the Maker — namely from the commensurations of the five Regular bodies inscribed in or circumscribed about the spheres. Therefore it is far more probable that the Earth is thus moved than not moved. The Antecedent is proved: because if you circumscribe a Dodecahedron about the annual orb of the Earth, the sphere circumscribed about this will be the concave [surface] of the orb of Mars; but if you circumscribe a Tetrahedron about the convex [surface] of the orb of Mars, the sphere comprehending it will be the concave [surface] of the orb of Jupiter; and if you circumscribe a Cube or Hexahedron about the convex [surface] of the orb of Jupiter, the sphere embracing it will be the concave [surface] of Saturn; then, if you inscribe an Icosahedron in the concave [surface] of the Annual orb, the sphere inscribed in this Icosahedron will be the convex [surface] of the orb of Venus; finally, if you inscribe an Octahedron in the concave [surface] of Venus, the sphere inscribed in this will be the convex [surface] of the orb of Mercury. Which Kepler called the Cosmographic Mystery, and adapted — in imitation of the Pythagoreans and Platonists — to the order and symmetry of the World; concerning which truly ingenious application, see what is said in ch. 8, from no. 20.


[…continues on p. 470 (PDF 505) with the catchword "Respon-" (Respondetur) — the response to the tenth Argument (Kepler's polyhedra).]





(printed p. 470 — within Chapter XXXIII (the Epitome): the fourfold answer to Kepler's nested-polyhedra argument — it destroys the septenary of planets, fits only two intervals, does not save the phenomena, and misapplies the solids' beauty to fluid heavens. Arguments XXXI–XXXIII, on the multiplication of motions, stations and retrogradations as optical imperfections, and phenomena explained only by the Earth's motion, are answered in turn; Argument XXXIV, on the constancy of the planets' orbital inclinations, begins.)
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[Margin: Response in fourfold manner.]



It is answered in fourfold manner. First, by denying the Antecedent: because that beauty, appearing at first sight in the distribution of the Planetary intervals, includes inwardly many absurdities, and yet does not render the rationale of the number of the Planets; for it destroys the number of the primary Planets commonly received by the wise — since it makes the Sun (one of the Planets) into a Fixed star; but the Moon, in this distribution of bodies, it does not number among the primary Planets, but makes it the companion of the Earth, and makes the Earth a primary Planet, together with the elements; but Mercury and Venus it reckons among the Primary [planets]. Wherefore from that proportion there arise only 6 Planets — that is, Saturn, Jupiter, Mars, the Earth (or the sphere of the Elements), Venus, and Mercury. But what [is] more absurd than that the two great Luminaries — by whose most evident motions to sense the years and months are distinguished — should be expunged from the white list of the Planets; and that famous Septenary number of the Planets (as it were the Heptachord [seven-stringed lyre] of the World), far more known and celebrated than the Pythagorean distribution of the Mundane bodies [is], should be torn apart?


[Margin: 2nd Response.]



Secondly, the Antecedent is denied: because not even thus is the rationale of the Planetary intervals adequately rendered, since the rationale of the thickness of the heavens is not rendered — especially of Saturn and Mercury — nor of the interval between Saturn and the Fixed [stars]; nay, of the remaining five intervals there are only two which closely correspond to the distances due to the Copernican hypothesis and deduced from observations — namely [those] of Mars and Venus; the rest differ greatly, and cannot be fitted to the proportions of the Regular bodies except by numbers violently begged [forced], as I taught in ch. 8, no. 25, in the 4th response.


[Margin: 3rd Response.]



Thirdly, the Consequence is denied: because, if we should wish to measure [exactly] the Planetary intervals to the measures of the Regular bodies, the Phenomena are not saved, as I taught in the same place, in the 2nd response.


[Margin: 4th Response.]



Fourthly, the Consequence is likewise denied: because that proportion and beauty of the Regular bodies does not seem suited to the Physical effects which divine Providence willed to be in the nature of things — for it consists in the determinate number of regular faces by which those five [Regular] bodies are bounded; but the intervals of the Planets are not taken from bodies as bodies are [qua solids], nor in the fluid heavens is there a real distinction of heavens — much less of Regular bodies — nor do they [the solids] flow into [influence] these lower [things] as such bodies, but by reason of light, and of the influences flowing through light into the lower [things]. Besides that neither the Platonists nor the Pythagoreans distributed those bodies thus, but assigned to Earth the Cube, to Fire the Tetrahedron, to Air the Octahedron, to Water the Icosahedron, and to the globe of the Universe the Dodecahedron — and indeed not looking to quantity and measure (as Kepler does), but speaking metaphorically, and other properties being regarded — namely, in the Cube stability, in the Tetrahedron (or pyramid) of Fire mobility, etc. — as may be seen in Plutarch (bk. 2 On the Opinions [of the Philosophers], ch. 6). But that Harmonic proportions are found even on the hypothesis of an immovable Earth, Kepler himself confessed, as I taught in ch. 8, no. 26.


[Margin: See ch. 9, from no. 1 to 5.]



[XXXI.] Eleventh Argument. Motions, or the instruments of motions, are not to be multiplied without necessity. But if the Earth rest, the motions of the second Anomaly are multiplied in the five lesser Planets, and the instruments of these motions — namely, three Epicycles in the three superior [planets], and two Eccentrics in the two inferior Planets — and indeed without necessity, since all those [things] can be furnished by the single Annual Orb of the Earth. Therefore the Earth is moved through the Annual orb rather than at rest.


[Margin: Twofold response.]



It is answered, first, by Denying the Minor: because they are not really multiplied, if there be a single spiral motion in each. But the multiplication of apparent motions arises from a twofold necessity. The first is that the motions which are evident to sense be saved — of which kind is the Sun's motion, and the harmony of the other Planets attempered to the Sun's motion — and that there not be introduced in their place the motions of the Earth and of the other elements, from which the intellect shrinks more than from the mere multiplicity of motions. The other necessity is, lest other motions, more manifold and differing in species, number, and accidents, be multiplied — namely the annual motion in the Lunar heaven, in the Earth and all the Elements, and the inhabitants of the elements. Secondly, it is answered by distinguishing the Major, and denying it concerning mere arithmetical multiplication, [but] conceding it concerning a multiplication useless or superfluous for the end intended by God and by Nature — for the sake of which end, in many other [matters] too, [Nature] accomplishes by more [means] what could otherwise be done arithmetically by fewer, but not equally well, nor [thereby] obtaining the end.


[Margin: See ch. 9, from no. 6 to 9.]



[XXXII.] Twelfth Argument. In the apparent motion of the Planets there are many imperfections, if that motion were really such as it appears — but especially the Stations and Retrogradations, and the excess of the Epicycle of Mars and Jupiter over the Epicycles of the others (when nevertheless their Eccentrics are very small); and the more frequent vicissitudes of Stations and Retrogradations in the slower Planets; and the like. But if these be not real, but merely apparent, they are not Physical imperfections but Optical, and more tolerable. But if the Earth be not moved, they are real Physical [imperfections]; if it be moved, they are merely apparent and Optical — for they all come about on account of the approach of the annually-moved Earth to the Planets (going in a mere and simple eccentric toward the East), or on account of the recession of the Earth from them. Therefore the Earth is moved annually rather than not.


[Margin: Response in fourfold manner.]



It is answered. First, by Denying absolutely that they are imperfections; for neither is inequality in motion, nor the pauses, nor the quickening and retardation — [when] congruous to the end of the motion — an imperfection, but a perfection, not otherwise than in harmonic concords and rhythmic dances. Secondly, by Denying that they are imperfections comparatively — that is, greater than those which must be admitted on the hypothesis of an Earth moved annually and daily. For all motion of the Sun must be extinguished (which is worse than a momentary station, or the retrogradation of some Planets); and the Earth with the elements must be transferred into the heaven; and innumerable motions must be attributed to all the inhabitants of the Earth, the Water, and the Air neighboring the Earth; and the Lunar heaven must be inserted between Mars and Venus, and moved with the Earth by the annual motion, etc. Thirdly, by Denying that they are real imperfections on the one hypothesis and apparent on the other: for on both they are apparent, because they arise from the position of the eye — for if the eye were at the center of the Epicycle of the five Planets, they would seem always to go forward. Fourthly, the argument was Retorted: because on the hypothesis of the Earth's annual motion mixed with the diurnal, it is necessary to admit a far more frequent species of Stations and Retrogradations, and an inequality of the motion mixed of the diurnal and annual — and indeed without any necessity or foundation taken from the senses, which perceive no motion of the Earth, much less an inequality of it. But these [things] cannot be perfectly understood unless what is said is read (ch. 8, from no. 6 to 9, and ch. 14, from no. 4). Moreover, that the rationale of the Stations and Retrogradations can be rendered on the Tychonic hypothesis too, and on others equipollent [to it], Kepler confessed, as I taught in the same place.


[Margin: See ch. 9, from no. 10 to 12.]



[XXXIII.] Thirteenth Argument. There are many other [things] in the heaven, of which a sufficient rationale cannot be rendered by the hypotheses of others, [but] which nevertheless is rendered by the single annual motion of the Earth, approaching the Planets and receding from them. Namely: why the Eccentrics of the Sun, of Venus, and of Mercury have equal revolutions; why the Superior Planets appear now greatest, now least, and why in opposition with the Sun they are always low [near], and in conjunction high [far], etc. Therefore the Earth is moved by the Annual motion.


[Margin: Twofold response.]



It is answered, first, by Denying the Antecedent: for on the hypothesis of others too a sufficient rationale is rendered. For whether the Earth itself approach the Planets (moved by no other motion than a single [one] in longitude), or — the Earth being immovable — the Planets themselves approach the Earth by a double apparent motion, the same Phenomena come about; nay, fewer motions are made if the individual Planets (as we posit) are carried round by an Intelligence through a single spiral line, representing several motions in length and breadth. Secondly, the Consequence is denied: because, granted that the rationale of the aforesaid effects be rendered by the annual motion of the Earth, yet many other more absurd [things] would lie hidden in this motion, which we have more than once indicated above, and others still will be uncovered in the following chapter.


[Margin: See ch. 9, from no. 13 to 15.]



[XXXIV.] Fourteenth Argument. If the Earth be moved by the annual motion, the inclination of the orbit of the five lesser Planets preserves a constant angle, nor is there need of a libration of the orbs, or of a tortuosity [twisting] of the Planet's path…


[…continues on p. 471 (PDF 506) with the catchword "secus" — "otherwise [if the Earth be still, a libration is needed]."]





(printed p. 471 — within Chapter XXXIII (the Epitome): heliocentric Arguments XXXIV–XLIV are recapitulated with their solutions — the constancy of orbital inclinations, the Equant, seasonal changes in the stars' size, Jupiter's satellites, the Moon's libration, the 1572 nova, comets' paths, the shifting meridian, the varying pole-altitude (including Mersenne's plumb-line experiment, in which Riccioli himself found no certain difference), and sunspot paths. Argument XLIV, on the trade winds implying an annual breeze, begins.)
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…[the inclination preserves a constant angle], but it is otherwise if the Earth be not so moved. Therefore the Earth is so moved.


[Margin: Twofold response.]



It is answered. First, by Denying the Antecedent: since that constancy of the angle can be saved on the other hypotheses of a resting Earth too, as I taught in ch. 9. Then the consequence is denied: because on the hypothesis of a moving Earth many other [things] far more imperfect lie hidden, than would be an inconstant inclination of the orbit and a tortuous path of the Planets.


[Margin: See ch. 9, no. 16 & 17.]



[XXXV.] Fifteenth Argument. The Equant circle in Astronomy is discordant [absurd], since with respect to it the Planet is posited to be moved equally, even though it be not moved in that circle, but in another. But this imperfection is removed by the Annual motion of the Earth, [and] not by [its] rest. Therefore, etc.


[Margin: Response.]



It is answered. First, by denying the Major, if the Equant seem absurd because it supposes a real inequality in the motion of the Planets: for that this is to be admitted, and is not an imperfection, we taught sufficiently in sect. 2, ch. 4. Secondly, we denied the Minor: for the imperfection of the Equant, taken for the bisection of the Eccentricity, is neither removed on the hypothesis of Kepler and Boulliau (who nevertheless posit the Annual motion of the Earth); and is removed on the hypothesis of Tycho, Longomontanus, and Ours.


[Margin: See ch. 10, no. 1.]



[XXXVI.] Sixteenth Argument. The same Fixed stars seem swifter and greater than themselves (other things being equal — in the serenity of the air and the distance from the horizon) at one time of the year than at the other, opposite [time], as John Stadius, John Pena, and Rothmann affirmed; therefore it is a sign that the Earth approaches them at one time, and recedes from them at another time.


[Margin: Response.]



It is answered by denying the Antecedent: which is contradicted both by our [own] and the common experiment of observers, and by Copernicus's own hypothesis — in which it is supposed that, through the annual orb, no Parallax (or sensible diversity of aspect) befalls in the Fixed stars.


[Margin: See ch. 10, no. 2.]



[XXXVII.] Seventeenth Argument. The revolution of the satellites of Jupiter about Jupiter is not regular, if it be estimated from lines drawn from the center of the earth; but it is [regular], if from the center of the Sun — so observing Simon Marius. Therefore the Earth rather than the Sun is moved by the annual motion.


[Margin: Response.]



It is answered, the Antecedent being granted (about which, nevertheless, one may doubt), by Denying the consequence: for from this it is not concluded that the Earth moves, but at most that the Sun is the center of the motion of the Planets, or is the exemplar for Jupiter of revolving its own satellites in the manner in which the Sun carries round its own [satellites], Venus and Mercury.


[Margin: See ch. 10, no. 3, 4, 5.]



[XXXVIII.] Eighteenth Argument. The variation of motion and the libration of the Lunar body is better explained on the supposition of the annual motion of the Earth. Therefore, etc.


[Margin: Response.]



It is answered by denying the Antecedent: both because they are explained equally well by a little libratory circle; and because that libration and variation is monthly, and accordingly does not have a congruous rationale from the annual motion as such; and because many [things] in it have been falsely supposed by Hevelius and Boulliau, which we shall uncover in the Appendix to bk. 4. Besides that there are many other absurd [things] in the Earth's motion, which prevail over this very slight convenience, if there were any.


[Margin: See ch. 10, no. 6.]



[XXXIX.] Nineteenth Argument. The new Star which appeared in Cassiopeia in the year 1572 gave an indication of the Earth's approach to it, on account of its increase [in brightness]. It is answered by denying the antecedent: since it continually decreased — even then, when the Earth (if it had been moved annually) would have approached it; see what is said in ch. 10, no. 6.


[Margin: See ch. 10, no. 7.]



[XL.] Twentieth Argument. The trajectory of Comets — as regards the motion both of longitude and of latitude — is much more readily explained on the hypothesis of the Earth annually carried round. Therefore the Earth is moved annually.


[Margin: Twofold response.]



It is answered. First, by Denying the Antecedent: since rather Tycho confirms thence the rest of the Earth — because, if the Earth were moved by this motion, some Comets ought to have appeared Retrograde and slower, which nevertheless did not appear such. Secondly, by Denying the Consequence: both on account of the other absurdities of the Earth's annual motion (indicated ch. 9, from no. 5), which extinguish this little spark of probability violently extruded from the Comets; and because Kepler supposes a rectilinear and orderly-decreasing motion in the Comets, when he has demonstrated neither. But we have said more on this matter, both in ch. 10, no. 7, and in bk. 8, sect. 1, ch. 26.


[Margin: See ch. 11, from no. 1 to 5.]



[XLI.] Twenty-first Argument. The Meridian Line gradually, and after some ages, changes its position, and declines from the pristine plane of the Meridian. Therefore this arises from the motion of the Earth.


[Margin: Response.]



It is answered. First, by Denying the Antecedent: which Joseph Scaliger deduced from most fallacious a priori principles, and Cesare Marsili from slippery little observations. Secondly, by Denying the Consequence: because the Copernican hypothesis rather requires a stable appearance of the Meridian line; but see what is said in ch. 11, from no. 1 to 5.


[Margin: See ch. 11, from no. 6 to 16.]



[XLII.] Twenty-second Argument. The altitudes of the Pole of the same place have been found to vary — either after many ages (as Domenico Maria, Joseph Scaliger, John Stadius, and Giovanni Antonio Magini noted); or at least twice a year (as Rothmann observed); or finally daily (as Alexander Calignon observed, from the nodding of plumb-lines toward the sides of the world, nor did Gassendi deny it). Therefore the Earth is moved annually. Which one could confirm, if a Plumb-line 40 Parisian feet high and 5 pounds in weight, on the day of the summer Solstice, should perform 20 or 30 fewer vibrations [oscillations] in one hour in the evening than in the morning — as Mersenne thought that hence the truth of either hypothesis could be decided, and wrote to the Most Illustrious Count of Alais, Governor of the Province, a copy of whose letter Fr. Paolo Casati showed me.


[Margin: Twofold response.]



It is answered. First, by Denying the Antecedent, and uncovering the fallacies — nay, even the contradiction — in the observations. Secondly, by Denying the Consequence drawn from the first and third species of change: for from those there would follow a secular [age-long] motion, or a diurnal [one] toward the poles, but not an annual [one]; and yet to that [annual one] the magnetism of the Earth is repugnant — [the magnetism] attributed by many Copernicans for this very reason, that the Earth may keep itself in the same situation with respect to the Poles. But see ch. 11, from no. 6 to 16.


[Margin: Argument from the vibrations of the Plumb-line, for distinguishing the Ptolemaic and Copernican Hypotheses.]



As for the number of the evening vibrations of the plumb-line, etc.: I have answered that such an experiment is tried in vain, since it would be better tried with a shorter plumb-line (as exhibiting a greater number of vibrations); and yet to us — neither in the morning, nor in the evening, nor around Noon nor Midnight (which would be better, because then the difference which the diurnal motion would add to the annual would be more evident than in the morning or evening) — did any certain and sensible difference appear between the vibrations of one hour (the hour marked equal from the transits of the stars) and [those] of another. Nor can such a difference arise of itself from the motion of the earth, since the plumb-line itself ought to comply with either motion of the earth, according to Copernicus; and all the phenomena of natural motions ought to be equally saved on either hypothesis — whatever be [the case] concerning violent or preternatural [motions].


[Margin: See the whole chapter 12.]



[XLIII.] Twenty-third Argument. The apparent path of the Solar Spots [sunspots], and their truly admirable and most certain vicissitudes, are explained by simpler and fewer motions if the annual motion of the Earth be asserted, than if [that] of the Sun. Therefore the Earth rather than the Sun is moved annually.


[Margin: Twofold response.]



It is answered. First, by Denying the Antecedent: for on either hypothesis only three real motions are necessary to maintain the Phenomena of the Solar Spots. Namely, on the hypothesis of a moving Earth: the Annual motion of the Earth, the Diurnal motion of the Earth, and the motion of the Whirling of the Sun about its own center. But on the hypothesis of an immovable Earth there are required: the spiral motion of the center of the Sun (but slower than the motion of the Fixed [stars] and of the Primum Mobile, and so representing in itself a single [combined] diurnal and annual motion); and the annual motion of the poles of the mobile Solar Axis about its own fixed axis, carried out from West to East; and a third motion, of a quasi-monthly whirling about another mobile axis, from East to West. Wherefore in the number of real motions there is parity; but in this there is disparity — that these motions are distributed by Galileo among two really distinct subjects (namely the diurnal and annual [motion] to the Earth, and the monthly whirling to the Sun), and therefore it is no wonder if the Sun's motion seems simpler; but by Scheiner all three [are attributed] to the same subject, namely the Sun; and these motions are more evident to the senses. Secondly, the Consequence is denied, on account of the many other inconveniences lying hidden in the motions of the Earth — but [these have been] indicated often already, and especially in ch. 9, from no. 5.


[Margin: See ch. 13, no. 1.]



[XLIV.] Twenty-fourth Argument. [The twenty-fourth argument] is taken from the perpetual wind which is felt toward the West, especially in the Torrid Zone [the trade winds]; for hence some beg also for the annual motion some breeze. But this argument would require continuous winds, and [winds] in the whole tract of the Torrid [Zone] —


[…continues on p. 472 (PDF 507) with the catchword "tos" (ven-tos) — "…winds, which are not [found everywhere]."]





(printed p. 472 — Chapter XXXIII concludes its epitome of the 29 pro-motion annual arguments (XLIV–XLIX), dismissing among others Galileo's celebrated tidal argument — deservedly "hissed off the stage" — and the argument from accelerated fall. Chapter XXXIV then opens the epitome of the immobility arguments: thirty-eight against the diurnal-plus-annual motion (chs. 19–24), beginning with Argument I on the real velocity-increment of falling bodies.)
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…[winds], if the cause were from the motion of the Earth; which, however, is false according to history; and a more probable cause shows itself in the Sun, successively exciting now these, now other vapors and exhalations, while it is moved toward the West. Nay, such a wind would have to be toward the East by day, and toward the West by night — which is very much to be noted.


[Margin: See ch. 13, no. 2.]



[XLV.] Twenty-fifth Argument. The metallic fibers and veins in mines appear turned toward the East; therefore [this is] from the annual motion of the Earth toward the East. But the Consequence is denied: because, if this is true, it arises from the illumination of the Sun, which rises and takes [its] increase from the eastern quarter; for why would the rivers (which are more fluid) not bend their course toward the East on account of the Earth's annual motion, very many obstacles being overcome? But it is truer that those veins are turned toward the Poles of the world, as appears in quarries, and in the cut trunks of trees.


[Margin: See ch. 13, no. 3.]



[XLVI.] Twenty-sixth Argument. An iron plate, suspended in a small and closed chamber by a brass thread at equilibrium, so that it looks with one end toward the East and the other toward the West, nevertheless at length turns itself toward the poles; whence some have suspected a cause from the motion of the Earth mixed of the annual and diurnal — when nevertheless they ought rather to recognize the magnetic power of the iron, directing itself toward the poles of the world.


[Margin: See ch. 13, no. 4.]



[XLVII.] Twenty-seventh Argument. Some take [it] from the danger of putrefaction, unless the Earth be either perpetually agitated, or preserved by a soul as by salt. But corruption on the surface of the earth is not now wholly avoided, since in many parts it follows; but in the deep [interior] it is feared in vain.


[Margin: See the whole ch. 14.]



[XLVIII.] Twenty-eighth Argument. The alternating vicissitudes which all the Schools have hitherto admired in the Tide of the Sea — whether you regard the diurnal [tides], which mostly return in six hours; or the monthly [ones], which vary notably at the New and Full Moons; or the annual [ones], which have a notable diversity at the Equinoxes and Solstices — are explained in no other more convenient way, and [by] no more evident (or at least more probable) cause adduced, than by the unequal motion of the Earth, arising from the various commixture of the diurnal motion with the annual. Therefore, even from this one convenience, both motions of the Earth come out more probable than [its] rest. But how Galileo — and Gassendi subscribing to him — expound the flux and reflux of the Sea by both motions of the Earth, see ch. 14, from no. 1 to 10.


[Margin: Response.]



It is answered by Denying the Antecedent: both because that inequality which would arise from the diurnal and annual motion of the earth would be insensible, and without a sudden change of itself, and so unfit for shaking the Earth, and by the shaking for causing the tide of the sea; and because even if it were sensible, it would not be sufficient to produce the very many varieties of the tides which are manifest; nay, Galileo's doctrine would overturn the most certain Rules of the most expert Skippers [sea-captains], which depend on the phases and motions of the Moon; and the greatest part of the history concerning the Tide of the Sea would be false. But on the other hand, although no opinion concerning the cause of the Tide of the Sea has yet shone forth which removes all difficulties and satisfies the intellect contemplating all the differences of the tides, yet there are some which are much more probable than Galileo's opinion — which therefore Claramonti, Cabeo, and Fournier deservedly hissed off the stage [derided]. But to curb Galileo's boasting in this argument, it seemed good to us, in ch. 14, by a most diligent inquiry, to gather the history of the motions of the Sea, and especially of the tide (which we did from number 11 to 20); and the most select Rules of the Skippers (which is performed from no. 20 to 22); and finally the opinions concerning the cause of the Tide of the Sea (namely from number 23 to 43) — which being read through, the whole argument of Galileo will doubtless vanish, just like a bubble or thinnest foam of the Sea. Whatever be [the case] concerning the system of Mr. Giovanni Battista Baliani, by which he asserts that the Tide of the Sea is better explained with the Moon placed at the center and the Earth [moving] about it — which he devised not absolutely, but in order to overcome Galileo's hypothesis by a better hypothesis — yet out of reverence toward the decrees of the Sacred Congregation he did not publish [it], as we said in ch. 15.


[Margin: See the whole chs. 16 & 17.]



[XLIX.] Twenty-ninth Argument. By the diurnal motion of the Earth alone, together with the annual, the difficulty is removed of rendering the reason why Heavy and Light [bodies], in their natural descent or ascent, acquire a continuous increment of velocity — that is, are moved swifter and swifter toward the end; for it is shown that their motion is in reality circular, and uniform in the spaces of the World; granted that to us — transferred together with them — it appears rectilinear and unequal. Therefore, even on account of this single cause, the motion of the Earth is more probable than [its] rest.


[Margin: Twofold response.]



It is answered, first, by Denying the Antecedent: because by the figure of motion ascribed to this motion by Boulliau, or especially by Galileo, the real difference of the impact of Heavy [bodies] is not saved — [a difference] which is the greater, and patent by most manifest effects, the higher the place from which some Heavy [body] descends; and it presupposes a real increment of impetus, acknowledged elsewhere by Galileo (but [there] forgetting himself). Then, by the same figure, the circular motion of Heavy [bodies] is not saved, unless they be in the plane of the Equator, and of such slowness that they would require precisely 6 hours for their arrival at the center of the earth, and the motion of the Earth be diurnal only; although, not even on these conditions being posited, would that line be circular from the beginning to the end of the motion. But outside the Equator, the line of this motion would be a spiral about a Cone or Cylinder — but always unfit for saving the real difference of the impacts, because the motion of Heavy and Light [bodies] would in reality be uniform, or without sensible inequality. Secondly, the Antecedent is denied as to the particle only. For by another and more Physical, and better, way the reason of the aforesaid increment is rendered; for which cause, the opinions of others having been gathered in ch. 18, it pleased [us] to subjoin also our own opinion concerning the cause of this increment.


✠ [Chapter XXXIII ends here.]






Chapter XXXIV, The Arguments, with the Solutions of very many [of them], hitherto made For the Immobility of the Earth, are reduced into an Epitome. And First, Thirty-eight Arguments Against the Diurnal motion together with the Annual, from Chapter 19 to 24 inclusive.


[Margin: See ch. 19, from no. 1 to 7. — No solid response.]



[I.] First Argument. Many heavy bodies, dropped through the air in the plane of the Equator, would descend to the Earth with a real, and not merely apparent, increment of velocity. But if the Earth were moved by the motion of the diurnal whirling, they would not descend with a real increment, but only with an apparent increment of velocity. Therefore the Earth is not moved by the motion of the diurnal whirling. The Major has been demonstrated from our and others' most certain experiments — made outside the Equator indeed, but shown to hold even in the Equator. The Minor too has been demonstrated from the Uniformity of the real motion, which [the bodies] would necessarily preserve by the force of the diurnal whirling; and the Argument is in [syllogistic] form. And therefore no solid response could be found, by me at least, to this argument; but it extorted — on account of [its] Physico-mathematical evidence — a necessary assent from me and from others to whom I proposed it. Yet some frivolous and insufficient responses have been adduced, and rejected, at number 5. But the same Argument was applied (ch. 19, no. 7) to Heavy [bodies] placed outside the Equator.


[Margin: See ch. 19, from no. 8 to 15. — No solid response.]



[II.] Second Argument. It is entirely the same as the preceding, but in the Minor the Annual motion too has been added, and in the Conclusion the same [is] excluded: which argument has been demonstrated in ch. 19, from no. 8 to 15 inclusive. Nor can those demonstrations — being subaltern to Geometry rather than to Physics — be reduced to a compendium; yet they tend to this, that it be demonstrated that the motion of Heavy [bodies], if the Earth were moved by the diurnal and annual motion together, would still be really uniform (or without sensible inequality), and accordingly Physically repugnant to a real increment of impetus — which from the stronger impact we certainly know. And so to this argument too no solution could hitherto be found which was not sophistical, and full of empty evasion. The same argument likewise was applied (ch. 19, no. 15) to Heavy [bodies] placed outside the Equator.


[…continues on p. 473 (PDF 508) with the catchword "III. Ter-" (Tertium) — the third anti-motion argument.]





(printed p. 473 — within Chapter XXXIV, the immobility epitome continues with Arguments III–XI against the Earth's motion, chiefly from falling and rising bodies. The Copernican responses are repeatedly judged "begged" from the hypothesis or "of little firmness"; the centerpiece is Argument VI, that heavy bodies evidently fall by a straight perpendicular — if that is not evident to sense, "the whole science of Physics will perish.")
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[Margin: See ch. 19, no. 16 & 17.]



[III.] Third Argument. If the Earth were moved by the diurnal motion, the same Heavy [body] — retaining the same gravity, figure, bulk, density, and all the other intrinsic conditions, and dropped from an equal height through air of the same temperature — would nevertheless not descend with equal velocity, whichever part of the Earth it be dropped above: for [a body] dropped at the Equator would descend without real inequality, by a curved line (granted that it would apparently descend unequally, by a straight line); but [a body] dropped above the poles of the terrestrial Equator would descend — not apparently only, but even really — by a straight line, accomplishing in equal times unequal spaces, as was shown in ch. 19, no. 16. But this is absurd in itself, and against the nature of heavy [bodies] holding themselves in the same way; nor is the absurdity avoided in any other way than by supposing the hypothesis of the diurnal motion of the Earth, with circumstances feigned by the Copernicans. But the motion of the earth is controverted, and ought not to be supposed as known, but to be proved or disproved from [things] better known; and it is better known that the same [thing] remaining the same, if it be a natural agent, always does the same, than [it is known] that the Earth moves.


[Margin: Three responses rejected.]



Three responses, by which the argument might be eluded, are rejected (ch. 19, no. 17) as empty: one which is sought from the air being thicker under the poles; another which [is sought] from the magnetic power of the earth; and a third, which [is sought] from the twofold power of Heavy [bodies] — one moving [them] downward for the good of the parts of the Heavy [bodies], the other moving [them] circularly for the common good of the parts following their whole [the Earth] — which [twofold power] is plainly feigned from the presumption of this hypothesis; otherwise it serves no good, since it is better for heavy [bodies] to arrive at their place and their whole by a straight and shortest way, etc. — about which [see] there. Wherefore the aforesaid Argument has Physical evidence.


[Margin: See ch. 19, no. 18.]



[IV.] Fourth Argument. It is the same as the 3rd, but applied to excluding the Annual motion: for, that being posited, there would still be no diurnal motion at the poles of the Earth; wherefore Heavy [bodies] would not have to traverse that portion of the line which, outside the poles, they would have to traverse by the force of the diurnal motion, but only that [portion] which [they traverse] by the force of the annual motion, transferring the poles; and therefore the motion would in reality be unequal, precisely on account of the descent over diverse parts of the Earth.


[Margin: See ch. 19, no. 19.]



[V.] Fifth Argument. It is the same as the 1st, 2nd, 3rd, and 4th, but applied to Light [bodies] tending upward: which — on account of the real increment of impetus observed by us, by certain experiments, in Light [bodies] too (though not so obvious to everyone) — compels us to retain the immobility of the Earth.


[Margin: See ch. 20, no. 1.]



[VI.] Sixth Argument. It is Physically evident that Heavy [bodies] naturally descend by a straight line perpendicular to the Earth, and, if they have been thrown upward along it, fall back by the same [line] into the same place; and [it is] so evident that its evidence can be convicted of falsity neither by other more certain sensations, nor by any necessary a priori reasons, nor by [things] revealed by God; and so sense, and the intellect leaning on sensations of this kind, is in possession of this evidence, nor can it ever be cast down from it on account of mere congruences [adduced] for the opposite. But now, if the Earth were moved by the diurnal or even the annual motion, Heavy [bodies] would really descend by a curved and longer line, as has now been demonstrated (ch. 17, from no. 16), and the Copernicans themselves confess [it].


[Margin: Invalid response.]



All the responses at length conspire to this, that they teach the sense to be fallacious, and accordingly that only this is evident, under a disjunction — one of two [things]: namely, that Heavy [bodies] descend either by such a line as that by which they appear to descend (namely by a straight [line]), or by [one] different from that by which they appear to descend; but which of these it is must be determined from somewhere other than from sense, since the senses are fallacious and cannot discern it. But that disjunctive proposition is evident not only Physically, but also Mathematically and Metaphysically; for us, however, in this place the Physical evidence suffices — [evidence] which not the sensation of one, or of a few men or times, but of all, [a sensation] almost infinitely repeated, has produced, and which holds its force so long as the contrary is not proved. But I have said more concerning the degrees of this and of other species of evidence in ch. 20, no. 6. Certainly, if it is not evident to sense that Heavy [bodies] descend by a straight line, nothing will be evident to it, and the whole science of Physics will perish: for nothing is so presented to sense which could not be otherwise by the absolute power of God.


[Margin: See ch. 20, no. 10.]



[VII.] Seventh Argument. The nature of Heavy and Light [bodies] demands that they return to their place, and be united to their whole, by the shortest possible way. But if the Earth were moved by the diurnal or even the annual motion, they would not return to their place by the shortest way — not, namely, by a straight [line] perpendicular to the earth, but by a much longer curved [one], as we showed in ch. 20, no. 10. Therefore the Earth is moved neither by the diurnal nor the annual motion.


[Margin: A response of little firmness.]



It is answered that the shortness of this return is not to be taken absolutely, but comparatively with respect to the motions necessary for Heavy [bodies] — among which is the curvilinear [motion], that they may fall into the place over which they once perpendicularly impended when they were dropped. But who does not see that this is begged [beggar-like] not from the nature of Heavy [bodies], but to defend the hypothesis of the earth's motion? For it was more connatural for Heavy [bodies] to be moved downward by a straight perpendicular line, and after their union with the Earth to rest with it [when it is] resting, or to be moved circularly with it [when it is] moved; but, that they may fall into the same place, it was necessary to feign this longer motion by a curvilinear way. A better response seemed [to be] that of those conceding the Major, unless — the Earth being at rest — the diurnal motion in the stars and the motion of the second inequality in the five lesser Planets had to be multiplied. But that more motions are multiplied in the World if the Earth move than if it rest (the motions of the heavenly bodies also being computed), we have already said in the preceding chapter, in the responses to Arguments 13, 14, and 11 (no. 31); and so either Response seems of little firmness.


[Margin: See ch. 20, no. 12 & 13.]



[VIII.] Eighth Argument. If the Earth be not moved, a most natural reason can be rendered why Heavy [bodies], in descending, tend to the place to which we see them tend — namely, that as soon as possible and by the shortest way they may be beneath the less heavy [bodies], and thus occupy the place due to them in the system of the elements. But on the contrary, if the Earth be moved, such a reason cannot be rendered, except by recurring to the very motion of the Earth, which is in controversy; for why does water, dropped onto dust or sand or live coals, fall into the dust or into the coals (by which it is to be absorbed) — certainly not in order to be joined to the sand or the coals, etc.? But see the whole discourse made in ch. 20, from no. 12. Certainly, from these [things] which we know, no one of sound judgment would say that a rock placed near the center of the Earth would ascend, through the water set all around [it], to the rest of the earth, that it might be united to its whole — since neither do we see a rock dropped down a well cling to the side of the well, that thus it might at once be united to its whole, namely the earth.


[Margin: A response of little firmness.]



Any response supposes what is in question, and, prior to [the establishing of] the motion of the Earth, has no foundation.


[Margin: See ch. 20, no. 11.]



[IX.] Ninth Argument. The species of motions, or diverse inequalities, and diverse degrees of velocity in the same movable [body], are not to be multiplied without necessity. But they are multiplied, if the Earth be moved by the diurnal or even the annual motion: as was shown in ch. 20, no. 11.


[Margin: A response of little firmness.]



It is answered by denying that this happens without necessity; for [they say] it happens lest the diurnal motion be multiplied in the Fixed [stars] and in the Planets, and besides [lest] in the Planets [there be] the Epicyclic motion. But the Response collapses, because in reality more motions are posited in the World-system if the Earth move than if it rest, and without a foundation taken from the senses — nay, against sense. For the apparent motion in the Planets and in the Fixed [stars], though the earth be at rest, is single in each — namely the diurnal [motion] toward the West, but slower in those nearer the Earth; on account of which slowness it is believed that there is another motion toward the East.


[Margin: See ch. 20, no. 14.]



[X.] Tenth Argument. If an Angel were to let down a metallic sphere of great weight, hung from a chain, holding the other end of the chain immovable, that chain would be stretched perpendicularly toward the Earth by the force of the sphere; but according to the Copernicans it ought to be bent obliquely toward the East. But from this neither hypothesis can be convicted of falsity, because everyone must imagine this experiment according to the properties of his own hypothesis.


[Margin: See ch. 20, no. 15.]



[XI.] Eleventh Argument. The motion of the Earth being posited, none of the straight lines which we mark out by cord, thread, or ink would in reality be straight; but before God and the Angels they would be diverse figures, etc. But the Copernicans will deny that [these] are absurd to those who understand the reasons for which they assert the Earth's motion; and since they have once dared to deny the Physical evidence…


[…continues on p. 474 (PDF 509) with the catchword "cam" (Physi-cam) — completing the eleventh anti-motion argument.]





(printed p. 474 — Chapter XXXIV continues with Arguments XI–XXVI, the cluster of mechanical and ballistic arguments against the Earth's motion, including cannonball experiments fired toward the poles versus east and west and Grimaldi's demonstration of unequal projectile impact. Several of these — notably XVII, XIX, XX, XXIII, and XXV — Riccioli marks as having no solid Copernican response.)
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…[and since they have once dared to deny the Physical evidence] of the natural motion of heavy [bodies] by a straight line, what wonder if, in other similar [cases] too, they have denied the real straightness of the lines drawn by us, and conceded only the apparent [straightness]?


[Margin: See ch. 21, from no. 1.]



[XII.] Twelfth Argument. If the Earth were moved by the diurnal or even the annual motion, clouds and birds hanging in the air — or trying to fly toward the East, and the like — would nevertheless seem to fly toward the West, as being left behind by the Earth, and by us [who are] carried with the Earth much more swiftly toward the East. But this is against the experiments. Therefore, etc.


[Margin: Response.]



The Copernicans respond by denying the Major: because all bodies akin to Earth and Water, besides their own private motion (if they have any), have also a motion common to the whole earth and water, by which they are carried toward the East with equal velocity (or through similar arcs); granted that it is not seen by us, because that motion is common to us also.


[Margin: See ch. 21, no. 3.]



[XIII.] Thirteenth Argument. [The thirteenth] is taken from the more difficult motion which there would be toward the West than toward the East, on account of the resistance of the air coming to meet [it]. But the Copernicans say that to bodies akin to the Earth — no otherwise than to the air neighboring the earth — there is a common motion toward the East.


[Margin: See ch. 21, no. 4.]



[XIV.] Fourteenth Argument. If the Earth were moved daily or even yearly, the vanes of towers, the plumes [tufts], flames, [and] smoke would be turned toward the East — or rather toward the West. But this the Copernicans deny, on account of the common motion which the terrestrial air and the other bodies akin to the Earth have toward the East.


[Margin: See ch. 21, no. 5.]



[XV.] Fifteenth Argument. [The fifteenth] is sought from the dissipation of many things which would arise from the motion of the earth; which, however, the Copernicans deny, on account of the so-often-mentioned common motion toward the East [belonging] to all bodies akin to the earth.


[Margin: See ch. 21, no. 6 & 7.]



[XVI.] Sixteenth Argument. If the Earth were turned by the diurnal whirling or even by the annual motion, the same cannonball, exploded in the same way and with the same force, would accomplish less space fired toward the East than toward the West; because the Earth, by sweeping the cannon toward the East, would pursue the Eastern ball, but would leave behind the Western ball (or [the one] fired at a Western target), inasmuch as the force impressed on the ball by the kindled powder would resist and break the [Earth's] diurnal-motion-imitating force intrinsic to the ball — just as the same [impressed force] overcomes the gravity of the same ball, not allowing it to descend for some space from the straight line along which the cannon-ball is carried (granted that in this it be overcome, namely that it carries it more slowly). But the consequent is against the experiments of Tycho and of the Landgrave of Hesse, about which [see] more in ch. 21, no. 6.


[Margin: Response.]



It is answered by denying the Major: for rather the matter would be the other way round — that is, the ball would be more distant from the cannon fired toward the East than toward the West, because toward the East both motive powers would conspire; but in a ball exploded toward the West, the force of the fiery exhalation would so resist the eastward-moving power, that nevertheless this [eastward natural power] would resist the former more, and would blunt it more — being indeed stronger, perpetual, natural, etc.


[Margin: See ch. 21, no. 8. — No solid response.]



[XVII.] Seventeenth Argument. If the Earth were moved by the diurnal or even the annual motion, the same cannon-ball, fired in the same way, would traverse a notably different space if it were fired in parallels near the poles than if [fired] in parallels near the Equator, or in the plane of the Meridian toward the poles — on account of the very slow motion of the earth near the poles, and the smaller resistance from it in the motion of the ball fired toward the poles. But this is against the experiments of Tycho, etc. Therefore, etc. To this argument no valid response appears, unless perhaps someone deny that experiments of this kind have been made. But surely they can be made; nor will the difference between the aforesaid intervals be insensible, since each motion is so violent [forceful].


[Margin: See ch. 21, no. 9.]



[XVIII.] Eighteenth Argument. If the Earth were moved by the diurnal or even the annual motion, the cannon-ball, exploded either toward the East or toward the West, would fail of striking the target; for if it were directed toward the East, it would strike above [the target], if toward the West it would strike below — because, by the force of the earth's motion, the Eastern target would be depressed, but the Western would be raised. But this is against Experiment.


[Margin: Response.]



Galileo responded, first, by recalling these experiments into doubt, as [there being] an insufficiency for discerning so great a subtlety and difference of excess or defect from the target; but [he answered] better by denying the Major, because the ball would not run along the same tangent of the Earth (as the unskilled imagine), but along now one and now another, and at the end of the motion would be found in that [tangent] which can be drawn from the target to the mouth of the cannon. But more is to be seen by you in ch. 21, no. 9.


[Margin: See ch. 21, no. 10. — No response.]



[XIX.] Nineteenth Argument. If the Earth were moved by the diurnal or even the annual motion, the impact of a cannon-ball — or [of a body] thrust by a ramrod or ballista toward one or other pole of the world — would be much weaker than the impact of the same fired toward the East or West, even if other things were equal. But this is against the Experiments: therefore the Earth would be moved by neither of those motions. About the Minor there is no controversy. The Major has been Physically demonstrated by Fr. Francesco Maria Grimaldi (ch. 21, no. 10). Nor has a response been adduced that enervates the better part of the Argument made there.


[Margin: See ch. 21, no. 11. — No response that is solid.]



[XX.] Twentieth Argument. If the Earth were moved by the diurnal or even the annual motion, the same ball — whether by cannon, or ballista, or driven by a ramrod, fired in the same way, once toward the East and again toward the West — would strike the Eastern target with a greater impact than the equally-distant Western [target]. But the consequent is utterly false, and repugnant to our experiments, and to those obvious to anyone; therefore the Earth is moved by neither the diurnal nor the annual motion. To which argument no solid response has been found.


[Margin: See ch. 21, no. 12.]



[XXI.] Twenty-first Argument. If the Earth were moved by the diurnal, or also the annual, motion, the same movable [body] could be moved at the same time by two contrary motions; for whatever [things] we now see moved toward the West would nevertheless also be moved toward the East with equal motion with the Earth. But this is impossible. Therefore, etc.


[Margin: Twofold response.]



It is answered. First, by Denying the Major in that sense in which the Minor is to be conceded: for the movable [body] would not really approach the same terminus fixed in the space of the world, from which meanwhile it would recede; but in reality it would always approach the Eastern terminus — yet less swiftly than if, by its endeavor toward the West, it did not diminish the velocity it would otherwise have toward the East. Secondly, the argument was Retorted [pointing] to the two contrary motions of the heaven; which, if they can be reconciled in the heaven, can also by an equivalent reasoning be reconciled in the Earth. But see ch. 21, no. 12.


[Margin: See ch. 21, no. 13.]



[XXII.] Twenty-second Argument. If the Earth be moved by the diurnal, or also the annual, motion, innumerable motions of the same species would be multiplied without necessity; for to each individual of the animals it would be necessary to attribute, besides its proper motion, the common motion of the Earth, so that the apparent experiments be saved. But this multiplication is absurd. Therefore.


[Margin: Response.]



It is answered by denying the Major: for there is a necessity, lest motions be multiplied in the heaven. But there is less foundation for multiplying these motions in the heaven than in the Earth; and fewer are really multiplied if they be attributed to the heaven than if to the Earth; whence arises the following most valid argument.


[Margin: See ch. 21, no. 14. — No solid response.]



[XXIII.] Twenty-third Argument. There is a greater foundation for attributing the diurnal motion to the stars and the annual to the Sun, than the diurnal and annual to the Earth; and if that be done, the multiplication of real motions is smaller than if they be attributed to the Earth. Therefore the diurnal motion is to be attributed to the stars, and the annual to the Sun, rather than to the Earth. See the force of the argument in ch. 21, no. 14; nor will you find any solid response.


[Margin: See ch. 21, no. 15.]



[XXIV.] Twenty-fourth Argument. If the Earth is moved by the diurnal or even the annual motion, the motions which manifestly appear to us must be destroyed without necessary reason, and in their place must be substituted motions which do not appear; which indeed is absurd in itself. See ch. 21, no. 15.


[Margin: See ch. 21, no. 16. — No solid response.]



[XXV.] Twenty-fifth Argument. If the Earth be moved by the diurnal and annual motion, a motion variable by innumerable inequality must be attributed to the same movable [body], and far more [so] than if it be attributed to the stars. Therefore, etc. See ch. 21, no. 16, where we said that no firm response appears to this argument.


[Margin: See ch. 22, no. 1 & 2. — Response.]



[XXVI.] Twenty-sixth Argument. The Earth is most thick [dense] and most heavy, therefore inert toward all motion. It is answered by denying the Consequence concerning circular motion, [to which]…


[…continues on p. 475 (PDF 510) with the catchword "cui" — the response to the twenty-sixth argument.]





(printed p. 475 — Chapter XXXIV finishes the thirty-eight arguments against the diurnal-plus-annual motion (XXVI–XXXVIII), most answered by the Copernicans' appeal to the common shared motion; they include the well-bottom star argument and the three-hour eclipse at Christ's death. A new sub-section then opens: "Thirty-nine Arguments Against the Situation and the Annual Motion of the Earth, considered apart from the Diurnal" (chs. 25–31), beginning with Aristotelian arguments from the tendency of heavy bodies to the Universe's center.)
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…[It is answered by denying the consequence concerning circular motion], to which gravity does not resist. But whether the whole Earth, as a whole, is heavy, see ch. 21, no. 2.


[Margin: See ch. 22, no. 3.]



[XXVII.] Twenty-seventh Argument. So great would be the velocity of the diurnal motion that it would overcome the flight of birds — much more the course of rivers, or of ships toward the East; therefore no birds, ships, etc. could reach their eastern terminus, which is against the experiments.


[Margin: Response.]



It is answered by denying the Consequence: because birds, ships, etc. are moved not only by their own motion, but also equally by the common [motion] with the Earth, on Copernicus's hypothesis. But how great the velocity of the Earth would be, I have taught accurately in ch. 21, no. 1.


[Margin: See ch. 22, no. 4.]



[XXVIII.] Twenty-eighth Argument. If the Earth were moved by the diurnal and annual motion, we would feel a perpetual wind toward the West, and a sound and whistling from the air dashed against trees, mountains, towers, etc. But these we by no means feel.


[Margin: Response.]



It is answered by denying the Minor concerning the nearly perpetual winds within the Tropics, but [denying] the Major concerning the other effects — because the air too, neighboring the Earth (as being full of exhalations and vapors), would be moved by the common motion with the Earth.


[Margin: See ch. 22, no. 5 & 6.]



[XXIX.] Twenty-ninth Argument. [The 29th] is from the shaking and ruin of buildings, or the hurling of bodies weakly adhering to the Earth, which would seem to follow from the rapid whirling of the Earth.


[Margin: Response.]



It is answered that there is no such danger on the Copernican hypothesis, as is clear from what is said in ch. 22, no. 6.


[Margin: See ch. 22, no. 7.]



[XXX.] Thirtieth Argument. We ought to feel this motion in ourselves, if it were common to us with the earth. But that there is in reality no necessity of this sensation, we taught in ch. 22, no. 7.


[Margin: See ch. 23, no. 1.]



[XXXI.] Thirty-first Argument. If the Earth were turned toward the East, the Eastern mountains would seem to us to descend, and the Western to ascend. But this sequel is denied by the Copernicans, because the plane on which we are with the mountains, and the mountains themselves, are moved with us by an equal motion, and therefore we do not notice their motion [which is] common to us.


[Margin: See ch. 23, from no. 2 to 8.]



[XXXII.] Thirty-second Argument. If the Earth were moved at least by the diurnal motion, we — looking from the bottom of a well at some Fixed star impending over our vertex [zenith] — would, in one blink of the eye elapsed, lose the sight of it; because in a blink of the eye the whole breadth of the mouth of the well would pass by, by the force of the diurnal whirling. But this is against the experiments. Therefore.


[Margin: Response.]



It is answered by denying the sequel of the Major: because our wells neither reach to the center of the Earth, nor are much wider than four or five feet; wherefore the visual angle existing at the bottom of such wells embraces much more of the heaven's circumference than the terrestrial arc traversed by the Earth in one blink of the eye. But this response will become clearer from the Problems most worthy to be known, which we handed down on this occasion (ch. 23, from no. 2 to 8).


[Margin: See ch. 23, no. 8.]



[XXXIII.] Thirty-third Argument. If the Earth were moved at least by the diurnal motion, Gnomons erected in the Tropics, on the solstitial days, would cast sensible shadows around the time of Noon. But that it happens otherwise, Strabo and Pliny relate. Yet the sequel of the Major is denied, for the cause adduced in ch. 23, no. 8.


[Margin: See ch. 23, no. 9.]



[XXXIV.] Thirty-fourth Argument. The Eclipse of the Sun at the death of CHRIST was total for three hours; but if the Earth had been turned by the diurnal motion, it would not have lasted total for three hours — for the Earth's whirling would at once have withdrawn Palestine into another situation, from which it could have seen the Sun. Therefore.


[Margin: Response.]



It is answered by denying the Minor: because the Moon could have been preserved [kept] between the Sun and Palestine for three hours — advanced toward the East just as much as the Earth's motion would require. The rest see in ch. 23, no. 9.


[Margin: See ch. 24, no. 1 & 2.]



[XXXV.] Thirty-fifth Argument. Circular motion is violent or preternatural to the particles of the earth; therefore also to the whole Earth; therefore it does not befit it perpetually. So Aristotle.


[Margin: Twofold response.]



It is answered. First, by Denying the Antecedent: for to the parts of the Earth, on the Copernican hypothesis, a really circular motion befits naturally, when they are united to their whole; but a motion mixed of straight and circular [befits them] if they be separated — granted that it does not appear to us insofar as it is circular, because we too are turned with the Earth by such a motion. Secondly, the argument was Retorted against Aristotle, [who] admits in elementary Fire a perpetual circular motion, although preternatural.


[Margin: See ch. 24, no. 3.]



[XXXVI.] Thirty-sixth Argument. The Copernican motion of the Earth removes from the Universe the simple motion of things upward and downward; therefore it is not to be admitted. The Copernicans respond by denying the antecedent as to the apparent motion.


[Margin: See ch. 24, no. 4.]



[XXXVII.] Thirty-seventh Argument. The principle of the terrestrial motion cannot be assigned without great inconveniences. Therefore. The Copernicans respond by denying the antecedent, and say that it [the principle] is intrinsic and natural; see ch. 24, no. 4.


[Margin: See ch. 24, from no. 5 & 6.]



[XXXVIII.] Thirty-eighth Argument. The Copernican motion of the Earth renders the motion of Heavy and Light [bodies] un-natural, but the circular [motion] natural — and that [natural] to things most diverse in nature, and entangled in insoluble questions. Therefore. The Copernicans respond by denying the 1st and 3rd part of the antecedent; but to the eleven chief Questions raised by Scheiner, a response is given in ch. 24, no. 6.

Thirty-nine Arguments Against the Situation and the Annual Motion of the Earth, considered separately from the Diurnal, and their Solutions, handed down from ch. 25 to 31 inclusive.


[Margin: See ch. 25, from no. 1 to 5.]



[XXXIX.] First Argument. [The center of the Earth is] there, where is the terminus to which all Heavy [bodies] naturally and per se tend; but this terminus is the center of the Universe; therefore the center of the Earth is in the center of the Universe. The Minor Aristotle proves: first, because, the Earth being removed, heavy [bodies] would nevertheless tend to the center of the Universe; therefore heavy [bodies] are not carried to the center of the Earth per se, and insofar as [it is] of the Earth, but insofar as it is the center of the Universe. Secondly, because that is the terminus to which, per se, of heavy [bodies], which is the terminus from which, per se, of light [bodies]; but light [bodies] per se recede from the center of the Earth, insofar as it is the center of the universe, since they tend toward the circumference of the supreme heaven (or of the Universe) by perpendicular lines.


[Margin: Manifold response.]



Galileo responded in threefold manner — and not badly, from his hypothesis, as is clear in ch. 25, no. 6 — and Kepler [also responded]; but in Kepler's solution we noted five faults, about which [see] ch. 25, no. 7. But our response is: the Major being granted, by denying the Minor and the Antecedent of [its] proof; for, the Earth being removed (that is, transferred), heavy [bodies] would tend to the center of the Earth; but it being destroyed, and the rest of the elements and the mixed [bodies] remaining, they would tend to the center of Water — which would then be vicar [substitute] for the earth — that is, to the center of the heaviest body. To the second proof, the Minor is denied: for light [bodies] tend to the supreme circumference of the elemental sphere, which Aristotle supposed (but did not prove) to be concentric with the Universe; but whether in this he begged the principle, or committed a paralogism, see the things said in ch. 25, no. 6.


[Margin: See ch. 25, no. 9.]



[XL.] Second Argument. Light [bodies], from any point of the terrestrial surface, ascend toward the supreme heaven by a straight line perpendicular both to the convexity of the terrestrial globe and to the concavity of the supreme heaven; therefore they ascend from the center of the Universe; but they ascend by receding from the center of the Earth; therefore the center of the Earth and the center of the Universe (or [its] center) are the same.


[Margin: Response.]



It is answered by denying the Major: for they tend not to the supreme heaven, but toward the supreme surface of the elemental sphere, which is concentric with the Earth; but whether it is concentric with the Universe is doubtful, unless it be shown from elsewhere — indeed the Copernicans contend that it is eccentric [to the Universe].


[Margin: See ch. 25, no. 10.]



[XLI.] Third Argument. Gravity and Levity were given to bodies not that they may be united to their whole and to what is like themselves, but that they may retain or recover a determinate place in the Universe; for place, insofar as it is place, is the formal terminus of motion [lation]. Therefore they have an immovable place at the center, or about the center, of the Universe; but this they would not have, if the Earth were moved through the annual orb.


[Margin: Response.]



It is answered by denying the Major: for it [gravity and levity] was given that they may acquire and preserve a place in the elemental system — wherever that system be — abstracting from its mobility and immobility.


[Margin: See ch. 25, no. 11.]



[XLII.] Fourth Argument. Unless the Earth occupies the center of the World…


[…continues on p. 476 (PDF 511) with the catchword "cen-" (Mundi cen-trum) — completing the statement of the fourth argument against the Earth's situation, then its response.]
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…[unless the Earth occupies the World's] center, no sufficient reason can be given why the whole [Earth] is not borne downward, or to that [point] whither its parts are borne. Therefore it occupies the center of the World.


[Margin: Twofold response.]



It has been answered by Kepler, by denying the Antecedent; for [he says] the reason is that the whole Earth, insofar as it is whole, is not heavy — granted that Claramonti said both that it is heavy, and that its weight can very nearly be known (about which see ch. 25, no. 11). But other Copernicans would respond that the cause is that the whole Earth is naturally determined to circular motion about the center of the world.


[Margin: See ch. 25, no. 12. — Response.]



[XLIII.] Fifth Argument. If the Earth were transferred to [the place of] the Moon, heavy [bodies] nevertheless would not tend thither, but to the center of the Universe, etc. The Copernicans respond by denying the antecedent — which Aristotle has not yet shown.


[Margin: See ch. 25, no. 13. — Response.]



[XLIV.] Sixth Argument. To the heaviest and lowest of bodies the lowest place is due: the Earth is the heaviest, and the center of the World is the lowest place. Therefore. They respond by conceding [it] concerning the lowest place in the elemental system, [but] denying [it] concerning the absolutely lowest.


[Margin: See ch. 25, no. 14. — Response.]



[XLV.] Seventh Argument. Heavy [bodies] are said [to be such] simply [absolutely] which are borne to the Middle [center], Light [those] which [are borne] from the Middle; but these definitions would perish if this Middle were not the Middle of the Universe. They respond by denying the Minor: for it is enough if it be the middle of the elemental system.


[Margin: See ch. 25, no. 15. — Response.]



[XLVI.] Eighth Argument. Unless the center of the Earth and of the elemental system be the center of the Universe, positive levity is abolished, and reduced to a privation of greater gravity. But this is against reasons resting on our experiments. Therefore. The Major is proved from the lack of a determinate place for Light [bodies]. It is answered by denying the Major: for the Physical place of light [bodies] — fire, say — would be the space between the Moon and the heavier elements, even if the whole elemental sphere were transferred to another Mathematical place in the space of the World.


[Margin: See ch. 25, no. 16. — Response.]



[XLVII.] Ninth Argument. Heavy [bodies], in descending to the center of the Earth, would sometimes recede from the center of the World (if the Earth were outside it), and Light [bodies] would approach it by receding from the earth. Therefore the definitions of Heavy and Light would be confounded. It is answered by conceding the consequence concerning the definitions as understood by Aristotle, [but] denying [it] concerning [them] rightly understood — that is, as handed down in relation to the middle of the elemental system.


[Margin: See ch. 25, no. 17. — Response.]



[XLVIII.] Tenth Argument. Gravity and Levity are implanted in bodies, that they may rest in their place, or so tend toward it as to rest in it. But they would never rest, if the Earth with the elements were whirled through the annual orb. It is answered by conceding the Major concerning the place of Heavy and Light [bodies] as such — that is, that Heavy [bodies] may stand beneath the light, and light [bodies] stand above the heavy, in the elemental system; in which sense the Minor is denied.


[Margin: See ch. 25, no. 18. — Twofold response.]



[XLIX.] Eleventh Argument. Centers, and the positions of centers, would be multiplied without necessity; for one [thing] would be the center of the Universe, another — and always different — the center of the Earth and of the elemental system. Therefore, etc. It is answered: first, by denying the Antecedent; for the necessity [is] a priori — namely all the arguments, or all the best ones, on account of which the Copernicans posit the annual motion of the Earth. Secondly, by retorting the argument: for otherwise the center of the Universe and the center of the Planetary system would be multiplied (which is now reckoned to be the Sun) — unless the Sun were at the center of the World, and the Earth went about it.


[Margin: See ch. 26, no. 1. — Response.]



[L.] Twelfth Argument. All who behold the heaven from any part of the Earth judge the heaven to be "up" and the Earth "down"; but this judgment would be false, if the Earth were outside the center of the World. Therefore. It is answered by conceding the Minor concerning the center taken even Physically and to the senses, [but] denying [it] concerning the center taken Mathematically.


[Margin: See ch. 26, no. 2. — Response.]



[LI.] Thirteenth Argument. The Earth is the lowest not only of the elements, but of all Mundane [worldly] Bodies; therefore the lowest place is due to it not only in the elemental System, but also in the World — which is the center of the World. It is answered by denying the Antecedent, if the Earth be taken together with men and other living creatures. The other responses see in ch. 26, no. 2.


[Margin: See ch. 26, no. 3.]



[LII.] Fourteenth Argument. Too great a license would be given of placing the Earth anywhere.


[Margin: Response.]



It is answered by denying the antecedent: for it [the Earth] must be situated in such a position that half of the heaven is, to the senses, conspicuous on every side, and the rest of the heaven's phenomena are saved.


[Margin: See ch. 26, no. 4. — Response.]



[LIII.] Fifteenth Argument. The Earth being placed outside the center of the World, the Hell of the damned would not be Hell — nay, some tending into it would ascend. Therefore. It is answered by denying the Antecedent; for that place [Hell] is so named comparatively with respect to the surface of the earth, on which men were wayfarers [viatores, souls still on life's journey], and with respect to the Empyrean, in which [are] the possessors [comprehensores, the blessed who possess beatitude] — which two relations would remain notwithstanding the motion of the Earth. The rest see in ch. 26, no. 4.


[Margin: See ch. 26, no. 5. — Response.]



[LIV.] Sixteenth Argument. If the Earth be in the Annual Orb together with the elements, the order of the Planetary and elemental system is perverted: since the elemental sphere comes out [as] one great Planet, and is set in the heaven; and the number of the primary Planets, 7, is overthrown — since the Sun ceases to be a Planet, and the Moon [ceases to be] a primary Planet (for it comes out [as] a follower [satellite] of the earth); but the Earth with the elements comes out [as] a primary Planet, and only 6 primary Planets are retained. But this is most absurd. The Copernicans respond, the Major being conceded, by distinguishing the Minor, and conceding it with respect to those who, accustomed to the Peripatetic [school], estimate all things from the senses, [but] Denying it with respect to those who — contemplating the Platonic Ideas, and initiated into the Pythagorean mysteries — estimate the order of things from archetypal reasons.


[Margin: See ch. 27, no. 1 & 2. — Response.]



[LV.] Seventeenth Argument. The Earth being placed at the center of the World, all the Phenomena of the heaven are saved. Therefore. It is answered by denying the Consequence, because they are saved even if the Earth be moved in the annual orb, [along] with the diurnal motion.


[Margin: See ch. 27, no. 3.]



[LVI.] Eighteenth Argument. More motions would have to be attributed to the Earth, since [there are] greater changes [variations] in the stars, etc. Response: by conceding the first [part], [but] denying the second.


[Margin: See ch. 27, no. 4.]



[LVII.] Nineteenth Argument. An entire hemisphere of the heaven could not be seen by us from any part of the earth. Response: by denying the sequel, because no more of the heaven is hidden than the horizontal parallax of the stars amounts to — which, the Moon excepted, is less than a whole degree.


[Margin: See ch. 27, no. 5.]



[LVIII.] Twentieth Argument. The Fixed stars, toward which the Earth would approach, would appear larger than themselves. Response: by denying [it], if the diameter of the annual orb were — with respect to the distance of the Fixed [stars] — of imperceptible proportion, as Copernicus posits.


[Margin: See ch. 27, no. 6.]



[LIX.] Twenty-first Argument. The Eastern shadows of gnomons, at an equal altitude of the Sun above the horizon, would not be equal to the Western [shadows]. Response: by denying the sequel, because the Earth in either case would be, to the senses, equally distant from the Sun.


[Margin: See ch. 27, no. 7.]



[LX.] Twenty-second Argument. The vicissitudes of days and nights, in the threefold [position of the] sphere [right, parallel, oblique], would not happen in the way they now do. Response: by denying the sequel, which arises from ignorance of the Copernican hypothesis expounded in ch. 4.


[Margin: See ch. 27, no. 8. — Response.]



[LXI.] Twenty-third Argument. Eclipses of the Moon would not always occur with the Moon placed under the location of the Zodiac opposite to that under which the Sun is. Response: by denying the sequel; for the Sun would not be whirled annually about the Earth, but the Earth about the Sun, carrying with it the Lunar heaven, etc.; wherefore always in an eclipse [of the Moon] the Earth would be interposed between the Moon and the Sun, in some diameter of the heaven drawn through the center of the heaven — that is, through the center of the Sun or of the annual orb.


[Margin: See ch. 27, no. 9. — Response.]



[LXII.] Twenty-fourth Argument. But at least eclipses of the Moon would not occur with both Luminaries appearing on the horizon. Response: by denying the sequel, for the reason indicated in the response to the 23rd Argument. Concerning, moreover, the ignorance of Argoli, who boasts this argument, see ch. 27, no. 9.


[Margin: See ch. 27, no. 10. — Invalid response.]



[LXIII.] Twenty-fifth Argument. It is Physically evident that the Sun is moved by the annual motion — that is, that it is slower in the diurnal motion in such a way that after 365¼ days it again most nearly attains the same Fixed star. Therefore it is Physically evident that the Earth is not moved thus; for only the one [or the other] is possible in Astronomy. They respond by denying the Antecedent: for [they say] only this disjunctive is evident — either that the Sun is moved annually about the Earth (not transferred), or that the Earth [is moved] about the Sun (not transferred). But, as has been said above more than once, this disjunctive is evident not only Physically, but also Mathe-…


[…continues on p. 477 (PDF 512) with the catchword "Mathe-" (Mathe-maticè) — completing the response to the twenty-fifth argument.]





(printed p. 477 — Chapter XXXIV runs the thirty-nine arguments to their end (LXIV–LXXVII), almost entirely the parallax-and-stellar-distance battery: the absence of six-month parallax, the "insane and incredible bulk" required of the star-sphere, the vast idle gap between Saturn and the stars, and a cluster of refraction arguments — the Copernicans answering chiefly by removing the stars to immense distances and extolling Divine Magnificence. Chapter XXXIV ends.)
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…[evident not only Physically, but also] Mathematically. But here the Physical evidence suffices to determine the one [other] hypothesis — [evidence] such as it is, and to which nothing is repugnant. Wherefore to this Argument no valid response is brought.


[Margin: See ch. 28, from no. 1 to 6.]



[LXIV.] Twenty-sixth Argument. If the Earth were moved through the Annual orb, when it had been transferred from one point to the opposite point of the annual orb after 6 months, a sensible diversity would appear in the altitude of the same Fixed [stars], or a notable parallax — at least in the stars nearer the pole. But Astronomers have never noted any parallax within the same year in the Fixed stars. Therefore.


[Margin: Response.]



It is answered by conceding the Major against certain Copernicans who set too small a distance of the Fixed [stars]; but by denying it from Copernicus's Hypothesis, which requires so great a distance of the Fixed [stars] that the diameter of the annual orb vanishes — that is, makes no sensible parallax in the Fixed [stars]. But many things concerning this parallax have been handed down in ch. 28, from no. 1 to 7; and thence the various responses of the Copernicans, which read.


[Margin: See ch. 28, no. 11.]



[LXV.] Twenty-seventh Argument. If the Earth were moved through the Annual orb, the earth approaching the Fixed stars after 6 months, in the Equinoctial points, a great parallax would be felt as regards the apparent distance of Sirius from the rising or setting Sun. But none is felt. Therefore.


[Margin: Response.]



It is answered by denying the Major, because that diversity arises from the distance of Sirius from the colure of the Solstices, whether the Earth stand still or be moved. And if any other diversity be said to be going to [occur], it is at once removed by the distance of the Fixed [stars], increased finitely toward infinity by the Copernicans.


[Margin: See ch. 28, no. 13. — Response.]



[LXVI.] Twenty-eighth Argument. But surely a notable parallax would be felt in the apparent magnitude of the Fixed [stars]. It is answered by denying [it] concerning the Fixed [stars]; for even if they were in the Ecliptic, that diversity would not be greater than 4 Thirds [4‴]; nay, it would be much less, if their distance be increased as much as Copernicus permits.


[Margin: See ch. 29, from no. 1 to 18.]



[LXVII.] Twenty-ninth Argument. The annual motion of the Earth being posited, lest a sensible Parallax follow, one must posit so great a distance of the Fixed [stars] from the center of the Earth and of the Universe, that their sphere would come out of an insane and altogether incredible bulk; as is clear from the things said in ch. 29 — concerning the distance indeed of the Fixed [stars] in Copernicus's hypothesis, from no. 1 to 13 inclusive (where you have select opinions); and concerning the bulk of the sphere of the Fixed [stars], from no. 14 to 16 inclusive.


[Margin: Response.]



The Copernicans, however, respond by denying that that bulk or distance is incredible — granted it be admirable, and [that it] commends the more the Divine Omnipotence and Magnificence; but see the things said in ch. 29, no. 18.


[Margin: See ch. 29, no. 19 & 20.]



[LXVIII.] Thirtieth Argument. If the Earth were moved through the Annual orb, to avoid the sensible Parallax of the Fixed [stars] that would arise from the diameter of the annual orb, one would have to posit between Saturn and the Fixed [stars] an immense space empty and idle of stars. But this indeed is absurd, and exceeding all belief — especially since the Copernicans themselves so often inculcate that God and Nature do nothing idly or in vain. Therefore.


[Margin: Response.]



I have taught (ch. 29, no. 20) that the responses of the Copernicans are invalid, and rest on begged, violent, or improbable subtleties — granted that the last [response], which is there the 4th, cannot be convicted of falsity; if, namely, someone say that in that space there are many of those Fixed [stars] which cannot be discerned without a Telescope, and whose place nevertheless cannot be so exactly observed with Astronomical Instruments, that if they have any parallax, it could be felt. But other Copernicans respond by denying the incredibility of so great a magnitude, and again from this extolling the Magnificence of God, and retorting the argument [back] onto the excessive velocity of the Fixed [stars] that would follow from the Ptolemaic hypothesis — which they think more incredible than this Magnitude. On which occasion we showed (no. 8) that that velocity is more credible than this bulk of the Fixed [stars]; and (no. 7) we said that, if God had wished to be commended by this bulk, it would come about that He would give us some indication of it a posteriori, nor would He have exhibited them [the stars] so small to us, etc. But see that discourse, that you may learn that the Response, although it cannot be convicted of falsity, nevertheless cannot satisfy more prudent men.


[Margin: See ch. 29, no. 21.]



[LXIX.] Thirty-first Argument. But the stars would be so far distant from the Sun, that the Sun, beheld from them, would be like a point, and accordingly unfit to illuminate them. Response: by conceding the whole; for the Fixed stars do not have [their] light from the Sun.


[Margin: See the whole of ch. 30.]



[LXX.] Thirty-second Argument. If the Earth were moved through the Annual orb, so great would be the distance of the Fixed [stars] that their Magnitude would come out greater than the whole annual orb; but this is incredible. Therefore. Moreover, that that Magnitude would be so great we demonstrated (ch. 30, from no. 1 to 6); for in vain did Galileo and Hortensius try to diminish it, from the things said in the same place, no. 7. Response 1.


[Margin: Response.]



But other Copernicans respond by denying the incredibility of so great a magnitude, and again from this extolling the Magnificence of God, and retorting the argument [as in the response to the 30th argument above].


[Margin: See ch. 31, no. 1.]



[LXXI.] Thirty-third Argument. If the Earth were whirled in the Annual orb, so great would be the distance of the Fixed [stars] that no sensible Refractions of the Fixed [stars] would occur, because the Inclination of the ray incident on our Air — in which the refraction ought to take place — would come out imperceptible; just as [would] the whole orb of the earth and of the surrounding air; whereas nevertheless it [the inclination] is always greater than the refraction. But in the Fixed stars a sensible Refraction has been observed, and indeed of 30 Minutes at the horizon; which the more recent Copernicans admit. Therefore.


[Margin: Response.]



It is answered by denying the Major; for although the earth with the air, seen from the Fixed [stars], would be like a point, nevertheless the angle of the Inclination of the ray of the Fixed [stars] to us, who are near to it, is and would be very great; and we measure this from data of sensible and known magnitude — namely from the horizontal Refraction, the semidiameter of the earth, and the semidiameter of the refractive air.


[Margin: See ch. 31, no. 2.]



[LXXII.] Thirty-fourth Argument. But at least the Refraction would not be greater than the Inclination of the incident Ray. But this sequel likewise we denied (ch. 31, no. 2), as will be clear a fortiori from the response to the following argument.


[Margin: See ch. 31, from no. 3 to 6.]



[LXXIII.] Thirty-fifth Argument. Yet so great would be the distance of the Fixed [stars], that the Refractions could not be less than half the Inclination; but this is against the Dioptrical canons [rules]. Therefore.


[Margin: Response.]



It is answered by denying the Major, the opposite of which has been clearly shown by most subtle calculations entered into (ch. 31, from no. 3 to 6); and it has been shown that not even through a distance of the Fixed [stars] finite-toward-infinite would the refraction reach half the Inclination; nay, that they cannot, through whatever distance, be so elevated that, while they appear in the physical horizon, all refraction perishing, they really are in it.


[Margin: See ch. 31, from no. 6 to 9.]



[LXXIV.] Thirty-sixth Argument. From the certain semidiameter of the earth, and the altitude of the refractive air, and the horizontal refraction of the Fixed [stars], and their true distance from the zenith [vertex]; or at least from the proportion hence between the refractions of the Fixed [stars] compared with the proportion of the refractions of the Sun and Moon; thence from the proportion of the distance of the Sun and Moon from the earth, it follows that the distance of the Fixed [stars] from the earth ought to be far less than the Copernican hypothesis requires for the annual motion of the earth.


[Margin: Response.]



Yet the response was, by denying that this follows from the first of the aforesaid positions; and it was shown by a most certain demonstration [apodixis] that the distance of the Fixed [stars] can grow finitely-toward-infinity, the things indicated in the first position being saved. But to the aforesaid Proportion, which is touched in the second supposition, we denied that one must stand.


[Margin: See ch. 31, no. 10.]



[LXXV.] Thirty-seventh Argument. In the lenses of the Telescope all refractions of the Fixed [stars], so remote, would cease; and therefore the Fixed [stars] could not appear larger to us by benefit of the Telescope, because the inclinations of the rays upon the lenses would cease — which is repugnant to experiments.


[Margin: Response.]



The response was, by denying the sequel, by the same reasoning which we indicated in the response to argument 33.


[Margin: See ch. 31, no. 11.]



[LXXVI.] Thirty-eighth Argument. The centers of the earth and of the universe being separated by the semidiameter of the annual orb, we would be uncertain whence we ought to estimate the true altitude of the stars. It is answered by denying the sequel; for this measure would have to be estimated from either [center], though in a different way.


[Margin: See the whole of ch. 32. — Response.]



[LXXVII.] Thirty-ninth Argument. If the Copernican hypothesis were admitted, too great a license would be afforded to wits [clever minds] of feigning system after system, and of placing in the center of the World now this, now that Planet, etc. It is answered that certain systems would be unfit for maintaining all the celestial Phenomena; but of the suitable ones, none [is] more apt than the Copernican.


✠ [Chapter XXXIV ends here.]

[…continues on p. 478 (PDF 513) with the catchword "CA-" (CAPVT XXXV) — the opening of Chapter XXXV.]
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Chapter XXXV, In which, from mere Reasons, and with all Authority set aside [circumscribed], it is concluded which of the Hypotheses is to be absolutely asserted — the one which supposes the Motion, or the one which supposes the Immobility, of the Earth.

I. CONCLUSION

[I.] If the celestial Phenomena alone be considered, they are saved in Astronomical and Mathematical rigor under either Hypothesis — that is, both under the one which supposes the immobility of the Earth, and under the one which supposes the Diurnal and Annual motion of the Earth; nor have any arguments hitherto been devised, deduced from the appearances in the heaven, which demonstrate the truth of the one and the falsity of the other.

This is clear to one surveying the Arguments and their solutions, which were indicated in chapters 33 and 34, and more fully discussed from ch. 5 to 32 of this Section — if one selects those derived from the celestial motions and the other things which appear in the heaven. For all those arguments, on either side, have been satisfied — more indeed or less — yet in such a way that the solutions have their own probability, or at least cannot be convicted of falsity. And by that occasion it will be established that there are many arguments which, at first sight and unforeseen, could terrify the defender of the other hypothesis, and yet, looked into, have no force or a very tiny one — not so much as the followers of either school have hitherto boasted. Nay, not a few [arguments] adduced against the Immobility of the Earth are sophistical and full of fallacy, and yet are seriously inculcated by the Copernicans — of which sort are those at ch. 33, nos. 3, 12, 15, 48, 49 — or else rest on doubtful experiments or slippery suppositions, as those we indicated in the same chapter, nos. 20, 36, 37, 39, 41, 42, 45. Just as, on the contrary, many [arguments] hurled against the motion of the Earth go to nothing, because they have arisen from ignorance of the Copernican hypothesis — not examined even by Tycho, Clavius, Scheiner, and other great men with such profundity as was needful. But when the Copernicans boast that the motion of the Earth and the rest [stationariness] of the Sun has been demonstrated, that is either a solemn falsehood, or must be understood of a mere hypothesis — that is, [in the sense] that, if the Earth's motion be posited, etc., the Phenomena of the heaven can be saved, and indeed sometimes with greater elegance according to some reasoning, and by a more probable reasoning. Indeed Copernicus himself and Galileo, and not a few of the Copernicans, concede that all the phenomena of the heaven are equally saved under either hypothesis.

II. CONCLUSION

[II.] If the certain and manifest Physical experiments in elementary bodies be considered, all are saved under either of the aforesaid Hypotheses, according to Physico-mathematical rigor — except those which pertain to the impact of Heavy and Light [bodies] naturally descending or ascending, or to the impact or velocity of projectiles [fired] now toward the poles of the world, now toward the East, now toward the West. For these, in Physico-mathematical rigor, cannot be saved except on the sole hypothesis of an Earth at rest.

The former part is likewise established to one running through the Arguments drawn from the motions of elementary things, with their solutions, indicated in chs. 33 and 34. But the latter part [is established] from Fr. Grimaldi's and our demonstrations, indicated in ch. 34, numbers 1, 2, 19, and 20 — but clearly extended in their own places. Which [demonstrations], in so celebrated a controversy, as they are not to be made little of among fair estimators of things, so it is needful to render [them] as accepted by God, who favors our labors according to His munificence. And so, although Ptolemy in book 1 [of his work] had — confusedly — scented out other experiments, or perhaps these very ones, in the Magna Constructio [Almagest], ch. 7, he skillfully pronounced that the Hypothesis of a moving Earth can be overthrown from these [physical considerations] rather than from Astronomical ones, when he said:


[Margin: Ptolemy's prudent judgment concerning the force of the arguments against the motion of the Earth.]

"For it escapes these [men] — namely the movers of the Earth — that, as far as it pertains to the appearances in the stars indeed, perhaps nothing stands in the way, if someone should more simply consider these things to be so; but from the accidents [phenomena] which happen around us and in the air, it will appear exceedingly ridiculous."



III. CONCLUSION

[III.] If, besides, the Physical Evidence alone be considered (which indeed in Physical matters alone has force), there are several arguments Physically evident for the Immobility of the Earth; but none for its motion.

The former part will be clear to one reading through the arguments indicated in ch. 34, numbers 3, 4, 5, 6, 17, 19, 20, 23, 63 — to which are also reduced those we touched in the same place, nos. 8 and 9. But I said that it [this evidence] has force in Physical science, to which Astronomy is subaltern, so long as Mathematical [considerations] do not resist them; nor indeed is it necessary that they have Mathematical evidence, when that cannot be had. The latter, negative, part is established from all the arguments for the motion of the Earth drawn from sensible experiment; for so far are they from containing Physical evidence, that they rather tend against the evidence of the senses, or the Physical [evidence]; while the rest proceed from mere congruences in a hypothesis concerning a thing not impossible, and having some desirable features.

IV. CONCLUSION

[IV.] If, the demonstrative and evident Arguments being set aside, those be considered which contain mere probability in themselves, not a few of this kind exist for either hypothesis — so many and such that, according to each person's bent, they could incline the intellect toward either hypothesis. Were it not that the sacred Authority of the Divine Scriptures stood in the way — which standing in the way, all that probability ceases.

This conclusion likewise is sufficiently clear, the weightier arguments being considered which were made for the motion of the Earth in ch. 33 — for instance those at nos. 9, 11, 29, 30, 32, 43, and any of that kind; and those against the motion of the Earth in ch. 34, for example those at nos. 32, 54, 68, 70. I said "in themselves," because in the understanding of those who have assented to the Arguments (of which we spoke in Conclusions 2 and 3) as demonstrative and evident against the motion of the Earth, no arguments for the motion of the earth will meanwhile be able actually to generate probability; and much less so if the authority of divine Scripture stand in the way.

V. CONCLUSION


[Margin: PRINCIPAL CONCLUSION.]



[V.] Reason alone and the Intrinsic Arguments being regarded, and all Authority set aside [circumscribed], that Hypothesis is to be absolutely asserted as true which supposes the Immobility or Rest of the Earth; and that Hypothesis is false, and repugnant to Physical — nay even to Physico-mathematical — demonstrations, which attributes to the Earth either the Diurnal motion alone, or the Diurnal and Annual motion [together].

This conclusion follows from the 2nd and 3rd Conclusion.

VI. CONCLUSION

[VI.] For one wishing either to defend or to attack either of the aforesaid Hypotheses — all the arguments hitherto devised being led out into the battle-line — no amount of skill in Physical or Theological matters suffices, unless he be also most expert in Astronomy, and not lightly imbued with Geometry and Arithmetic, and with not a few of the subaltern Mathematical [sciences].

For it is clear, from the things indicated in chs. 33 and 34, that again and again the principles or conclusions of the more recondite Astronomy are required in the Arguments and their solutions; and I say the same of Geometry and Arithmetic, etc. Otherwise we know that not only have mere Physicists not understood — nor will understand — even the terms of the arguments, but also that some, who [merely] greeted the Mathematical [sciences] from the threshold, have fallen into manifest errors. Which [things I say] by way of Counsel and admonition, not however indi-…


[…continues on p. 479 (PDF 514) with the catchword "rectè" (indi-rectè).]





(printed p. 479 — Chapter XXXV concludes: Conclusion VI ends with Riccioli crediting his achievement to God, and Conclusion VII asks that Copernicans acknowledge the Theologians' competence to judge these hypotheses, answering Kepler's taunt that immobilists cling to a fixed Earth "like polyps to a rock." Chapter XXXVI then opens, adducing the authorities of Sacred Scripture for the Sun's motion and the Earth's immobility, prefaced by Riccioli's Tridentine obligations and Augustine's warnings against making Scripture ridiculous by defending claims that certain reason disproves.)
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…[not however] indirectly, for the sake of ostentation, let these things be said. For if in this argument we have furnished anything not unworthy of learned men, we render it as received from God alone — the Giver of Life, Talent, Judgment, Industry, and of all other opportunities — and we ascribe nothing, or very little, to our own weakness.

VII. CONCLUSION

[VII.] It is just that henceforth the followers of the Copernican hypothesis, if there be any, acknowledge in Theologians and Churchmen sufficient skill for passing judgment on these hypotheses; and [acknowledge] that the Copernican hypothesis is reproved not from excessive or mere reverence toward the Ecclesiastical decrees or the Sacred letters, but also from a deeper inspection of either hypothesis, and from reasons thence deduced with the utmost circumspection.

To what these things pertain, those know who everywhere wrangle with the Copernicans, and repeatedly feel an ill-advised piety, and a certain religious timidity, thrust upon them by [the Copernicans'] words or writings — as though, constrained by this alone, and not philosophizing with a free mind, we had clung immovably to the hypothesis of an Unmoved Earth, like polyps to a rock. For thus Kepler, especially in the introduction to the Commentaries on Mars [the Astronomia Nova]:


"But there are far more of those who are moved by piety, so as not to assent to Copernicus, fearing lest a lie be charged upon the Holy Spirit speaking in the Scriptures, if we should say that the Earth moves and the Sun stands still."



Things similar to which from him we shall read below, in ch. 38, no. 3.




Chapter XXXVI, The Authorities of Sacred Scripture for the Motion of the Sun and the Immobility of the Earth are adduced.

[I.] This business is of greater moment than certain of the Copernicans have reckoned; for, on occasion of this controversy concerning the motion and rest of the Earth — which in itself is merely Physical and Astronomical — there is now turned by them, if we accept their interpretation, into controversy both the literal sense of Sacred Scripture, and the right of judging and defining concerning its true sense. Therefore it behooves me — both for the plan of the work undertaken, and for the duty of a Religious life and of Theology (which for nearly a whole decade I have professed by teaching publicly and privately) — to inquire with all the diligence and sincerity I can, whether and how far the opinions of the divine letters avail to settle this question; especially [those] estimated from the unanimous consent of the Fathers and expositors. Especially since every year, according to the most laudable custom of our Society, all the Masters of Theology and of Arts, together with our Scholastics, at the beginning of the opening of the schools, in the profession of Faith, by the prescript of the Most Holy Council of Trent, by a most sacred oath upon the holy Gospel of God, are wont among other things thus to pledge, vow, and swear:


[Margin: From the bull of Pius IV on the form of the oath of the Profession of Faith.]

"Likewise I admit Sacred Scripture according to that sense which Holy Mother Church has held and holds — whose office it is to judge of the true sense and interpretation of the Sacred Scriptures; nor will I ever take it otherwise than according to the unanimous consent of the Fathers, and so will I interpret it."



Things similar to which are had in Session 4 [of Trent], in the decree concerning the edition and use of the sacred books. And always to be kept before the eyes, even in matters arduous to the understanding, is that illustrious opinion of St. Augustine (book 2, On Genesis to the Letter, ch. 5):


[Margin: St. Augustine's opinion on the authority of Sacred Scripture.]

"But in whatever manner, and of whatever sort, the waters there may be, let us not at all doubt that they are there. For greater is the authority of this Scripture than all the capacity of human talent" —



and (ch. 9):


"For this is true which the divine authority says, rather than that which human infirmity conjectures."



[II.] Yet on the other side, care must be taken lest, when Sacred Scripture is capable of several interpretations, we cling to some one which can be convicted of falsity from elsewhere, and [lest] we summon patronage from the divine letters for our errors. For most prudently the same St. Augustine (book 1, On Genesis to the Letter, ch. 18) says:


[Margin: The same St. Augustine's opinion on the use of the Sacred Scriptures.]

"And in obscure matters, most remote from our eyes, if we read any divine writings thereon which can — the Faith in which we are imbued being saved — give rise to one opinion and another, let us not cast ourselves into any one of them by precipitate affirmation: so that, if perchance the truth, more diligently discussed, rightly overthrow it, we fall — fighting not for the opinion of the divine Scriptures, but for our own, in such a way that we wish that to be the Scriptures' which is our own; whereas we ought rather to wish that to be our own which is the Scriptures'."



A similar admonition he has at the end of book 2 On Genesis to the Letter. It must furthermore be guarded against that we not serve up the sacred letters to be derided by those to whom the error is manifest which we would wish to defend by abuse of them: as if someone wished to maintain that a clod of earth set upon water could float on top, on account of a wrongly-understood Psalm 135 [136]. And so the same holy Doctor (book 2, On Genesis to the Letter, ch. 1) says:


"Here it comes [to mind] to admonish that the error be guarded against which in book 1 we admonished must be guarded against: lest perchance, because it is written in the psalms, 'He founded the earth upon the waters,' anyone of us should think that, against those subtly disputing about the weights of the elements, one must lean on this testimony of the scriptures — because they, not held by the authority of our letters, not knowing in what manner it was said, will more easily deride the holy books than repudiate that which they have either perceived by certain reasons, or proved by most manifest experiments."



And explaining that passage of the Psalm to the letter, he says it is understood of islands and continents having a higher situation above the waters, and of the roofs of caverns made firm over the waters with a hanging solidity; and therefore he concludes:


"Wherefore no one can understand to the letter what was said, 'He founded the earth upon the waters,' so as to think that the weight of the waters is, as it were, subjected by natural order to supporting the earthly weight."



Furthermore, in book 1 On Genesis to the Letter, ch. 19, when he had taught that it can happen that the author or writer of Sacred Scripture wished [the words] to be understood in a twofold sense, he inculcates that it must be guarded against that we seek — to the great detriment of catholic esteem — a defense from the divine eloquences for a falsehood easily manifest from the rules of Astronomy; whose words I shall not be loth to transcribe here, because they serve our business greatly:


"It is not inconveniently believed that the Sacred Writer wished to convey both [senses], if a sure circumstance favors either opinion. For it often happens that something about the earth, the heaven, the other elements of this world of this sort, about [their] motion and revolution, or even the magnitude and intervals of the stars, about certain eclipses of the Sun and Moon, about the cycles of years and seasons, about the natures of animals, shrubs, stones, and the like — even a non-Christian knows in such a way that he holds it by most certain reason or experience. But it is exceedingly base, and pernicious, and most of all to be guarded against, that any infidel should hear a Christian, speaking of these things as if according to the Christian writings, so rave that — as the saying goes — seeing him err by a whole heaven, he can scarcely hold his laughter. And the trouble is not so much that the erring man is derided, but that our authors are believed by those who are outside [the Church] to have held such things; and, to the great ruin of those for whose salvation we labor, they are reprehended and spurned as unlearned. For when they have caught anyone of the number of Christians erring in a matter which they themselves know most excellently, and asserting his vain opinion from our books — by what means are they going to believe those books concerning the resurrection of the dead, and the hope of eternal life, and the kingdom of heaven, when they shall have thought them to be fallaciously written about those things which they have now been able to experience, or to perceive by indubitable reckonings? For how much trouble and sadness rash presumers bring upon prudent brethren cannot be sufficiently told: when, if ever they begin to be reprehended and convicted of their depraved and false opinion by those who are not held by the authority of our books, in order to defend that which they have said with the lightest rashness and most open falsity, they try to bring forward those same Holy books, to prove it from them," etc.



These forewarnings premised, let us approach the sacred letters.


✠ [Chapter XXXV ends, Chapter XXXVI begins, on this page.]

[…continues on p. 480 (PDF 515) with the catchword "Solis" — beginning the Scripture passages on the motion of the Sun.]





(printed p. 480 — Chapter XXXVI unfolds its catalogue of Scripture passages under three headings: the Sun's motion (its risings and settings, Joshua's halted Sun, Hezekiah's reversed sundial, and the Psalmist's Sun running its course); the Earth's rest and immobility (Paralipomenon, Job, Psalms, Ecclesiastes, with two literal senses distinguished — station against local motion, and incorruptibility); and the Earth's situation, that heaven is "up" and the Earth "down," which begins here.)




[Header: BOOK IX. SECTION IV. — 480]



The Motion of the Sun from Sacred Scripture


[Margin: The rising and setting of the Sun [is] frequent in Scripture.]



[III.] First, that the Sun rises and sets, and goes forth over the earth, Scripture often expressly affirms: thus Genesis 15, "And when the Sun was setting, a deep sleep fell upon Abraham"; and ch. 19, "The Sun was risen upon the earth, and Lot entered into Segor [Zoar]"; and ch. 32, "And immediately the Sun rose upon him"; and Judges 19, "And the Sun set upon them near Gabaa [Gibeah]"; and 3 Kings [1 Kings] ch. 22, "Before the Sun set"; and 2 Paralipomenon [Chronicles] ch. 18, "He died at the setting of the Sun"; and Judith 14, "And it shall be, when the Sun is risen"; and Esther 11, "Light and the Sun arose"; and in very many other places in which mention is made of the rising or setting of the Sun — but especially Matthew 5, "Who makes His Sun to rise upon the good and the evil"; and Ephesians 4, "Let not the Sun go down upon your wrath" — besides which I have numbered another 40 and more passages for this matter.


[Margin: Joshua stayed the Sun and Moon.]



[IV.] Secondly, it is attributed to a Miracle of the divine Omnipotence to be able to restrain the course of the Sun, and conversely to move the Earth, which stands unmoved — Job 9, "Who moves the Earth out of its place, and its pillars are shaken; who commands the Sun, and it rises not" — that is, if He command, it will not rise; as will happen at the end of the world, concerning which Habakkuk 3, "The Sun and Moon stood still." And it was done at the command of Joshua, ch. 10:


"Then Joshua spoke to the Lord, in the day that He delivered the Amorite in the sight of the children of Israel, and he said before them: Sun, move not toward Gabaon, and Moon, toward the valley of Aialon. And the Sun and the Moon stood still, until the people avenged themselves of their enemies."



So the Vulgate — granted that the Hebrew reading has, for "move not," Sile [Be still], and for "stood," Siluit [was still]; but the Septuagint has στήτω ὁ ἥλιος [stētō ho hēlios], "Sun, stand still." And the Canonical Writer goes on in the same place, saying: "Is not this written in the book of the Just? So the Sun stood still in the midst of heaven, and hasted not to go down the space of one day. There was not before nor after so long a day: the Lord obeying the voice of a man, and fighting for Israel." In which place the Septuagint translators have: "And the Sun in the midst of heaven did not proceed toward the West" — wherefore it then appears restrained, when it was in the meridian. To this pertains that [passage], 1 Paralipomenon ch. 4, "Who made the Sun to stand still"; and Ecclesiasticus 46, "Was not the Sun stopped in his anger, and one day made as two?"

To which portent — by far most celebrated — that other [miracle] was almost a twin, by which the Sun, at God's command, was turned back toward the East, so that the shadow of the stylus [gnomon] on the sundial of Achaz [Ahaz] went back by 10 lines.


[Margin: The Sun's return on the sundial of Ahaz.]



For although in 4 Kings [2 Kings] ch. 20 it is said, "And so Isaiah the Prophet invoked the Lord, and brought back the shadow through the lines by which it had already descended on the sundial of Ahaz, backward ten degrees," yet that bringing-back was made in the very motion of the Sun retreating, as Isaiah himself — the worker and witness of this miracle — expounds (ch. 38), expressly saying: "Behold, I will bring back the shadow of the lines, by which it had descended on the sundial of Ahaz in the Sun, backward ten lines. And the Sun returned ten lines, by the degrees by which it had gone down." And Ecclesiasticus ch. 48 confirms [it], speaking of Hezekiah: "In his days the Sun went backward, and he added life to the King." Wherefore not on the sundial of Ahaz only, but in others too the same portent appeared; which was the cause that the Babylonians — most observant of the stars and the celestial motions — when they had noted it, and had heard the cause from the now-spread report of the miracle, in order to be made more certain of its circumstances, sent legates to Hezekiah; concerning which legation the second book of Paralipomenon ch. 32 testifies, in these words: "Notwithstanding, in the legation of the princes of Babylon, who had been sent to him, to inquire about the portent which had happened upon the earth, etc."


[Margin: The Sun's motion described in detail in the Sacred Scriptures.]



[V.] Thirdly, the motion of the Sun — especially the diurnal — and its vicissitudes, effects, and speed are described in detail in the sacred letters: for in Psalm 18 [19], concerning the glory of God peculiarly appearing in the Sun, it is sung:


"In the Sun He has set His tabernacle; and He, like a bridegroom coming forth from his bridal chamber, has rejoiced as a giant to run the way. His going forth is from the highest heaven, and His circuit even to the highest thereof; nor is there any who can hide himself from His heat."



Where, in the Astronomical manner, the beginning and end of the day is taken from the highest, and at the highest, of heaven — that is, from the culmination of the Meridian and the highest altitude of the Sun. But what is clearer than those words of Ecclesiastes, ch. 1: "One generation passes, and another generation comes; but the Earth stands for ever. The Sun rises and sets, and returns to its place; and there rising again, it wheels through the South, and bends toward the North: surveying all things in its circuit, the spirit goes forth, and returns unto its own circles."

But the transition being made from Ecclesiastes to Ecclesiasticus, it is surely worthy of observation how often the motion of the Sun is intimated by him [Sirach]. In ch. 26 he says, "As the Sun rising," etc.; and ch. 33, "Why does one day excel another, and one light another, and one year another year — [coming] from the Sun? By the knowledge of the Lord they were separated, the Sun being made; and by the wisdom of the Lord, keeping His command, they are divided." Therefore it belongs to the Sun, and not to the Earth, to obey God and to distinguish the days. And ch. 43, "The Sun in his appearance announcing at his going forth; an admirable vessel, the work of the Most High, etc. Great is the Lord who made him, and at His words he hastens his course." And so God Himself commends His own greatness from the speed of the Sun's course — which is surely as much greater than the speed of the Earth would be (if revolved by a diurnal whirling), as the circumference of the Ecliptic, through which the center of the Sun proceeds, is greater than the circumference of the terrestrial globe; for it is, according to our opinion, greater 7300 times. The same Sun's perpetual obedience toward God in its motion is commended in Baruch 6 [the Letter of Jeremiah]: "The Sun indeed and the Moon and the stars, since they are bright and sent forth for [men's] uses, are obedient." The rest we pass over, because to one for whom these do not suffice, no other testimonies would be enough.

The Rest and Immobility of the Earth from the Sacred Letters

[VI.] In the first book of Paralipomenon ch. 16, in the Canticle of David after the bringing-back of the ark, it is said: "Let all the earth be moved from before His face; for He has founded the world immovable" — namely the globe of the earth. And Job 9: the power of God is praised, that He could, if He willed, move the Earth: "Who moves the earth out of its place, and its pillars are shaken" — which are the words of Job himself; and ch. 26, "Who stretches out the North over the void, and hangs the earth upon nothing" — which likewise are Job's words; and ch. 38, God Himself says, "upon what are its bases made solid?" For that suspension and balancing signifies immobility; as also Proverbs 8, "When He poised the foundations of the earth"; and Isaiah ch. 40, "Who has measured the waters in his fist, and weighed the heavens in his palm? who has poised with three fingers the bulk of the earth, and weighed the mountains in a balance, and the hills in scales?" And now Psalm 74 [75]: "The earth is melted, and all that dwell in it: I have established its columns" — that is, although the animals and inhabitants of the earth be melted like wax or ice, and vanish, yet the Earth itself remains immovable, as though leaning on most firm columns, by my command and power. On which matter God is again commended: Psalm 92 [93], "For He has established the globe of the earth, which shall not be moved"; and Psalm 95 [96], "For He has set right the globe of the earth, which shall not be moved"; and Psalm 103 [104], "Who has founded the earth upon its own stability; it shall not be inclined for ever and ever"; and Psalm 118 [119], verse 90, "Thy truth [endures] unto generation and generation; Thou hast founded the earth, and it abides." Isaiah too, ch. 44, "I am the Lord that makes all things, that alone stretches out the heavens, that establishes the earth, and [there is] none with me." But that [passage] of Ecclesiastes 1, "One generation passes, and another generation comes; but the Earth stands for ever," in Hebrew is had thus: "The Earth is fixed and abiding for ever."

Wherefore the first and simple sense is that it [the Earth] stands, inasmuch as "station" is opposed to lation or local motion — especially since it is contraposed to the local motion of the Sun, when it is said, "The Sun rises and sets." But the secondary literal sense is that it does not pass away like the generations of men — that is, that it is not wholly corrupted. For St. Augustine teaches, by examples or in practice (book 12 of the Confessions, chs. 8, 19, 20, 24, 31; and book 1 of On Genesis to the Letter, ch. 19), and St. Thomas (part 1, q. 1, art. 10), that Sacred Scripture can have many literal senses; but the same St. Augustine (book 1 of On Genesis to the Letter, ch. 19, and book 3 of On Christian Doctrine, ch. 23) likewise teaches that, when Scripture admits several senses not repugnant to one another, all are to be received together.

On the Situation of the Earth from Sacred Scripture

[VII.] That heaven is simply "up," but the Earth "down," the divine letters not rarely teach: namely…


[…continues on p. 481 (PDF 516) with the catchword "nempe" — the Scripture passages on the situation of the Earth.]





(printed p. 481 — Chapter XXXVI finishes its passages on the Earth's downward situation, with which the Copernican system "seems little to agree." Chapter XXXVII then opens on how the Fathers and sacred interpreters understood these texts: all understood the Sun-motion passages literally of a true, real motion (even Augustine rejecting his own floated alternative); all "conspire" that Joshua's miracle was a real halting of the solar body, though the Sun's position and the length of the Joshuan day are controverted.)
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…namely Deuteronomy 4, verse 39: "Know therefore, and consider in thy heart, that the Lord Himself is God in heaven above, and on the earth beneath." With which agrees Joshua 2, verse 11: "For the Lord your God, He is God in heaven above, and on the earth beneath." And 3 Kings [1 Kings] ch. 8: "O Lord God of Israel, there is no God like Thee, in heaven above and on the earth beneath." In Proverbs too, ch. 25, it is said: "The heaven above, and the earth beneath." And Jeremiah 31: "Thus says the Lord: If the heavens above can be measured, and the foundations of the earth beneath be searched out." And Joel ch. 2, which is cited in Acts of the Apostles 2: "I will give wonders in heaven above, and signs on the earth beneath." Add to these many other places in which heaven is opposed to Earth: Genesis 1, "God created heaven and Earth"; and Psalm 113 [115], "The heaven of heaven is the Lord's, but the Earth He has given to the children of men"; to the Colossians 1, "In the Heavens and on the Earth." With which the Copernican system seems little to agree, since it places the Earth not simply "beneath," but sets the Sun in the center of the universe as in the lowest place; and since it does not distinguish the Earth from heaven, but locates it in heaven among the Planets.




Chapter XXXVII, In what way the Fathers and the Sacred Interpreters understood the aforesaid passages of Sacred Scripture.

On the Motion of the Sun, and the Miracles divinely wrought in the Sun's Motion.

[I.] Most briefly I pronounce that all the Holy Fathers, and all the Interpreters of Sacred Scripture not reproved by the Church, who have explained the cited passages on the motion of the Sun, understood them first in the literal sense, of a true and real motion of the Sun — granted that some, upon this foundation, afterward built up certain non-literal senses. To this pertain all those whom — concerning the creation of Light, and the distinction of days and nights made by that light, and afterward by the Sun — we reviewed in Section 1, ch. 1, questions 7, 8, and 9, and ch. 4, questions 2, 5, and 6. For thus all speak, that the Sun, by the local motion of translation, effects the vicissitudes of days and nights, and also of years. To whom is to be added St. Augustine (book 1 of On Genesis to the Letter, ch. 10), where, explaining how "from evening and morning" a day was made, he proposed an opinion which would explain this without the local motion of light and of the Sun, saying:


"Is it to be said that, since this work of God was quickly accomplished, the light stood [stayed] so long — night not succeeding — until the daytime space was completed, and the night succeeding the light remained so long, until the space of the nocturnal time passed, and the morning of the following day came, the one and first day being thus transacted?"



But he at once rejects it, subjoining:


"But if I shall say this, I fear lest I be derided, both by those who have most certainly come to know, and by those who can most easily observe, that at the time at which it is night with us, the presence of light illumines those parts of the World through which the Sun returns from the West to the East; and through this, in all 24 hours, there is not lacking — through the circuit of the whole gyre — day in one place, night in another, etc."



And book 2 of On Genesis to the Letter, ch. 15, has thus:


"But the fixed hour, and days, and years, which we customarily know, would not come about except by the motions of the stars [heavenly bodies]. And so, if we understand in this way times, days, and years — as certain articulations which we compute by clocks, or [as those] most known in the heaven: when the Sun rises from the East up to the Meridian altitude, and thence again bends toward the West, so that next either the Moon, or some star, can be observed to emerge from the East immediately after the setting of the Sun, which likewise, when it shall have come to the mid-altitude of heaven, indicates the middle of the night, [being] then about to set when, the Sun returning, it becomes morning — but [reckoning] whole days as the circuit of the Sun from the East to the West; and years, either as those customary windings of the Sun (not when it returns to the East, which it does daily, but when it returns to the same places of the stars, which it does not do except after three hundred sixty-five days and six hours — that is, a quarter of the whole day, which part, multiplied four times, compels one day to be interposed, which the Romans call the bissextile [leap day], that the same circuit may be returned to), or even greater and more hidden years (for, the spaces of other stars being completed, greater years are said to come about): if therefore we understand times, days, and years thus, no one doubts that these come about by the stars and Luminaries" —



that is, by the motion of the stars and Luminaries, as he had said at the beginning.


[Margin: Joshua's miracle, of what sort, in the Sun's course.]



[II.] As regards the Miracle of the Sun wrought by Joshua, all likewise conspire in [affirming] a true and real restraint of the motion of the very Solar body — as is to be seen in Serarius (on Joshua ch. 10, from question 17 to 27), Jacobus Salianus (vol. 2 of the Annals of the Old Testament, year of the World 2584, from no. 168, or p. 303), Cornelius à Lapide (on Ecclesiasticus ch. 46, verse 5), Oliverius Bonartius in the same place, and Cosmas Magalianus (on Joshua ch. 10, section 1, from annotation 4). Nor did the Fathers understand this portent in any other sense — especially St. Jerome, who on ch. 28 of Isaiah says: "By the confidence of God dwelling in him, Joshua said, Let the Sun stand still"; and St. Ambrose (book 1 of On Duties, ch. 40): "Joshua son of Nun, by greatness of mind and faith, exclaimed, Let the Sun stand still — and it stood still, until this victory should be consummated." And St. Bernard, as is had in the author of his Life (book 2, ch. 7): "Joshua fights; and that the day, prolonged, might suffice for the consummation of the victory, he does not so much pray as command the Sun to stand still: his faith merits both the obedience of the Sun, and the victory over the prostrated enemy." And similarly speak Saints Dionysius (Epistle to Polycarp), Chrysostom (homily 27 on the Epistle to the Hebrews), St. Augustine (book 21 of the City of God, ch. 8, and book 11 of the Confessions, ch. 23), St. Ephrem (vol. 3, sermon on the sinful woman), St. Maximus (Epistle to Thalassius), the Author of the Marvels of Sacred Scripture (book 2, ch. 4), Tertullian (Against the Psychics, ch. 10), and others of whom [I shall speak] below.

But it is controverted whether the Sun was at the meridian, or near the horizon, and how many hours that day had. Some think it was at the meridian — the Author of the Marvels of Sacred Scripture (book 2, ch. 4, [printed] among [the works of] St. Augustine): "Joshua son of Nun commanded the Sun at midday that it should not move"; Theodoret (question 13 on Joshua), from those words "For as the Sun stood still while the Prophet fought"; Serarius (questions 21 and 22 on Joshua); Lyranus [Nicholas of Lyra], Arias [Montano], Radak [David Kimchi], Vatablus (on Joshua ch. 10); and Salianus above; and the 70 [Septuagint] Translators greatly favor them, saying: "The Sun in the midst of heaven did not proceed toward the West." Thus also Sedulius sang:


The Sun stood still at Gabaon, and at the mid-summit of heaven
fixed the panting light, the evening deferred —
unwonted to rein in the day.



Yet that the Sun was near to setting [some] thought — Severus Sulpitius (in the Ecclesiastical history), [Peter] Comestor (in the Scholastic History, on Joshua ch. 9), Dionysius the Carthusian, the Abulensis [Tostado] (question 12), Hugo [of St. Cher] and Cajetan (on Joshua ch. 10) — because, for "move not," the Hebrews read "Wait"; and therefore Cajetan says: "For unless he had seen the setting of the Sun imminent, he would not have said, Sun, wait." Granted that other Hebrews read "Sun, be silent," and to this second opinion subscribe Magalianus and Cornelius à Lapide above — both because those words of Joshua 10, "the Sun hasted not to go down," sufficiently indicate that it was about to come about that it would soon rush headlong below the horizon, unless it had been restrained by Joshua's command; and because a miracle is not to be multiplied, nor procured except by urgent necessity; and because that [phrase] "in the midst of heaven" can be taken for any part of the visible hemisphere, which nevertheless, with respect to some horizon, is always in the meridian.


[Margin: How long was the Joshuan day?]



[III.] It is asked, moreover, to how many hours that day was prolonged, and whether those words of Joshua 10, "It hasted not to go down the space of one day," and those of Ecclesiasticus 46, "And one day was made as two," ought to be understood of an entire natural day of 24 hours, or of an artificial [day] of 12 temporal [seasonal] hours; or (because the interpreters, from the circumstances of the history, reckon that it was around the summer Solstice, and that at Jerusalem — having a pole-altitude of 32° 10' — the longest day is of 14 hours 5 minutes) [whether] they ought to be understood of a day of 14 equal hours. For if the Sun stood still through 24 hours, those, added to the temporal hours of the artificial day which had preceded, make 36 hours; but with the 14 equal hours 5 minutes, they make 38 hours 5 minutes. But if the Sun stood still for only 14 hours, those, added to the 14 hours likewise elapsed, make 28 hours; nay, if that station were computed from the meridian, according to the opinion of those who reckon that Joshua's command was made to the Sun holding the meridian, there would be only 21 hours. That that day was of 36 hours, the [Chaldee] Para-…


[…continues on p. 482 (PDF 517) with the catchword "Paraphra-" (Paraphrastes, the Chaldee Paraphrast).]





(printed p. 482 — Chapter XXXVII continues its patristic treatment of the Joshua miracle: the disputed length of the Joshuan day (commonly 36 hours), whether the whole heaven stopped with the Sun (the more likely view), and a catalogue of later reported Sun-halts (Charlemagne, Godfrey of Bouillon, Oran, St. Francis Xavier), explained by Cornelius à Lapide as refraction-images. It then opens the Hezekiah miracle: whether only the sundial's shadow went back or the Sun itself.)
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…the [Chaldee] Paraphrast, Dionysius the Carthusian, Emmanuel Sà; and it is attributed to St. Justin (in the dialogue against Trypho); and it seems to be confirmed by [the fact] that in Joshua 10 it is said that there was not so long a day before, nor after — whereas yet the day prolonged by Isaiah's prayers, in favor of King Hezekiah, is reckoned by some to have been of 32 hours. But granted that this be conceded: the writer of the book of Joshua nevertheless spoke of the days before Joshua and after, up to his own age in which he was writing — whether he were Joshua himself, or Samuel, or some other older than Isaiah. But in those 36 hours some reckon the whole natural day of 24 hours together with the 12 hours of the prolonged artificial day, as Serarius. But that that day was composed of two artificial [days], or of 24 temporal hours, or 28 unequal [hours], thought Cajetan, Vatablus, Rabbi Eliezer, Rabbi Kimchi, Magalianus (on Joshua ch. 10), Serarius (ibid., question 23), Cornelius à Lapide, and Salianus above — for this [span] was sufficient to complete the victory; but these speak of a day not embracing the night. I wonder, therefore, that it pleased Toletus (book 4 of the Physics, ch. 14, question 16) [to allow] a delay of only three hours; nor indeed does St. Augustine (Confessions 11, ch. 23) say this, but says: "That the victor Joshua might finish the battle, the Sun stood still, but time went on." St. Dionysius (in the epistle to Polycarp): "For one day the Sun and Moon stand still"; and of one day [also] affirm Saints Jerome and Ephrem — nay, also Tertullian.


[Margin: Whether the Sun alone stood still.]



[IV.] It is also wont to be asked whether the Sun alone stood still, or all the stars together with their leader and Chorus-master [the Sun]. St. Dionysius the Areopagite, in the epistle to Polycarp, brings both forward as a miracle, as an exceptional argument of the divine power, and does not determine which it was; but says it would be more admirable if, the Sun standing still, the other stars completed their courses. Yet it is more likely that the whole heaven stood still with all the stars — as think the Author of the Marvels of Sacred Scripture (book 2, ch. 4), St. Maximus (to Thalassius), the Abulensis (on Joshua ch. 10), Masius and Cajetan (ibid.), the Conimbricenses (book 2 On the Heaven, ch. 6, question 2, art. 3), Serarius (on Joshua ch. 10, q. 26), Salianus, Cornelius à Lapide, and Bonartius above — both lest the order of the celestial motions be disturbed, and because this seems to indicate Joshua's command over the Moon, whose light, the Sun being present, was not necessary for the consummation of the victory; but he seems implicitly, and by Divine instinct, to have said, "Sun, and you all other lights of the world, move not" — briefly, under the name of the Luminaries, as of the king and queen of the stars, comprehending the whole soldiery of heaven. But if the Earth had to stop, as the Copernicans wish, there was no cause why God — who wished to work this portent at Joshua's wish — should incite him by an internal impulse to [command] the Moon also to be stopped, or else St. Dionysius and the rest of the sacred writers would certainly raise this question in vain — unless the Copernicans feign that the miracle of the diurnal revolution was wrought in the Earth, but [the miracle] of the proper motion in the rest of the Planets.

[V.] It is asked, finally, whether this portent was wrought at another time [as well]: for in 1 Paralipomenon ch. 4, verse 22, there is named, among the sons of Sela, some unknown person, "Who made the Sun to stand still." This man the Rabbis say was Elimelech the husband of Naomi; but he was not of the sons of Sela, but of the sons of Phares. And in Hebrew, in place of that periphrasis "Who made the Sun to stand still," there is had the name Iocim or Ioakim, whose etymology is "he made to stand still"; but whether this is a fable feigned by the Rabbis — as Cajetan thinks (on that place of Paralipomenon) and Serarius (question 25 on Joshua ch. 10) — and whether the name "Sun" has been inserted into the sacred Bibles by certain [persons]; or whether [the man] was rather a "stopper of Salt," because, like Elijah, he brought drought upon the lands (as Magalianus thinks, on Joshua ch. 10, verse 22, annotation 7); or whether those words are to be read merely materially [as letters], as Salianus thinks (in scholium 3, on the Year of the World 2801); or [taken] for the etymology of the proper name, abstracting from the truth of the signification, as Gaspar Sanchez wishes (on 4 Kings ch. 20) and Bonartius above; or whether, finally, he really made the Sun stand still — as St. Jerome, from the tradition of the Hebrews, relates and does not reprove (in his book On the Hebrew Traditions, on that place), [and] the Abulensis (ibid., question 18), Lyranus, Hugo, Rabanus, Dionysius the Carthusian, and several others — it seems uncertain; nor does Cornelius à Lapide above define anything, just as neither do I, out of reverence for the Vulgate edition, which I prefer to receive as it stands.

But on this occasion Cornelius à Lapide and Bonartius (on Ecclesiasticus ch. 46) add other portents — if not so great, yet similar.


[Margin: St. Mutius the Abbot and Bessarion stop the Sun.]



For St. Mutius the Abbot, as Rufinus relates (book 2 of the Lives of the Fathers, ch. 9), proceeding by God's admonition to visit one of the brethren who was sick: "When he now saw the Sun setting, he said to it: 'In the name of our Lord JESUS Christ, stand still a little while in thy course, and wait for me, until I come to the village.' And it, when it had now in some part begun to sink, stood still, nor did it go down before the man of God reached the village; but all, standing and gazing at the delays of the Sun in setting, marveled — to whom he said: 'Do you not remember the word of the Lord, If you have faith like a grain of mustard, you shall do greater signs than these?'" So Rufinus, and from him Maiolus (Colloquy 1 of the Dog-Days). But also from a similar cause, Bessarion the Abbot, and another old man, are reported to have made the Sun stand still (book 6 of the Lives of the Fathers, ch. 2).


[Margin: The Sun stands still under Charlemagne. And under Charles V.]



That the Sun, moreover, stood still under Charlemagne, to take vengeance on the Saracens who had slain Roland and other princes of Charles in the slaughter of Roncesvalles, narrates Turpin, Archbishop of Rheims, who was familiar with Charlemagne (ch. 26 of the Life of Charles); but this [author] Baronius, Bellarmine, and Possevinus (On Ecclesiastical Writers) note as a suspect and fabulous author. Again, that the Sun stood still under Charles V, when he overcame the Saxon in battle, affirms Ludovicus Avila (book 2 of the German War), Gonzalvo de Illescas (part 2 of the History of the Pontiffs), and others, whom Christopher Scheiner follows (in his book On Celestial Refractions, ch. 32).


[Margin: And under Godfrey of Bouillon. And under Francisco Ximenes.]



Likewise, on that day on which Godfrey of Bouillon, in the year 1099, stormed Jerusalem — on Friday, and at the hour at which Christ had there been crucified — the Sun retreated some degrees, narrates Eucherius (in the History, ch. 21), and from him Genebrard (in the Chronicle, book 4). In the preceding century too, at the time when the Spaniards stormed Oran and conquered the Moors, the Sun stood still for 4 hours, testifies Alvarus Gomez (book 4 of the Deeds of Cardinal Francisco Ximenez).


[Margin: And under Francis Xavier.]



Finally Bonartius (in the cited place), from letters written from Madrid, and by the oath of the Fathers of our Society, narrates that the Sun, when just about to set, stood still for five and more hours, until our men with others could escape from the shoals which are between Goa and Malacca, into which the Helmsman had imprudently run with the greatest danger — [a danger] which had been increased by a wind suddenly stirred up, and driving the ship onto the shoals. Which miracle he says was wrought by the intercession of St. Francis Xavier, to whom they had commended themselves, a vow being added of a silver lamp to be carried to his tomb. Portents of this kind, moreover, Cornelius à Lapide explains [as occurring] not in the globe of the Sun itself, but in an image refracted through clouds or vapors of the horizon: otherwise, says he, if the Sun itself had stood still, the Astronomers of the whole world would have noted this. But I come to the other miracle wrought under Hezekiah.


[Margin: The miracle under Hezekiah, on the sundial of Ahaz.]



[VI.] For concerning the Going-back of the Sun under King Hezekiah, at the wish and prayers of Isaiah, the Holy Fathers and Interpreters likewise treat — on 4 Kings ch. 20, or on Isaiah ch. 38, or on Ecclesiasticus ch. 48, or in 2 Paralipomenon ch. 32, where this miracle is mentioned; but the most diligent of all are Gaspar Sanchez (on 4 Kings ch. 20), Salianus (vol. 4 of the Annals, on the Year of the World 3322, from no. 86), Cornelius à Lapide (on Isaiah ch. 38, and on Ecclesiasticus ch. 48), and Oliverius Bonartius (on Ecclesiasticus ch. 48) — all of our Society.


[Margin: Whether the Sun itself, or only the shadow, went back.]



Concerning this miracle, therefore, the chief question is whether only the shadow went back on the sundial of Ahaz, or the Sun itself. That the shadow alone retreated, think Burgensis (on 4 Kings), Vatablus, Arias Montano (on Isaiah), Emmanuel Sà — because the Sun's regress is a greater miracle than its restraint, and [it ought] not to be passed over in silence by Isaiah and the writer of the book of Kings, who nevertheless made mention only of the shadow; nor was the choice offered to the King except concerning the shadow, since he, sick in bed, could not see the Sun, but only the shadow through the window; finally the Babylonians would not have doubted about a portent which had been observed at Babylon too, nor [merely] brought to them by report. But on the contrary, that the Sun itself returned affirm Sirach (Ecclesiasticus 48), where, when he had said, "Isaiah the great Prophet, and faithful in the sight of God," he at once added: "In his days the Sun went backward, and he added life to the King." In Greek ἀνεπόδισεν ὁ ἥλιος [anepodisen ho hēlios], "the Sun went back" — where the [phrase] "added life to the King" is referred to Isaiah rather than to the Sun, unless you understand that the Sun "added," that is, signified [the life] to be added by its regress; nay, Isaiah himself (ch. 38) says, "And the Sun re-…"


[…continues on p. 483 (PDF 518) with the catchword "epi-" (epi-stola) — completing "the Sun returned ten lines," and the witnesses (Dionysius, etc.) that the Sun itself went back. (Note: the printed sentence "the Sun returned ten lines, and 2 Paralipomenon 32 says that portent happened not at Jerusalem only but 'upon the earth,' signifying universality; wherefore deservedly St. Dionysius in [his] epistle… and others judged the Sun itself went back.")]





(printed p. 483 — Chapter XXXVII continues the Hezekiah-sundial miracle: that the Sun itself returned is the constant opinion of almost all Fathers and interpreters; the dial's form, the hour of the prodigy, and whether the ten lines were whole hours or fractions are canvassed. Riccioli then gives his own five-point opinion — the reversal was a true miracle, nearly instantaneous, before noon, and the ten lines were probably half-hour marks.)
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…[St. Dionysius in his] epistle to Polycarp; Saints Jerome and Cyril (on Isaiah); Procopius, Lyranus, Haymo, Hugo, Adamus (ibid.); the Author of the Marvels of Sacred Scripture (book 2, ch. 48); Theodoret (on Psalm 29); Elias of Crete (on the 19th oration of St. Nazianzen); the Abulensis; Sanchez; Cornelius à Lapide (on Isaiah ch. 38, and on 4 Kings ch. 20, where Sanchez says that it is the constant opinion of almost all the Fathers and Interpreters); finally Serarius (on Joshua), Salianus, and Bonartius above. Granted that Isaiah expressed to the King only the regress of the shadow, as the effect — from which he could more conveniently and evidently discern the magnitude of the miracle wrought in the Sun; nor did the Babylonian Legates doubt about the substance of the prodigy, but about its manner and circumstances. There is added that sundials can be made naturally, in which the shadow alone retreats, as Clavius demonstrates (in the construction of the instrument for sundials, ch. 21), where he prudently refutes Pedro Nuñez [Petrus Nonius], who said that that prodigy was wrought by a sciateric [gnomonic] artifice, and accordingly naturally — whereas it was wrought miraculously and supernaturally.


[Margin: The time of the Miracle, and the kind of sundial.]



[VII.] It is moreover controverted at what time of day, and in what kind of solar sundial, this miracle was wrought. But since Scripture (4 Kings ch. 20) introduces Isaiah speaking thus: "Wilt thou that the shadow go up ten lines, or that it return back as many degrees?" and soon: "And Hezekiah said, It is easy for the shadow to grow ten lines; nor do I wish this to be done, but that it return backward ten degrees. And so Isaiah the Prophet invoked the Lord, and brought back the shadow through the lines by which it had already descended on the sundial of Ahaz, backward ten degrees." And Isaiah 38: "And the Sun returned ten lines, by the degrees by which it had gone down." From these, Cornelius à Lapide (on Isaiah ch. 38) gathers that that sundial was in a vertical plane, erected to the Horizon in such a way that its face was turned toward the Meridian [South]; for, since it is probable that it was conspicuous on the wall of the royal palace for common use, those conditions cannot be verified except of such a sundial — namely [one having] the ascent and descent of the shadow; but [rather] the ascent of the growing shadow, and the hours from East to West ten. If indeed on it could be marked an ascent through 10 degrees or lines, and a descent through as many lines. For concave hemispheres [hemispherical dials] would have been less apt and convenient for this, and less exposed to observers. Moreover the same author gathers that it was the time of noon, or near it; for now, the Sun ascending [toward noon], the shadow had descended toward the meridian through 10 lines, and through as many it was about to ascend, if the King had wished; wherefore the shadow seems to have been at the terminative point of the descent made and the ascent to come.


[Margin: The antiquity of the Solar sundial.]



On which occasion, note in passing that the inventor of the Solar sundial was not Anaximenes — as Pliny thinks (book 2, ch. 76), who flourished around the fiftieth Olympiad; whereas Ahaz lived under the first Olympiad, that is, nearly 200 years before Anaximenes; and many more years before L. Papirius Cursor, who first set up a Solar sundial for the Romans, at the temple of Quirinus, about the first Punic War, as Pliny relates (book 7, ch. 60). But see Clavius (book 1 of the Gnomonics, p. 7).


[Margin: Whether the 10 lines were hour-lines or half-hour-lines.]



[VIII.] Thirdly, it is asked whether those ten lines designated ten whole hours, or halves or quarters of hours — on which depends the solution of the question concerning the quantity of that day. Although in these [matters] another question too is involved, namely whether the return of the Sun and shadow was made suddenly and in a moment, or little by little and successively. That those lines were hour-[lines], not half-hour-[lines], indicated St. Dionysius (in the epistle to Polycarp); the Author of the Marvels of Sacred Scripture (book 2, ch. 28); Eucherius (on 4 Kings ch. 20); the Chaldee Paraphrast, Bede, and Angelomus (ibid.); and from these St. Dionysius [reckoned] that that day was of 32 hours — namely 12 temporal hours, and 10 which the Sun added by going back, and as many others which it added by going forward; and thus the artificial day would have been almost tripled. But some say that that day was [merely] doubled — as the Author of the Marvels of Sacred Scripture, Procopius (on Isaiah ch. 38), Rabbi Kimchi (in Vatablus), Tornielli (Year of the World 3322, no. 6), the Abulensis and Cajetan, Sanchez (on Isaiah). And so [they say] either that those lines were half-hour-[lines], or that the Sun returned to the East in a moment of time, or at least most swiftly, and afterward, advancing by ordinary succession, added to the 12 hours another 10 hours, or to the 10 hours already elapsed [another] 12 hours; and thus the day was of 22 hours. For if the lines were hour-[lines], and the Sun had used its accustomed slowness both in the regress and in the progress, the shadow of the Sun could not grow through the other 10 lines, as Isaiah had offered to the King; otherwise the artificial day at Jerusalem would have been of 20 hours naturally — inasmuch as [they were] designated on the sundial. But Cornelius à Lapide (on Isaiah), because he thinks it was then noon, and that on that sundial only 10 hours were designated — five forenoon [hours] by 10 half-hour lines, and as many afternoon — judges likewise that that day was of 15 hours; which number is surely apt for designating the 15 years which God superadded to Hezekiah. Hence likewise it will follow that the day prolonged by Joshua's command was longer than this day prolonged by Isaiah's prayers — although this is by no means necessary, since those words of Joshua 10, "there was not before nor after so long a day," pertain only to the time at which the Author of that book was writing.


[Margin: Whether the other stars went back.]



Yet on this occasion too — that not the Sun only but the rest of the stars retreated proportionally, lest the disposition of the heaven be disturbed — teach St. Dionysius (to Polycarp), the Author of the Marvels of Sacred Scripture (book 2, ch. 28), the Abulensis (on 4 Kings, question 33), Baradius (vol. 1, book 5, ch. 14), Cornelius (on Isaiah ch. 38), Salianus above, and Bonartius.


[Margin: Our opinion concerning this miracle.]



[IX.] But I explain the aforesaid miracle thus, the better judgment being always reserved. And First, I say that Isaiah, when he offered the King the choice — either of the ascent of the shadow, or of its return — offered in either case some miracle; and accordingly that the ascension of the shadow was not to be accomplished after 10 or 5 hours by the ordinary descent of the Sun toward the West, but immediately, and in almost a single instant. The King, however — who either had not understood that miracle [as] not expressed by the Prophet, or [who] was wishing for a greater and more evident miracle, liable to no ambiguity, when now the choice was given — chose the return of the shadow; for whether that miracle were to be accomplished most swiftly and almost in an instant, or by the succession accustomed to the Sun's motion, some miracle would at last be wrought — namely in the regress of the shadow through the same lines through which it had already advanced from the rising of the Sun; and if this very thing was to be done in a moment, there would be a double miracle in one miracle.

Secondly, I say that the return of the Sun and shadow was made in a moment, or with the greatest possible speed — which those words signify: "And he brought back the shadow through the lines by which it had already descended"; for there was no cause for deferring the perfection of the miracle and keeping the King in suspense, and the Prophet occupied in the palace in vain for 10 or 5 hours. Finally reason demands that the ascent of the shadow in the regress was such as it was going to be in the progress, if the King had chosen the former part of the offer; but that [progress] would doubtless have been miraculous, and accordingly without the accustomed delay of the Solar course; nor did it belong to the divine liberality, [the King] choosing a greater and surer miracle, to restrict it to the return alone.

Thirdly, I say that, although from the sacred text and the property of that sundial it is gathered that the time was not yet afternoon (for the shadow had so descended through ten lines, on account of the ascent of the Sun, that it could still ascend through ten other lines as the Sun descended toward the West, and grow or advance to as many remaining lines, if the King had wished it thus suddenly, by God's command, to advance — and yet through all the lines through which it returned, it would [by then] have already descended; but it would not have descended through some lines, and begun to ascend through [some] one); it does not however follow that it was the very moment of noon, but it could have been a forenoon time — and yet the Prophet could bring it about (if the King had chosen the mere ascent) that the shadow, immediately crossing the meridian line, should hasten to the last of the eastern lines, the Sun rushing into setting by a headlong and almost momentary leap.

Fourthly, I say that the ten lines through which the shadow had already descended could not be lines designating or terminating whole hours; because the forenoon hours, not even on the artificial solstitial day, could at Jerusalem be 10, but only 7 hours 2½ minutes [7h 2′ 30″] — since there the longest artificial day is only of 14 hours 5 minutes. It is therefore more probable that they were half-hour [lines], and that on that sundial not only the hours but also the half-hours were marked — which is done by the more diligent Sundial-makers, whether with the same or with different colors. Therefore the ten lines comprehended five whole hours.

Fifthly, I say that it is not probable that that maker, who was so diligent that on the wall of the royal palace [he marked] not only the hours, but also the di-…


[…continues on p. 484 (PDF 519) with the catchword "scri-" (di-scri-mina, the distinctions [of the half-hours]).]





(printed p. 484 — Chapter XXXVII finishes Riccioli's opinion on Hezekiah's dial (probably a year-round wall-dial with seasonal hours marked by half-hour lines, "steps" being figurative) and opens the patristic dossier proper, quoting the Fathers' own words on both miracles: Dionysius the Areopagite, Hilary, Cyril of Alexandria, Gregory Nazianzen, Elias of Crete, Theodoret, Augustine, and Jerome beginning.)
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…the di[stinctions of the half-hours], should [yet] have delineated a sundial so maimed and imperfect that for the whole day it designated only 10 hours — namely five forenoon and as many afternoon. For if those hours were unequal or temporal [seasonal], the first hour after sunrise and the last before sunset would be lacking, since the artificial day is of 12 temporal hours; but if they were equal hours, then on the days nearest the summer solstice two hours after sunrise and two before sunset would be lacking — since the artificial day would be, as I said, of 14 equal hours; but at the time of the equinox, single hours on each side would be lacking; nor would the sundial serve accurately, except on the days of winter, on which the day there was of 10 equal hours. Therefore in that sundial there were designated at least 12 unequal hours, by 24 half-hour lines; for it is more likely that the Hebrews, like the Romans and Greeks, used temporal hours — as we taught in our Chronological work. Wherefore, since Isaiah brought back the shadow through all those lines through which it had already descended, and those were 10, it is very probable that it was then the 5th hour from sunrise, and that one hour still remained to noon; and accordingly, since the Sun completed these twice on that day by its motion, that whole day was of 17 temporal hours.

But if someone wishes those hours to have been equal, and [it] a winter day, then it would have been noon, and from the 10 hours of the artificial day, with 5 superadded, 15 hours would be formed — which would be apt for signifying the 15 years divinely superadded to the King; granted that this signification is not necessary.


[Margin: Whether the sundial of Ahaz was a kind of staircase?]



There are, however, [those] who think that that sundial consisted of degrees, as of stairs, rather than of lines — as we shall see below, from Saints Hilary, Cyril, Jerome, and Elias of Crete. But a sundial of this kind — which would serve the whole year, and be at once obvious to the common [people], and could be seen by the King lying in bed, and on which the bringing-back or return of the shadow through 10 lines could be at once observed — would have been most difficult [to construct]; nor, from the fact that Scripture says "Degrees [Gradus]," does it follow that they were real degrees of some staircase, but [Scripture] so called them because the lines in vertical sundials are so disposed around the gnomon that they imitate the steps of spiral staircases, whose ground-plan has been designed by some architect on the remaining plane; and by which reasoning also the lines of the parallels on globes or Geographical maps imitate the steps of staircases — whence arose the name of "Climates" — and yet they are not in reality steps by which one ascends.


[Margin: St. Dionysius the Areopagite's opinion on the Sun's standing-still and regress under Joshua and Hezekiah.]



[X.] Thus far concerning the substance and circumstances of each miracle, whose exposition was not to be interrupted by the sentences of the Fathers; yet it pleases [me] to bring these forward in this place, beginning with St. Dionysius the Areopagite, who, in the Epistle to Polycarp, speaking of Apollophanes the Sophist (who used the divine testimonies wickedly against the divine [Author]), says:


"Apollophanes ought to have understood — he who was [accounted] wise — that nothing in the order and motion of the heavens could ever have been changed otherwise than it is, unless it had had Him who both contains it in its state and created it, by whose motion and nod it had been brought to that point — [He] who, as is [said] in the divine letters, makes and changes all things. Why therefore does he not worship Him, whom from this too we have truly known to be the God of all, marveling at His power, by which He is the cause of all, and [which] cannot be expressed in words? Since by Him the Sun and Moon, by force and station above the nature of the universe of things, are fixed utterly immovable; and all day all things rest on the same points; or — what is greater — all the higher [bodies] being moved in a circle, those things which were contained in their embrace were not borne round together in a circle [with them]. And when a certain other day was made almost three times longer, even by twenty whole hours; or the universe repeated the contrary course of so much time, and was turned back by contrary revolutions so admirable; or the Sun, having contracted its varied motion into ten hours, again, by going back, completed the same whole [motion] anew in another ten hours. This indeed terrified the Babylonians — and by right and deservedly — and, without a fight, subdued [them] to Hezekiah, as though he were equal and like to God, and surpassed [other] men."



But in the same place he describes the immobility of the Earth, as we shall see below.


[Margin: St. Hilary's opinion on the sundial of Ahaz.]



But St. Hilary too seems to have thought the same as [we shall see of] the sundial of Ahaz; for thus he seems to think (in the preface on Psalm 119) — that it distinguished the hours by certain steps of a staircase; for he says:


"For in the book of Isaiah, Hezekiah praying, a Sign of his prolonged health was set for him in the steps. Now there were in his house ten steps, which the Sun, beyond the course of its [normal] time, ascended with its light approaching, and again descended on the day of his death, with its light descending."



But on Psalm 135 he says:


"That too was [a matter] of great miracle, both when, at the saying of Joshua son of Nun, 'The Sun stood still against Gabaon, and the Moon against the valley of Aialon.' I know not what more wonderful than this could be wrought: when, at the word of a man, the Sun and Moon were held back, for the delay of one day, from the law of their course."



In the same place he also describes the immobility of the Earth, as we shall see below.


[Margin: St. Cyril of Alexandria's opinion on the same sundial and miracle.]



But St. Cyril of Alexandria too seems to have thought the same as St. Hilary, when (book 3 on Isaiah, on ch. 38) he says:


"They say that Ahaz, the father of Hezekiah, took care that in his house certain steps were made, as by a machine and a certain art, which, as it were, numbered the hours, and measured the course of the Sun by the descent of the shadow made on them. That Hezekiah was about to return to life, God made plain by the shadow of the Sun going back, and the day being extended to an unusual measure of hours."



And on Isaiah ch. 39 he teaches that the miracle was wrought in the Sun itself, so that this was one of the chief causes for which Merodach son of Ladan, King of Babylonia, sent legates to Hezekiah with gifts and letters:


"But not this alone struck the Babylonian with wonder — that, I say, Hezekiah was sick and again returned to good health — but that [other thing was] altogether great, and truly a vast sign. By an ineffable and divine nod the Sun was commanded to run back and retrograde, so that the shadow too returned 10 degrees. The Sophi [wise men], by the surname of the Babylonians and Chaldeans — that is, the wise — although they boast themselves subtly learned in knowing the course of the Sun and the rising and setting of the stars, did not, as it seems, fail to know this retroversion and the unusual magnitude of its day, etc."

[Margin: St. Gregory Nazianzen's opinion.]



To these let St. Gregory Nazianzen be added, who (in oration 18, which is in praise of St. Cyprian the Martyr) reckons among the ancient miracles these: "The Sea is cleft, bread is poured like rain, the course of the Sun is restrained, etc."; and (oration 20) "He who cleft the sea, compressed the Sun's course, restrained the river, etc."; nay, before, in oration 3, he had said: "The Sun standing still, and the Moon held back, and the course of the Jordan cut off, etc." — in which places he indicates Joshua's miracle. But in oration 19 he touches the other miracle, saying of Hezekiah, "Whom God endowed with an increment of life, and that by the shadow of the steps driven back He indicated — honoring the king at once with grace and with a sign, and confirming [it] by the increase of the day."


[Margin: Elias of Crete's opinion on the sundial of Ahaz, etc.]



Which place Elias of Crete thus expounds:


"In the commentaries of the ancients we find that that day was of thirty-two hours; for, since there were twelve steps of the house [palace], by which Ahaz his father, reckoning the hours and giving attention to this art, accurately perceived the course of the Sun — and at that time the Sun had run its course and had come to the tenth hour, and in the same way the shadow had descended ten steps — the Sun again went back ten steps, and thus twenty hours elapsed; after which, when the Sun had again traversed its course in its order, it went to its setting: thus the length of that day was of thirty-two hours, and that miracle pervaded the whole globe of the lands. For all beheld the Sun to have gone back."

[Margin: Theodoret's testimony on the miracle of Hezekiah.]



Theodoret agrees with these, on Psalm 20, which begins ("O Lord, the King shall rejoice in Thy strength") and which he thinks was composed by David, in the prophetic spirit, concerning Hezekiah; wherefore, explaining that verse ("He asked life of Thee, and Thou hast given it him") and the following ("great is his glory in Thy salvation; glory and great honor, etc."), he adds:


"Not only didst Thou grant him life, but Thou madest him illustrious and famous — both by the admirable destruction of [his] enemies, and also because the Sun ran in a preposterous [reversed] order; and this became so known by land and sea, that the king of the Babylonians sent gifts to those who once lavished gifts on the Assyrians."

[Margin: Venus changes its course. St. Augustine's opinion.]



Mention of each miracle is also made by St. Augustine (book 21 of the City of God, ch. 8), where he first narrates thus, from Marcus Varro, concerning the star Venus:


"In heaven there appeared a marvelous portent; for in the most noble star of Venus — which Plautus calls Vesperugo, Homer Hesperos, calling it most beautiful — Castor writes that so great a portent appeared, that it changed its color, magnitude, figure, course; which has happened thus neither before nor after. This Adrastus of Cyzicus and Dion of Naples, noble Mathematicians, said happened under King Ogyges"; and, a few words interposed: "It surely then disturbed [the rules], if there were already any Canons of the Astrologers, etc."



But [coming] to our matter:


"But we read in the divine books that the Sun itself also stood still, when the holy man Joshua son of Nun had asked this of the Lord God, until the begun battle should end in victory; and that it went backward, so that to King Hezekiah the fifteen years added for living might also be signified, this prodigy being joined to the promise of God."



Let us now hear St. Jerome on Isaiah ch. 7, where, explaining that [passage] ("Ask thee a sign of the Lord thy God…")


[…continues on p. 485 (PDF 520) with the catchword "tuo" (Deo tuo) — Jerome's exposition.]





(printed p. 485 — Chapter XXXVII finishes its patristic dossier on the miracles (Jerome, Gregory the Great) and expounds the literal sense of Psalm 18's Sun as bridegroom and giant running its course, with a cascade of Fathers on the Sun's real diurnal motion. It then treats Ecclesiastes 1 ("the Sun rises and sets"), Riccioli preferring Aquinas's reading of "the spirit goes on in its circuit" as the Angel that moves the Sun.)
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[Margin: St. Jerome's opinion on the sundial of Ahaz.]



…thy [God, either] into the depth of hell, or into the height above") and teaching by many examples that some signs were given on earth, others in heaven, he subjoins: "I think that Hezekiah too, when the Sun went back ten lines, received a sign from heaven; and Joshua son of Nun, in Gabaon and Aialon, the Sun and Moon standing still." And on Isaiah ch. 38 he indicates two opinions concerning the form of the sundial, in these words: "A sign is given, that the Sun go back ten degrees, which we — following Symmachus — turn into lines and a sundial: who [i.e. Symmachus] understood the degrees [to be] in lines, that he might make the sense clearer to readers. Or [it may be that] the steps were so constructed by mechanical art that, the shadow descending through each one, it marked off the spaces of the hours; which sign was a type both of the present time and of the future — [namely] as [a figure of] how the Sun would return to its beginning, etc." And on chapter 39: "And because among the Chaldeans — whose King was Nebuchadnezzar — there is observation of the stars, and the course of the stars is known by long use and exercise (which is also shown at the Lord's nativity), they understood that the Sun, having returned, the spaces of the day being doubled, served Him whom they thought to be the only God. And when they sought out the causes and reason of this miracle, the report flying through all nations, they learned that, on account of the sickness of the King of Judah, even the course was changed, by a most clear sign." Most briefly St. Gregory [the Great], on 1 Kings ch. 2: "Joshua by [his] prayers fixed the Sun."

[XI.] But that [verse] of Psalm 18 [19], "In the Sun He has set His tabernacle," etc. — although by St. Augustine, St. Bernard, Cassiodorus, and others it is taken in a mystical sense, of CHRIST and the Church, or of CHRIST in the womb of the Virgin MARY, etc. — the literal sense nevertheless is of the Sun, the most illustrious of all the Planets, and of its most swift motion. But by those words, "His going forth is from the highest heaven, and His meeting even to the highest thereof," many — as our Lorinus says on this place — interpret [it] of the diurnal motion of the Sun from East to West;


[Margin: Caesarius's opinion. The opinion of Arias and Cajetan.]



especially Caesarius (dialogue 1), and St. Chrysostom (homily 6 on Genesis), and Theodoret (on Psalm 18); and St. Thomas, of the point of noon and of midnight, or of the same point of noon from which the day astronomically begins, and meeting itself in the same [point] terminates it. But Arias Montano understands it of the annual motion, from one Equinoctial or Solstitial point to the other. But Cajetan [understands it] of each motion — so that the diurnal is indicated by the "going forth from the highest heaven," and the annual by the "meeting" or "circuit"; so that we need not here delay over that place of Esdras (book 3, ch. 34), "The swift course of the Sun turns the heaven in [its] gyre into its place in one day" — for it is an apocryphal book.


[Margin: What does Nazianzen [say] of the Sun?]



But rather let us hear St. Gregory Nazianzen (oration 20), in which he compares St. Basil to the Sun, saying: "There is praised in David, Psalm 18, the beauty and magnitude of the Sun, and [its] course, and [its] swiftness, and [its] force and faculty — inasmuch as it represents a bridegroom by [its] splendor, a giant by [its] magnitude, and, advancing far and wide, has such great force that it equally illumines the extremes from the extremes, nor is its heat in any way diminished by the intervals of places. But in Basil, beauty was [his] virtue; [his] magnitude, [his] Theology; [his] course, the perpetual exercise of virtue, tending by daily ascents toward God; [his] power, the seed and distribution of doctrine. And so I shall not fear to say even this — that 'into all the earth his sound went out, and into the ends of the globe of the earth the force of his words.'" Thus he, understanding David to the letter,


[Margin: St. Chrysostom.]



no otherwise than St. John Chrysostom (homily 6 on chapter 1 of Genesis); for he says: "Blessed David, declaring its beauty, said, 'And he himself like a bridegroom coming forth,' etc. You see how it declared its beauty, and in operating [its] velocity? For by saying, 'His going forth is from the highest heaven, and His meeting even to the highest of heaven,' it signified to us how in one moment of time it runs through the whole globe, and from the ends to the ends sends its rays, etc."


[Margin: Theodoret.]



Let Theodoret succeed to this (on Psalm 18), who reads thus with three [other] interpreters: "He has set the tabernacle of the Sun in them" — and subjoins, namely in the heavens; and a little after: "He has set a tabernacle for the Sun in the heavens, that it might be carried by them; but according to beauty it imitates a bridegroom coming forth from the bridal chamber with much grace; and according to velocity, a certain giant running with great strength, nothing standing in the way to keep it from advancing further. For thus it rises from the East, and in the space of one day, running through, it arrives at the West."


[Margin: Saints Athanasius, Cyril of Jerusalem, Basil, Ambrose, Nazianzen, Nyssen.]



But since David had premised, "The heavens declare the glory of God," hence the Holy Fathers teach that the beauty of the Sun, [its] velocity, [its] most ordered and (from the beginning of the world) constant course, is a most luminous argument of the divine power and providence — but especially St. Athanasius (oration against the Idols, p. 9), St. Cyril of Jerusalem (Catechesis 9), St. Basil (homily 6 of the Hexaemeron), St. Ambrose (book 4 of the Hexaemeron, ch. 6), St. Gregory Nazianzen (oration 34, last page) — who, weaving excellent encomia of the Sun, especially extol its course and motion. But St. Gregory of Nyssa (oration 10 on the Canticle) thus proclaims the motion of the Sun around the Earth: "For who is ignorant of the Sun's motion — that it, from the East, through the southern region of the heaven, by an established course, bends toward the West? But the Earth, since it is globular in figure (as those skilled in these matters say), from whatever part it be at length illumined by the Sun, [from that part day is made, and] from the other opposite [part] it is necessary that darkness be made, etc."


[Margin: St. Jerome on the Sun's motion.]



[XII.] There remains finally that most celebrated testimony for the motion of the Sun, Ecclesiastes 1: "The Sun rises and sets, etc., and returns to its place, and there rising again, etc." — which place St. Jerome interprets of each motion of the Sun, first indeed of the diurnal, and afterward of the annual (on Ecclesiastes ch. 1), although in a flowery and as it were poetic style he thus begins: "The Sun itself, which has been given as a light to mortals, daily indicates the destruction of the world by its rising and setting; which, after it has dipped [its] burning wheel in the Ocean, returns, by ways unknown to us, to the place whence it had gone out; and, the course of the night being completed, again hastily bursts forth from its bridal chamber." Read the rest in him.

With St. Jerome, this whole place — of each course of the Sun, namely the diurnal and the annual — [also] understand Saints Bonaventure, [Gregory] Thaumaturgus, Theophilus of Alexandria (3rd Paschal Epistle); likewise Olympiodorus, Hugh of St. Victor, Hugh the Cardinal [of St. Cher], Lyranus, Albinus [Alcuin], the Carthusian, Cajetan, John Arboreus. But of the diurnal [motion] either solely or especially [understand it] St. John Chrysostom (homily 12 to the people of Antioch), St. Thomas (on Job ch. 37), and Lorinus (on Ecclesiastes ch. 1). But surely on the same one day, on which it wheels through the Meridian [South], it is not bent toward the North; nor even if it were moved by the force of two orbs — namely the Eccentric and the Epicycle — and on that account return into its several circles, and much less on the same day from [its] Apogee to the opposite of the apogee, as Lorinus seems to wish; for the revolution of these [orbs] is not wholly completed except by the annual motion, and of this is properly verified both the bending now toward the South, now toward the North, and the plurality of circuits into which it returns. Wherefore [it is] better, with St. Jerome and the several others above, [that] those former words, up to "and there rising again," be understood of the one diurnal circuit, but the rest of the remaining diurnal circuits composing the annual course.

Moreover, that the acceleration of the Solar motion might be signified, and as it were [its] desire of returning to restore the new day, that [phrase] "returns to its place" — Aquila renders προσέπνευσε [prosepneuse], or εἰσπνεῖ [eispnei], that is, "it breathes [toward]," and the Chaldee, "it pants for its place." But the following words, "and there rising again it wheels through the South and is bent toward the North," the Chaldee paraphrast renders thus: "It walks through the way of the abyss [over] every side of the South, and returns to the side of the North." Finally those words, "surveying all things in its circuit the spirit goes on," Hugh of St. Victor separates by punctuation, entering on a new period from those [words], "The spirit goes on, etc.," and by the name of "spirit" understanding the air and wind, which is borne round in a circle by [its] rapt motion — which also did not displease [Gregory] Thaumaturgus in [his] paraphrase, [nor] St. Bonaventure and Cajetan in [their] commentaries. But St. [Gregory of] Nyssa interprets [it] of man, who is denominated "spirit" from [his] nobler part.


[Margin: Whether and why the Sun is called "spirit."]



But St. Jerome understands [it of] the Sun, since it animates, breathes, etc.; and he uses the testimony of Virgil, who sang (Georgics, book 1):


In the beginning, the heaven and earth and the liquid plains,
and the shining globe of the Moon, and the Titanian stars,
a Spirit nourishes within, etc.



But there Virgil signifies an animated world — much more [an animated] Sun — from a false opinion; nor indeed did St. Jerome think the Sun animated, at least with an intellective soul, since (in the epistle to Avitus 59, and on Deuteronomy ch. 32, and on Isaiah ch. 45) he reckons among Origen's errors that he attributed a rational soul to the heavens. To me, as I have already said (section 2, ch. 1, no. 4), the opinion of St. Thomas (opuscule 10, on article 6) pleases [me] greatly — by the name of "spirit" understanding the intelligent Angel, who is said to "go on in a circuit" figuratively, because, namely, he makes the Sun go on, while he moves it (in the way in which, in Romans 8, it is said "the Spirit intercedes for us," that is, makes [us] intercede); to which opinion at last John Lo-[rinus] seems to subscribe…


[…continues on p. 486 (PDF 521) with the catchword "Io. Lo-" (John Lorinus).]





(printed p. 486 — Chapter XXXVII ends: Riccioli concludes there is a unanimous consent of the Fathers that the heaven moves locally, then presents a second dossier of Fathers on the Earth's stability (Basil, Ambrose, Chrysostom, Damascene, Jerome, and others). His synthesis assigns that stability an extrinsic cause (God's conserving will) and an intrinsic one (magnetism or the gravity of parts toward the center); as Cleanthes indicted Aristarchus, so Riccioli indicts "the Aristarchuses of our age" for moving Scripture itself from its place.)
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[Margin: The unanimous consent of the Fathers on the Motion of the Sun.]



…John Lorinus, on Ecclesiastes ch. 1, at the end of verse 6. But besides so many Fathers and interpreters who have taught that the Sun is moved locally — as we have hitherto abundantly shown — there agree also Origen (homily 3 on Matthew), Isidore of Pelusium (epistle 100), Isidore of Seville (book 3 of the Origins, ch. 49), St. Chrysostom (on Psalm 134), St. Justin (question 59), Glycas (part 2 of the Annals, p. 271), Claudius Mamertus (book 2 On the State of the Soul, ch. 13) — and finally, who [does] not [agree]? Deservedly therefore we conclude that there is a Unanimous consent of the Fathers [that] the Heaven is moved in a gyre by local motion, and that Sacred Scripture was thus understood by them.

The Opinion of the Fathers on the Stability, Place, and Poising of the Earth from Sacred Scripture.


[Margin: St. Basil on the Earth's place and immobility.]



[XIII.] In the first place there presents itself St. Basil (homily 1 of the Hexaemeron), where he approves the opinion of Aristotle, and says: "These things therefore being set aside, let us not now inquire upon what substrate the earth is founded and rests; for in this way the mind will be disturbed by a certain vertigo, the discourse finding no sure exit"; and again: "Surely this answer is for us most safe for acquiring the understanding of Scripture, and useful for hearers." Then: "But that the middle of the universe is the lowest place, our discourse has now demonstrated; do not therefore wonder if the earth falls off in no part of itself, since indeed it occupies the very middle place of the universe, most accommodated to it by nature."


[Margin: St. Ambrose. — Job ch. 26.]



Whom St. Ambrose imitates in his manner (book 1 of the Hexaemeron, ch. 6): "Let it suffice for knowledge, what the series of the divine scriptures comprehends — that He suspended the earth upon nothing. What [need is there] for us to discuss whether it hangs in the air, or upon the water, so that thence a controversy might arise, how the nature of the air, [being] thin and softer, could sustain the earthen mass?" Afterward he concludes: "that it has [its] stability not from this, that it is suspended in the middle as if on an even balance, but because the majesty of God, by His will, binds it by [such] a law, that it persists stable above an unstable and empty nature." And again: "But the earth is a foundation, on which we stand; although that the earth is in the midst of heaven, both the discourse which is outside [secular philosophy] celebrates, and Scripture seems to signify, Job saying, 'He suspended the earth upon nothing.'"


[Margin: St. Chrysostom.]



St. Chrysostom agrees (homily 2 on Psalm 103), on those words ("Who hast founded the earth upon thy stability; it shall not be inclined, etc."): "But what," says he, "is this stability? Surely the effecting power, for in His hand are all the ends of the earth." And homily 12 to the people of Antioch: "The earth is fixed, the water [above it], but [the heavens] are always moved."


[Margin: St. Nazianzen. St. Hilary. St. Justin.]



To the same power of God recur St. Nazianzen (oration 34) and St. Hilary (on Psalm 135), explaining that [verse] ("who established the earth above the waters"): "Let it suffice to have learned, from Prophetic authority, that the earth stands above the waters by a hanging firmness." Also St. Justin Martyr (question 130), where it is concluded most elegantly: "The waters therefore sustain the heaven; the Earth [sustains] the waters; the divine nod [sustains] the Earth — which, he says, He suspended upon nothing."


[Margin: St. Damascene. St. Nazianzen again. St. Jerome.]



But also St. John Damascene (book 2 of the Orthodox Faith, ch. 10): "The Earth is one of the four elements, endowed with dryness, coldness, and heaviness, and devoid of motion, etc. But upon what thing it sits, or on what foundation it leans, could be told by no mortal." There is extant also, in the catena of the Fathers on Job, a saying of St. Gregory Nazianzen on the Earth: "By what reasoning, finally, dost thou persist stable and firm? what is it that sustains it? and that very thing which sustains it, [what] makes it firm? Surely reason finds nothing on which it may rest, except the will of God, by which He suspended and made it firm; nor is there anything else by which the earth is propped or contained." The same mind exactly was St. Jerome's (on Job ch. 26), expounding that saying ("who hangs the earth upon nothing"): "This is to be understood thus — either that the earth was made out of nothing, or that there is nothing beneath the earth by which the earth is sustained; since He Himself sustains all the universe, and it is poised immovably by the power of God; because in Him are all things, and by Him all are contained — of whom the Apostle says, 'bearing all things by the word of His power.'" But on Psalm 12 he affirms that the Earth is the lowest of all, "Because the end of creatures… is the Earth"; and on Jeremiah ch. 13: "Just as the heaven cannot be loftier than it is, nor the earth lower than it is."


[Margin: St. Prosper. St. Athanasius. Procopius.]



Add to these St. Prosper (on Psalm 103), [recurring] to the divine power as to a sacred anchor in this wavering [question]: "Concerning this Earth it is laboriously asserted that it is not to be inclined for ever and ever; although it has been said, 'heaven and earth shall pass away.' For [the earth] being founded upon firmness, we can so understand [it], that that force, by which it is sustained and contained, is called its 'firmness' — which, although hidden from us, is nevertheless rightly believed [to be] in the wisdom and power of the Creator, who established all things in Himself, in whom also He founded all." Yet that the immediate cause is gravity St. Athanasius seems to have thought (in the oration against the Idols), when he says: "That the Earth, remaining immovable, bears fruit; and, being by nature the heaviest of all, does not sink down, but stands stable and immovable." Thus also Procopius (on Genesis ch. 1 and on Isaiah ch. 13), explaining those words ("Over this I will disturb the heaven, and move the earth out of its place"), subjoins: "For [the earth], suspended by an even balance, since it is equidistant on every side by an equal interval, must necessarily be unmoved." The same intrinsic force Theodoret hints at (on Psalm 103): "When He had built it upon itself, He gave it [the property] that it should never be moved"; and Clement of Alexandria (in the oration exhorting to the Gentiles): "This for thee — and the Universe — He adorned harmoniously and elegantly, and reduced the discord of the elements into order, so that for it the whole world might become a harmony; but the Earth He made stable and solid." As regards the other Interpreters, they may be seen on Job chs. 26 and 38, on Psalm 103, and on Ecclesiastes ch. 1.


[Margin: The twofold Cause of the Earth's stability. — 1. Extrinsic.]



[XIV.] From the things said hitherto we gather two causes of the Earth's stability. One [is] as it were extrinsic, which most of the Fathers acknowledge — namely the divine will and omnipotence: of which the [will] decreed from eternity that the Earth should be placed and consist rather in this virtual part of His own divine immensity (or, as others say, in this region of imaginary space); but the [omnipotence], executing the divine decree, created [it] from the beginning of the world, and now conserves the Earth in the same place, so that there is no created power which could move it from its place. Since indeed most of the Scholastics, with St. Thomas (opuscule 10, article 16, and on book 2 On the Heaven, lecture 2), teach that not even the Angels can do this — not so much because they could not overcome the whole weight of the earth, as lest the order of the universe constituted by God be disturbed; and St. Thomas subjoins: "But if it be asked concerning circular motion, by which the said order is not varied, it seems that the earth naturally rests."


[Margin: 2. Intrinsic cause.]



The other cause is some intrinsic force of the Earth, divinely conferred, by which it can hold itself in the place once assigned to it — whether that be magnetism (as our Fathers Cabeo, Athanasius Kircher, and Nicolaus Zucchi suppose), or the weight and gravity of all the parts toward that center which God willed to be at once the center of the Earth and of the Universe (from which it comes about that it recedes equally from the extremes).


[Margin: Ancient profane [pagan] authors for the stability of the earth.]



And this [view], besides St. Athanasius, Procopius, and Theodoret, [hold] most of the Philosophers with Aristotle (book 2 On the Heaven, from text 77), and many other profane writers — namely Cicero (in the Dream of Scipio), and there Macrobius (book 1, ch. 22), Vitruvius (book 9, ch. 4), Pliny (book 2, ch. 5), Cleomedes (book 1 of the Cyclic Theory, ch. 9), Martianus Capella (p. 192), Manilius (book 1 of the Astronomicon, ch. 2), and Ovid (book 1 of the Metamorphoses), in that verse:


Nor did the earth hang in the surrounding air,
poised by its own weights.



Whose [Ovid's] is also that [verse]:


The earth stands by its own force; by standing [stando], it is called Vesta.



On account of which force, indeed, the Pythagoreans and Platonists attributed the Cube — the symbol of stability — to the Earth (as Plutarch testifies, book 2 On the Opinions [of the Philosophers], ch. 6); and the Roman Priests were wont to sacrifice sitting, to Ops at rest (which is the Earth), because she brings help [opem] to all (from the same Plutarch, in the Roman Questions); and finally Cleanthes brought an indictment against Aristarchus of Samos — who led the Earth round through the annual orb — before the Areopagites, because he had moved the sacred things of Vesta from [their] place (as the same Plutarch narrates, in the opusculum On the Face of the Moon). Wherefore it ought to seem the less wonderful, if we too bring an indictment, before the Sacred Tribunal, against the Aristarchuses of our age reviving from below, because they have striven to move not only the Earth, but Sacred Scripture itself, as it were, from its place — since indeed the literal sense is, as it were, a certain "place," and foundation, in which its other senses rest; which [literal sense], so long as nothing stands in the way, we shall teach in the following chapter must be retained immovably.


✠ [Chapter XXXVII ends here.]

[…continues on p. 487 (PDF 522) with the catchword "CA-" (CAPVT XXXVIII) — the opening of Chapter XXXVIII.]





(printed p. 487 — Chapter XXXVIII opens: the Copernicans' responses to the sacred authorities are to be brought forward and refuted as unsound and dangerous. Their responses, from Copernicus's preface to Paul III through Kepler, Foscarini, and Lansberg, are reduced to five heads; Question 1 then asks whether astronomical skill is necessary for ecclesiastics to censure such matters, with Copernicus's arrogant "Mathematics are written for Mathematicians" and Kepler's grievances over the 1616 decree cited.)
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Chapter XXXVIII, The Responses of the Copernicans to the Sacred Authorities concerning the Motion of the Sun and the Rest of the Earth are brought forward and refuted — as not only little solid, but even dangerous.


[Margin: The authors of the Responses to the Sacred authorities.]



[I.] The form and beauty of the Copernican hypothesis has fascinated the innovators and its followers, by some enticement or other, to such a degree that they have not hesitated both to twist the words of Sacred Scripture to an alien sense, and to despise the judgment of the holy Fathers and of Churchmen. Of whom, namely, Copernicus himself lifted up [their] spirits and went before [them] by [his] example, in the preface of [his] work to Paul III, as we shall soon see. And in Responses to the sacred authorities — to be contrived — there followed him: John Kepler (in the Introduction to the Commentaries on the motion of Mars, and in the notes to chapter 1 of his Mysterium Cosmographicum, and in the Epitome of Copernican Astronomy, book 1, from p. 138); Christopher Rothmann (in the Tychonic epistles, p. 130); Paul Anton Foscarini (in the epistle to Sebastian Fantonus, General of the Carmelite order, published in Italian at Naples in the year 1615, and afterward rendered into Latin by Davide Loteo, and published at Lyon in the year 1641, together with the dialogues of Galileo, at the expense of Jo. Antonius Huguetan) — in which epistle the Author professes a reconciliation of the Authorities of Sacred Scripture and of Theological propositions with Copernicus's opinion concerning the mobility of the Earth and the stability of the Sun. From whom [these authors], for the same [reconciling] conventicle, took some [arguments]: Redemptus Baranzanus (part 1 of the Uranoscopia, doubt 10, member 3), and Pierre Herigone (vol. 5 of the Mathematical Course, in the Theory of the Planets, at the end of book 2, or from p. 626), and Jacob Lansberg the Physician (in the Apology for the commentaries of Philip Lansberg on the diurnal and annual motion of the Earth, against Libertus Fromondus, theologian of Louvain, and Jean-Baptiste Morin, the Parisian Mathematician, published at Middelburg in the year 1633).


[Margin: The 5 chief heads of the Responses.]



Moreover the Responses of these [authors] are reduced to 5 heads. The first is the unskilledness in Astronomy or in the whole of Mathematics in some Ecclesiastical Persons — so that they call the judgment and censure of those [persons] concerning these matters into contempt or suspicion. The second is, that the skill of Physical and Astronomical matters was neither handed down by the Holy Spirit in the divine letters, nor is to be the concern of Churchmen. The third (which is next to the second) is, that if any things concerning the Sun's motion or the Earth's stability are found said in passing in the Scriptures, those do not pertain to the dogmas of Faith — especially if they be said by someone not bearing the person of God. The fourth is, that the passages usually heaped up from sacred Scripture against the Earth's motion and the Sun's stability ought to be taken not in the proper literal sense, nor in the rigor of truth, but in the popular sense — either as to appearance, or figuratively. The fifth is a confirmation of the fourth, from many other passages of Scripture in which Physical or Astronomical matters are touched, which nevertheless it is agreed are to be taken not according to the rigor of the letter, but by a kindlier interpretation. Let us begin from the first head; Questions being set up for each one, to be resolved in this and the following chapter.

Question 1. Whether skill in Physics and Astronomy is necessary for Ecclesiastical Persons, to pass a valid and obligatory censure concerning physical and astronomical matters: from the rules of the Faith and of the sacred Canons.


[Margin: Authors for the affirmative part.]



[II.] [There is] no doubt that Copernicus would respond to us affirmatively: since, when he recognized with how great a hazard he was exposing the novelty of his hypothesis, and had said, in the preface to Paul III, Supreme Pontiff:


[Margin: Copernicus dedicates his work to Paul III.]

"Although I know that the thoughts of a philosopher-man are remote from the judgment of the crowd — because his study is to seek the truth in all things, insofar as it is permitted by God to human reason — yet I judge that opinions utterly alien from rectitude are to be fled. And so, when I myself considered with myself how absurd an akroama [ἀκρόαμα, a thing-heard, a doctrine] those would reckon [it], who know this opinion confirmed by the judgments of many ages — that the earth is placed immovable in the middle of the heaven, as its center — if I should on the contrary assert that the earth is moved; long did I hesitate with myself whether I should bring into the light my commentaries written for the demonstration of its motion, etc."



These things, I say, being recognized, he nevertheless adds that he therefore consecrated his work On the Revolutions to that Supreme Pontiff — as [to one] most cultivated in these arts, and lest he seem to dread the judgment of anyone fit to adjudicate concerning these [matters]. His words are:


"But that the learned and unlearned alike might see that I do not at all flee the judgment of anyone, I preferred to dedicate these my lucubrations to your Holiness rather than to any other; because, even in this most remote corner of the earth in which I act, by the dignity of [your] rank, and of all letters, and even by [your] love of Mathematics, you are held most eminent, so that you can easily by your authority and judgment repress the bites of [those] calumniating [me] — although it be in the proverb that there is no remedy against the bite of a sycophant."



But what wilt thou do, Copernicus, if some — imbued with nothing of Mathematics, or very lightly — should speak against thee, on account of the authority of sacred Scripture resisting thy hypothesis? He responds without hesitation:


[Margin: Copernicus's arrogant saying.]

"If perhaps there shall be mataiologoi [ματαιόλογοι, vain-babblers], who — although ignorant of all Mathematics — yet take judgment upon themselves concerning them, on account of some passage of scripture, badly twisted to their purpose, [and] dare to reprehend and assail this my undertaking: them I heed not at all, so that I even despise their judgment as rash."



And lest this arrogant saying should seem harsher than is just, he strives to soften [it] by an example, saying:


"For it is not unknown that Lactantius — otherwise a celebrated writer, but little of a Mathematician — speaks quite childishly about the form of the earth, when he derides those who handed down that the earth has the form of a globe. And so it ought not to seem wonderful, if any such [persons] will also laugh at us. Mathematics are written for Mathematicians."



[III.] This [banner] being as it were raised, and the cap of liberty once thrown [into the air], nothing prevented but that wits similar to this one flew together to the same [side]. Wherefore Kepler, at the very beginning of chapter 1 of his Mysterium Cosmographicum, with a truly laudable exordium, thus professes:


"Although it is pious, immediately from the beginning of this disputation concerning Nature, to see whether anything contrary to the sacred letters be said, yet I judge [it] untimely to stir up that controversy here, beforehand and anxiously. This in general I promise: that I shall say nothing which is injurious to the Sacred Letters; and if [anything] of Copernicus's be convicted [of that] along with me, I shall hold it for nothing. And that has always been my mind, from [the time] when I began to know Copernicus's books of the Revolutions."

[Margin: Kepler requires skill in Astronomy in Religious men who are to judge of this matter.]



But in the notes to this chapter, expounding that little word "Untimely," he has thus: "Copernicus meets this scruple, in the preface to Paul III, Supreme Pontiff, but a little too rigidly" — of which speech he at last paid the penalty, more than 70 years after the publication of the book, and his death having elapsed: "FOR IT HAS BEEN SUSPENDED," says the decree, "UNTIL IT BE CORRECTED" (but I think this too is to be understood: "UNTIL IT BE EXPLAINED"). "For how it is not contrary to Scripture — namely, in a [matter] very far different in its purpose — I have tried to show by reasons and examples, in the Introduction to the Commentaries on the motion of Mars. The words of Copernicus himself too I have explained more lucidly at the end of book 1 of the Epitome of Astronomy: in which places I hope satisfaction will be given to the religious; provided that they bring both [enough] talent and such knowledge of Astronomy to this judgment, that the glory of the divine visible works may be safely believed under their patronage."

But how much he grieved over the censures passed against Copernicus, he signifies not long after, saying even of the most religious [men]:


"Let him deliberate with himself whether the causes sought of a reconciliation between the tongue and the finger of God were just enough, pregnant [weighty] enough; or whether it be expedient — that reconciliation being repudiated — to oppress this fame of the immense beauty of the divine works by censures."



Afterward he concludes that censures are in vain, and that their invalidity, once discovered, brings it about that they have no force even in the matter in which they ought to have force; for that is what that allegorical clause of Kepler's signifies: "But the edge [Acies]…"


[…continues on p. 488 (PDF 523) with the catchword "verò" (Acies verò) — the rest of Kepler's allegorical clause, and Riccioli's reply.]





(printed p. 488 — Chapter XXXVIII, Question 1 continues: the rest of Kepler's polemic against the censures (his ranking of philosophical reason above authority, the charge of "superstition," the false Virgil of Salzburg history) is rehearsed and retorted. Riccioli then begins his negative answer: the question is formally one of Faith, so the Inquisitors needed only to know — themselves or through experts — that the hypothesis is undemonstrated and against the plain literal sense and the Fathers' unanimous consent.)
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…"But the edge of an axe, dashed against iron, afterward avails no more even against wood." Let him whom it concerns take this [to heart]. But in the Introduction to the Commentary on Mars, in a freer style, he sets forth this counsel to the simple:


"But he who is too dull to be able to grasp Astronomical science, or too weak to believe Copernicus with unoffended piety: him I advise that — the Astronomical school being dismissed, and even (if it please) the opinions of the Philosophers, whatever they be, being condemned — he mind his own affairs, and, desisting from this mundane peregrination, betake himself home to cultivate his little field; and, with those eyes by which alone he sees lifted up to this visible heaven, let him pour himself out with [his] whole breast into thanksgiving and the praises of God the Creator — certain that he renders no lesser worship to God than the Astronomer, to whom God has given this, that he see more keenly with the eye of the mind, etc."

[Margin: Kepler stabs at the Office of the Sacred Inquisition.]



Nor content with these [things], with how great obstinacy he prefers his own judgment to the judgment of the Fathers and the Church, he manifests a little after, when he subjoins:


"But to the opinions of the Saints concerning these natural [matters] I respond in one word — that in Theology indeed the weights of authorities, but in Philosophy the weights of reasons, are to be pondered. St. Lactantius therefore, who denied the Earth to be round; St. Augustine, who, roundness being conceded, nevertheless denied the Antipodes; the holy Office of the men of today, who, the smallness of the Earth being conceded, nevertheless deny its motion. But to me holy truth [is] more [weighty] — [I] who demonstrate from Philosophy, saving the respect [due] to the learned, that the Earth is both round, and inhabited all around by Antipodes, and of the most contemptible smallness, and finally is borne through the stars."



As though, forsooth, Lactantius were held in the Catholic Church [to be] a saint or a Doctor of infallible authority — [Lactantius] whom all Catholics confess to have erred in many things; or as though the smallness of the Earth necessarily drew with it its motion, since he [Kepler], with Copernicus, moves not the Earth alone through the annual orb, but the elementary sphere together with the Lunar heaven — which machine is much greater than the Sun. And how is the respect of the Doctors of the Church saved, if, in the question how the divine letters are to be understood, you obstinately set your [own] judgment before theirs? Or with what face do you dare to say that the motion of the Earth has been demonstrated by you? — since you have adduced none but probable arguments, or [arguments] necessary indeed, but [only] from the hypothesis of the Earth's motion, showing that, if it were moved, the celestial phenomena could be conveniently saved.

Nor content with these [things], Kepler (at the end of book 1 of the Epitome of Astronomy, p. 140) does not hesitate to sprinkle with the mark of Superstition those who do not subscribe to Copernicus; for he says:


"In the present time, all the most excellent of the Philosophers and Astronomers agree with Copernicus: this sect is [like breaking through] ice; we conquer by the votes of the better [men]; against the rest almost superstition alone stands in the way, or fear of the Cleantheses."



By "Cleantheses" he calls either the accusers, or the judges, of the Sacred Inquisition — for on the same page he had said that Aristarchus of Samos was accused of sacrilege by Cleanthes before the Areopagites, because, asserting the Earth to be moved, he had "moved the sacred things of Vesta." The same [Kepler], in the Hyperaspistes (p. 195), calls it a depraved servitude to serve Ecclesiastical decrees — if, understand, they have been wrongly made; and he seems tacitly to censure the sacred censors, [as] punishing themselves while they punish others, or not daring to defend the marks of the sacred censures. For what else does that gibe mean? "But let Perillus teach his own ox to bellow. And unless all conjecture deceives me, he dreads the brow of the Silenus, which inept Aegle herself painted with vermilion." Finally, in the preface to book 4 of the same Epitome, from his apologetic epistle he recites this fragment:


"How gravely were all the Astronomers rebuked by the first Christians? Did not Eusebius write of one, that he preferred to desert Christianity (I think because excommunicated) rather than [his] profession? Did not Tertullian and Augustine seem to know too much, who taught that there are Antipodes? And indeed Virgil, Bishop of Salzburg, was cast down from [his] office, because he had dared to assert this."



Where, however, he either lies or is deceived in [his] history; for neither was Virgil cast down from [his] office, nor accused for the bare assertion of the Antipodes, as we shall see below.


[Margin: The danger of erring in censures, through unskilledness of Astronomy.]



Lastly, to strengthen the opinion of these [men], there could be adduced the danger of passing — through unskilledness — censures against some truth demonstrable by natural reason; as the Athenian judges once, through unskilledness of the matters from which the Eclipses of the Moon happen, did not tolerate Anaxagoras, nor those who taught that the Moon is deprived of light by the shadow of the earth, as we have narrated from Plutarch [in the Life] of Nicias (book 5 of the Astronomy, ch. 1, no. 1). Accordingly, how solicitous St. Augustine was, lest his brethren through unskilledness should seek from the divine letters a patronage for errors manifest in Philosophy, is now clear from the things said in ch. 36, no. 2 — whose words it is strange that they have been ignored by the Copernicans, since at first appearance they marvelously favor them.


[Margin: The Negative Response, and the reasons for it. — 1. Reason, for the Sacred Inquisitors.]



[IV.] But these [things] notwithstanding, to the Question proposed at the beginning of number 3, I respond negatively. First: when some Physical or Mathematical question has devolved into a question concerning the Catholic Faith, directly or indirectly — of which kind is this, in which it is treated whether the motion of the Earth and the stability of the Sun be against Sacred Scripture — [then] in order that those who preside over the Holy Office of the Inquisition may pass a sufficient judgment (that is, not only licit and prudent, but also valid and obligatory), it suffices that they indeed, either by themselves or through other learned men, have come to know that some proposition, on the one part, is not evidently true by Physical or Mathematical evidence, and on the other part is against the plain and literal sense of Sacred Scripture in that part in which it is Sacred Scripture, or against some proposition of a Canonical Writer. For this very thing of itself is enough, that they can reasonably pass a censure against the aforesaid proposition — on account of that universal necessity by which all we Catholics are bound, that, so long as no evident and manifest inconvenience follows from Sacred Scripture understood to the letter, we understand it to the letter, and do not follow another sense repugnant to the literal. How much more, therefore, does it suffice, if some proposition is not only not evidently true, but is against Physical evidence, and commonly hissed off in the Academies — and by some Professors of Astronomy even — as absurd; while on the other part it is established that the Holy Fathers and Interpreters of the divine letters, and the Doctors of the Church, taught the contrary from Sacred Scripture? But thus the matter stood, and stands, in our case. For the Sacred Congregation deputed by the Supreme Pontiff Paul V, and afterward by Urban VIII — most learned in Astronomical matters — besides many Cardinals, very expert by themselves in Philosophy, Theology, or Canon Law, and not lightly imbued with knowledge of the sacred letters, embraced also many others assigned to this Inquisition; and a most diligent inquisition had already been made beforehand through the Qualifiers. And it was now certain that the Copernican hypothesis was, not only demonstrated by no one (since the Copernicans themselves confess that all the celestial appearances can, saving the rigor of Astronomical truth, be explained by either hypothesis — namely of the Earth either moved or resting), but also that it is against the evidence of common sense, and against that plain, obvious, and literal sense of Sacred Scripture which the unanimous consent of the Fathers and of the Sacred Interpreters had followed for a thousand and six hundred years. Nothing therefore could hinder them from being able to pass a censure against Copernicus's hypothesis. Nor indeed was it required that the aforesaid persons be Professors and Masters of Astronomy; since it was already widely known in the Schools that the Copernicans' hypothesis was not demonstrated to be in reality so, but only to be possible, and that by it the celestial Phenomena are explained elegantly enough and readily — on account of which elegance and usefulness, in compiling and employing Astronomical tables, that hypothesis was permitted, under [the status of] a mere hypothesis, that is, provided one does not assert it to be in reality so.


[Margin: 2. Reason.]



[V.] Secondly: just as Kepler, for judging of Astronomical matters, requires no common skill in Astronomy, and appeals to the forum of Urania, so in matters of Faith and Religion Catholics ought to require no common skill in the Divine letters, and to appeal to the Ecclesiastical forum. And indeed this controversy, although materially (as is said in the Schools) it be Astronomical and Physical, yet formally is a controversy concerning a matter pertaining to Faith and Religion, as I shall teach below; and even from this it is clear, that it is not now controverted whether Copernicus's hypothesis be possible, or apt for saving the celestial phenomena, but whether it be against Sacred Scripture, according to the received unanimous interpretation of the Fathers. But this skill is had much more richly and clearly from the sacred codices themselves and the Holy Fathers, and from the Theological rules and [those] of the sacred Canons, than from Mathematicians and Astronomers as such.


[Margin: 3. Reason.]



Thirdly, even if the Sacred Inquisitors, or…


[…continues on p. 489 (PDF 524) with the catchword "aut" — the third reason for the Negative response.]





(printed p. 489 — Chapter XXXVIII, Question 1 continues Riccioli's reasons: a censure by lawful authority in a doubtful matter must be obeyed at least in the external forum; many most expert astronomers (Tycho, Clavius, Mulerius, and the prudently submissive Gassendi) themselves judged Copernicanism against Scripture; Lactantius's denial of the Antipodes is no parallel, since there was no unanimous patristic consent on the Earth's shape as there is on its stability; and Kepler's Virgil of Salzburg history is refuted — Virgil was never deposed.)
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…or any Judge having authority in a cause of Faith from the Supreme Pontiff, in a doubtful matter — and one not hitherto demonstrated to either part, or demonstrated indeed but not held for such — should yet, on account of the suspicion of novelty and of some danger in matters of Faith, pronounce some censure against any proposition: it would have to be presumed in their favor, and that censure would have to be observed, at least in the external forum — provided it could be observed without grave inconvenience, and without fear falling upon a steadfast man; yet it would be lawful to procure that the aforesaid Judges, recognizing the demonstration of the truth by themselves or through others, should remove the censure. Which doctrine I here suppose as most certain — partly from the common doctrine concerning laws and Presumptions, partly from the peculiar doctrine of Canon Law concerning Ecclesiastical censures.


[Margin: 4. Reason.]



[VI.] Fourthly: not only the Sacred Inquisitors — whom Kepler seems to mark with unskilledness in Astronomical matters — but many [men] most expert in Astronomy have judged the Copernican hypothesis both absurd in itself and against the authority of the Divine letters.


[Margin: Tycho's judgment on the vain opinion of Copernicus, and on the sense of Sacred Scripture in this matter.]



For Tycho, in the Epistle to Rothmann of the year 1589, February 21, thus admonishes him:


"There is no reason for you to persuade yourself that the Physical absurdities which accompany the Copernican hypothesis have been sufficiently refuted by him. Much less will the [things] which are pretended by you for excusing those [passages] against which Sacred Scripture asserts the contrary, be able to merit a jest. For the authority and reverence of the divine letters is, and ought to be, greater than that it should be fitting thus to drag them about, after the manner of a buskin."

[Margin: And Clavius's. And Nicolaus Mulerus's.]



Our [Father] Clavius too — assuredly no common Astronomer — in chapter 1 of [his] Sphere, where by reasons he taught the Earth to be immovable (p. 196), added: "The sacred letters also favor this opinion, which in very many places affirm the earth to be immovable, and testify that the Sun and the other stars are moved; for we read in Psalm 103, etc." With equal reverence Nicolaus Mulerius [Mulerus] conducted himself, in the Introduction to the Frisian Tables, p. 318, where, when he had recounted the opinion of the Pythagoreans concerning the Sun's place in the center of the world and the Earth's motion, he subjoined:


"But since this question is not of this place, we do not wish to discuss it here, testifying only this — that so great is the authority of Sacred Scripture with us, and our mind is so moved by reverence of it, that we dare not descend, against its open sentence, into the opinion of the Pythagoreans."

[Margin: Pierre Gassendi's prudence and piety.]



But we have also a notable example of prudence and moderation in Pierre Gassendi, who — after he had (in the second Epistle On motion impressed by a transferred mover) explained many arguments for the motion of the Earth, and had resolved not a few arguments usually made against it — first contained himself within the limits of a mere hypothesis, then, in the doubtful [matter], subscribed to the decrees of the sacred Congregation; for thus he concludes that Epistle, written in the year 1640, on the Ides of December [Dec. 13], to Pierre Dupuy [Puteanus]:


"You do not demand that I repeat that I did this, not that I might assert motion to the Earth, but that, out of love of truth, I might hint that its rest is to be established by a firmer reason."



And a little after:


"I am accordingly of [the mind] that I revere that decree by which some Cardinals are said to have approved the rest of the Earth. For although the Copernicans might maintain that the passages of sacred Scripture which attribute to the Earth its state or rest, and to the Sun motion, are to be explained of its [the Sun's] apparent [motion], as they say, etc. — nevertheless, because those passages are explained otherwise by men whose authority in the Church is, as is agreed, so great, on that account I myself stand with them, and on this occasion I do not blush to make my intellect captive. Not that I therefore think it [to be] an article of faith; for neither (so far as I know) has it been asserted by them, or promulgated and received throughout the universal Church: but because their judgment is to be held [as] a presumption which cannot be of small moment among the Faithful."

[Margin: The Author's concurrence.]



Nor indeed will our testimony, whatever it be, be able to be repudiated on the ground that we have by no means weighed or understood the arguments of the Copernicans — if the things we have taught in this whole Section be read through; wherefore let no one reckon us among those whom Copernicus and Kepler despise as unfit to judge concerning these matters.


[Margin: 5. Reason. Why Lactantius denied the Antipodes.]



[VII.] Fifthly, as regards the Antipodes denied by Lactantius — neither is he to be numbered among the Holy Fathers, nor did he deny the Antipodes for any other cause than because he thought the heaven to be hemispherical, and the Earth not to be round but itself also hemispherical, as is clear to one reading him (book 3 of the Divine Institutions, ch. 24).


[Margin: Fathers to whom heaven was hemispherical.]



Nor is it to be denied that some other Fathers thought the heaven [to be] like a vault, and hemispherical — among whom Ascanius Martinengus, in the Great Gloss on Genesis ch. 1, numbers St. Chrysostom (On the incomprehensible nature of God, ch. 2), Procopius, Acacius, and Severianus (on book 1 of Genesis), Theophylact (on the Epistle to the Hebrews), Theodoret (On matter and the world), and Euthymius (on Psalm 103). But this in no way stands against us, because far more are the Fathers who acknowledged the roundness of heaven and Earth; and therefore there was not a unanimous consent of the Fathers concerning this figure — but concerning the stability of the Earth there was a unanimous [one].


[Margin: Why St. Augustine denied the Antipodes.]



As regards St. Augustine — he indeed (book 16 of the City of God, ch. 9) denied the Antipodes, although the roundness of the Earth being conceded; because in the preceding chapters he had taught that all men who inhabit the Earth were propagated from Adam, but the lower hemisphere of the Earth, which is set opposite to the Holy Land, he thought either covered with waters, or [that] men could not migrate to those lands through so great a vastness of seas as he thought lay between, since no history was extant of such a migration; and in this he followed not so much Lactantius (as Ludovicus Vives says there) as Cicero (book 6 of the Republic), who reckoned an immense Ocean to be poured between us and those antipodal lands — lest he should admit that there were any men not propagated from Adam, and accordingly neither Redeemed by Christ, nor pertaining to the City of God. I do not transcribe all the words of the holy Doctor, because they are readily found. Moreover, neither does it help the adversaries, because this was not the unanimous opinion of the Fathers, nor deduced from any positive passage of scripture taken to the letter; for what moved St. Augustine was only a negative authority — because Scripture, when it describes the propagation of the sons of Noah over the earth by families and heads, makes no mention of an Antipodal Land to which they migrated; for he says:


"Wherefore among those peoples of men then — who are gathered to have been divided by seventy nations and as many languages — let us seek, if we can find [it], that City of God wandering [as a pilgrim] on the earth, etc."



There was therefore, as Vives says, no light cause for St. Augustine to deny the Antipodes.


[Margin: Whether and why Bishop Virgil was deposed for the assertion of the Antipodes.]



[VIII.] Finally, as regards Virgil, Bishop of Salzburg — he was, as Baronius narrates (vol. 9, on the Year of Christ 744), from Ireland, a man very religious, who, by zeal for propagating the Faith, came together with Sidonius into Bavaria, and was known to Boniface, who as bishop presided over that Church. But when a certain minister of his [Boniface's], with corrupted Latinity, had baptized someone with this formula — "I baptize thee in the name of the Fatherland and of the Daughter, and of the Holy Spirit" — and Boniface, the Bishop of Mainz, judged that he ought to be [re]baptized, Virgil and Sidonius, for modesty's sake, thought that he [Boniface] ought not to be reprehended before others, but that recourse should be had to the Roman Pontiff Zacharias by letters; who wrote back to Boniface that that man was not to be rebaptized, and Boniface acquiesced in the sentence of the Supreme Pontiff, as Baronius reports in the same place. But [under] the year 748 he narrates a threefold calumny brought against Virgil before Boniface: namely, that he was sowing hatreds between him [Boniface] and Odilo, duke of Bavaria; and that he boasted that he had obtained the vacant Bishopric from the Apostolic see; and finally, that he asserted "that a New world is found, which is illumined by another Sun and another Moon."


[Margin: Pope Zacharias's rescript to Boniface concerning Virgil.]



But that these were calumnies, Baronius teaches: because, when Boniface had written to the Pontiff about these [matters], and the Pontiff had given him the faculty that — a provincial Council being convened — he should (if [Virgil] were proved guilty) expel Virgil from the Church and deprive [him] of [his] priesthood, [Virgil] was not only not deprived, but, even augmented with a Bishopric, persevered in the Apostolic function together with Boniface, and propagated the Gospel far and wide among the neighboring nations, and was afterward by Gregory IX, with solemn rite, enrolled among the Saints. But lest anyone think that Pope Zacharias erred in a question of law — nay, that it may be established that he did not err even in a question of fact, since he ordered Virgil to be punished not absolutely, but only on a supposition — behold a part of the Epistle of Zacharias to Boniface, which Baronius cites entire under the Year 748:


"It has also been intimated by your Holiness that that Virgil (we know not if he is to be called a presbyter), bearing malice against thee — because he was being accused by thee of being erroneous from Catholic doctrine — was sowing hatred between thee and Odilo, Duke of the Bavarians, saying that he had received from us a license, that of one…"

[…continues on p. 490 (PDF 525) with the catchword "vnius" — the rest of Zacharias's letter on the Virgil affair.]





(printed p. 490 — Chapter XXXVIII closes the Virgil of Salzburg affair (the charges were calumny; doubting the Antipodes is not heresy, positing several worlds is). Question 2 then asks whether Scripture teaches physical or astronomical matters: Riccioli answers with a distinction — its primary end is salvation, but it does teach natural things in passing, and it can neither deceive nor say the false. Question 3 begins: the Sun-motion and Earth-rest assertions pertain to Faith indirectly and per accidens, since were they untrue all Scripture could be doubted.)
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…[saying that he had received from us a license, that] he should obtain the diocese of one of those four Bishops who are now deceased, whom thy fraternity ordained there. Which is by no means true, because iniquity has lied to itself. But concerning the perverse doctrine which he has spoken against the Lord and his own soul — namely, that there is another World, and other men under the earth, and another Sun and Moon — if he be convicted of confessing thus, then, a Council being summoned, expel him from the Church, deprived of the honor of the priesthood, etc.

But [Virgil] was neither expelled from the Church by Boniface, and so far is he from having been deprived of the priesthood, that rather he was made Bishop of Salzburg; therefore he had been accused of the aforesaid crimes through calumny — for, because he was acceptable to God, it was necessary that temptation should prove him. Unskillfully, therefore, did Kepler above, and Jacob Lansberg (in the Apology, treatise 3), affirm [that he was] cast down from the Bishopric; and much more imprudently do they say this was done on account of the Antipodes asserted [by him]; for, as Baronius adds in the margin to the Epistle of Zacharias: "To have doubted about the Antipodes is not a heresy; but to have posited several worlds is repugnant to divine Scripture, and accordingly is convicted of being a heresy." See also, concerning this history, Marcus Velserus (book 5 of the Bavarian Affairs), Aventinus (in the Boian Annals), and Mazzoni (in the Defense of Dante, book 3, ch. 33).

Question 2. Whether Scripture Teaches Physical or Astronomical matters.


[Margin: What the Sacred Scriptures teach.]



[IX.] Neither of Sacred Scripture, say the Copernicans, nor of the Holy Spirit, is it the purpose to instruct men in Physical or Mathematical matters, but in those which pertain to morals and to eternal salvation; to which that [saying] of the Apostle (Romans 15) seems to favor: "For whatever things were written, were written for our instruction, that through patience and the consolation of the Scriptures we might have hope." And 2 Timothy [3]: "All scripture divinely inspired is useful for teaching, for reproving, for instructing in history [so Riccioli's text; the Vulgate reads "in justice"], that the man of God may be perfect, furnished unto every good work." Finally, the pronouncement of CHRIST the Lord Himself is about the love of God and neighbor: "On these two commandments hang the whole law and the Prophets"; and that [saying] of Isaiah 48: "I am the Lord God teaching thee useful things," where the gloss adds, "not subtle things." Accordingly St. Augustine (book 2 of On Genesis to the Letter, ch. 8) said:


"It is also wont to be asked, of what form and figure the heaven is to be believed [to be] according to our Scriptures. For many dispute much about those things which our forefathers with greater prudence omitted — [things] not going to profit the learners toward the blessed life, and occupying (what is worse) much of [their] precious [time], and the spaces of time [which ought] to be spent on salutary things: for what does it pertain to me, whether the heaven, like a sphere, encloses the earth on every side, poised in the middle mass of the world, or covers it from above on one side like a disk? But because it is a question of the faith of the Scriptures, etc."



Nor much after:


"Briefly it is to be said, that our authors knew, concerning the figure of the heaven, that which the truth holds; but that the Spirit of God, who spoke through them, did not wish to teach men these things, [as being] going to profit no one's salvation."

[Margin: Response to Question 2.]



[X.] To the question proposed, however, the response must be made with a distinction; and it must be conceded that the end of Sacred Scripture, of itself and primarily, is not to instruct men in matters pertaining to mere Physics or Mathematics, or to natural or civil history and the other natural arts and faculties — [that is what it] aims at there.


[Margin: To what end Sacred Scripture teaches natural things.]



Yet it must be denied that it does not, again and again, teach some things in passing pertaining to these natural sciences and faculties — so as to use them as means, either for establishing some doctrine about motions, or about things conducing to eternal salvation, or for showing the divine Omnipotence, Wisdom, Providence, etc. "For the invisible things of Him, from the creation of the World, are clearly seen, being understood by those things which are made — His eternal power also and divinity," as the Apostle declares (Romans 1). Wherefore, if from the Sacred Scriptures it is established who, and in what order, founded the heaven and the Earth with the rest of the elements and the mixed [bodies], and how great a wisdom and power shines forth in the founding, conservation, and administration of these things, in [their] motions and other effects, and how much all creatures depend on His nod — the exposition of these [matters] is referred to that end at which all Scripture Divinely inspired aims, as the Apostle prudently added: "For instructing in history," that the man of God may be perfect, furnished unto every good work. By which words it embraces not only civil history mixed with ecclesiastical [history], such as is had in the books of Judges, Kings, Paralipomenon, Tobit, Esther, etc., but also natural history, which is delivered in the beginning of sacred Genesis, and in some chapters of Job and Ecclesiasticus, and also in some Psalms — for that end which I have said.

And so, to our purpose: when the velocity of the Sun and [its] most constant course, or the stability of the Earth hanging in the middle of the air, is asserted in the Scriptures, the Fathers and every pious Reader of the divine codices rise up from this no less to the admiration and praise of God, than when from the same Sacred letters he learns that the Earth was uncovered from the waters, and in some places made higher than they, prepared with so many plants and animals for the service of men; and that the excursions of the boiling and raging sea are restrained within certain spaces of the shores; and that the rivers not only so enter the sea that it does not overflow, but return to the place whence they go out, that they may flow again; and that the winds and snows are brought forth from the treasuries of God; and that the waters are bound in the clouds — and many other things like these, which pertain to natural history and Physical science: but these, if they are subtle, are not so subtle but that they are also useful.


[Margin: Sacred Scripture does not teach the false.]



Secondly, even if Sacred Scripture did not order the knowledge of such things to this end which I have said, far be it nevertheless that it should be conceded that it is deceived or deceives in propositions of this kind, or says the false; but it would say the false if, the Sun standing still and the Earth going around, it nevertheless said absolutely, as it [does] say, that the Sun is moved, and the Earth is stable, and is in no wise inclined. Wherefore aptly Tycho, in the epistle already named above (p. 147), added:


[Margin: Tycho's opinion on the truth of Sacred Scripture in physical matters.]

"For although they [the divine letters], in Physical matters and certain others, accommodate themselves for the most part to the grasp of the common people, far be it nevertheless that on that account we should determine that they so speak in a vulgar manner — nay, we believe that they propose [things] true even in Physical matters. Thus Moses, although in the first chapter of Genesis, treating of the creation of the World, does not relate the inmost things of Astronomy — inasmuch as he writes for a rude people — yet he brings forward nothing which could not also be conceded by the Astronomers themselves."



Moreover, how great a knowledge of natural matters Sacred Scripture has handed down to us, and from how many errors and false opinions of the Philosophers it has freed [us], is clear from Saints Basil and Ambrose (in the books of the Hexaemeron), Junilius, Bede, Molina, Suarez, and others who wrote on the work of the six days; [from] Philo (On the Creation of the World); and also from the books of Francisco Valles On Sacred Philosophy.

Question 3. Whether the Assertions concerning the Sun's Motion and the Stability of the Earth, which are had in the Sacred Scriptures, pertain to questions of Faith and Religion.


[Margin: Which [things are] of Faith per se and directly, which per accidens and indirectly. — Response to the 3rd Question.]



[XI.] For the Copernicans deny [it] indeed; but they ought, with St. Thomas (Prima Secundæ, q. 1, art. 6) and the rest of the Theologians, to use a distinction. For some [things] are of Faith per se and directly, and of this kind are those which are commonly called Articles of Faith — of which kind is, that God is one in nature and Threefold in Persons; that CHRIST is God and man; the future Resurrection of the dead, etc. But some [are of Faith] indirectly and per accidens, inasmuch as they are ordered as means, or dispositions, to those things which are per se of Faith — an example of which St. Thomas gives in Abraham, of whom we are bound to believe that he had two sons, one of the handmaid, the other of the free woman. In this second way, therefore, the propositions of Sacred Scripture concerning the state [rest] of the Earth and the motion of the Sun pertain to Faith. Moreover, those assertions pertain to a question of Faith, not only inasmuch as they are ordered to the knowledge and praise of God, but also because, unless they were true, the truth of the whole of Sacred Scripture could be called into doubt and suspicion of falsity, and thus not even the remaining propositions — [those] per se pertaining to Faith and Morals necessary for eternal salvation — could be solidly proved and confirmed by the testimony of the divine letters. Hence it is that St. Augustine, in that very book 2 of On Genesis to the Letter, ch. 8 — in which he had raised the question "Of what form and figure the heaven is to be believed [to be] according to our Scriptures," and had said that the knowledge of this matter does not per se pertain to salvation and the blessed life — nevertheless subjoined: "But because it is a question of the Faith of the Scriptures, on account of that…"


[…continues on p. 491 (PDF 526) with the catchword "lam" (il-lam) — the rest of Augustine's sentence, and the close of Question 3.]





(printed p. 491 — Chapter XXXVIII finishes Question 3: defending Scripture's authority pertains to Faith (it is even of faith that Tobit's dog wagged its tail), and the Tridentine decree binds interpretation to the Church and the Fathers' unanimous consent; Augustine's and Aquinas's seeming concessions do not help the Copernicans. Chapter XXXIX then opens Question 4 — the chief controversy — whether the Sun-motion and Earth-rest texts are literal or merely popular/apparent; Riccioli's principle: the proper literal sense must be followed whenever it does not manifestly repugn a more certain truth.)
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…[but because it is a question of the Faith of the Scriptures,] on account of that cause which I have more than once mentioned: "lest anyone, not understanding the divine eloquences, when he has either found in our books, or heard from them, some such thing about these matters which seems to be adverse to the reasons perceived by himself, should in no way believe them when they advise, or narrate, or pronounce the other useful things — briefly it is to be said about the figure of the heaven, etc." It pertains, therefore, to a question of Faith, that we know by what reasoning that is true which Sacred Scripture says about these matters — whether in the plain and obvious or literal sense, or in some figurative [sense] — and that we may defend its truth and authority, which is so great that it is even of faith that the dog of Tobit ran ahead as a messenger, by the wagging of [its] tail, for joy at the younger Tobit returning, because Sacred Scripture narrates this (Tobit 11) — even though the motion of that [dog's] tail pertains much less to Faith than the motion of the Sun and the standing-still of the Earth.


[Margin: The Tridentine Decree on the true interpretation of Sacred Scripture.]



[XII.] From the things said it is now clear how the Decree of the sacred Council of Trent (session 4, on the edition and use of the sacred books) is to be understood, in which it is said:


"Moreover, to curb petulant wits, it decrees that no one, relying on his own prudence, in matters of faith and morals pertaining to the edification of Christian doctrine, twisting Sacred Scripture to his own senses, should dare to interpret the Sacred Scripture itself against that sense which Holy Mother Church has held and holds — whose [office] it is to judge of the true sense and interpretation of the holy Scriptures — or even against the unanimous consent of the Fathers; even if such interpretations were never at any time to be brought into the light."



For it must be judged that the Sacred Council comprehended under these [words] all the things which are referred to Faith, both per se and directly, and those which [are referred to it] per accidens and indirectly — according to the doctrine of St. Augustine and St. Thomas handed down above; especially since a similar decree was confirmed, in a more universal formula and without restriction, by Pius IV in the Bull (which is had at the end of the Council of Trent), where is had the formula of the profession of Faith, by which we are bound not to interpret Sacred Scripture except according to the unanimous consent of the Fathers — as I have already said in ch. 36, no. 1.

And in the same way St. Augustine is to be understood, when (book 2 of On Genesis to the Letter, ch. 10) he denies that Churchmen ought to be occupied in these questions; for he speaks of those to whom other ministries more necessary for the salvation of souls have been enjoined — not of the Doctors of the Church in that case in which the authority of the divine letters is to be defended even as to one iota or one tittle; nor of those who, for unfolding these questions, have been assigned by their Prelates for the common utility of the Church, that they may help others by the abridgment of their labors. Moreover the words of the holy Doctor are:


"Concerning the motion of the heaven also, some brethren raise a question — whether it stands still, or is moved: because if it is moved, they say, how is it a Firmament? but if it stands still, how do the stars, which are believed to be fixed in it, go round from East to West, the [stars near the] North accomplishing shorter gyres near the poles?, etc. To which I respond, that these things are sought out by very subtle and laborious reasonings, that it may be truly perceived whether it is so or not so: for entering upon and treating which there is now neither time for me, nor ought there to be for those whom we desire to be informed for their own salvation and the necessary utility of holy Church."



But to defend the truth of Sacred Scripture, he subjoins that the name "Firmament" does not necessarily signify immobility, since it can signify firmness and the intransgressible boundary of the upper and lower waters; and he adds:


"Nor, if truth should persuade [us] that the heaven stands still, are we hindered by the circuit of the stars, so that we cannot understand this: for even by those very [men] who have inquired into this most curiously and most idly, it has been found that, even with the heaven not moved, if the stars alone were turned, all the things could have happened which have been observed and comprehended in those very revolutions of the stars."



But what St. Thomas says (opuscule 10) —


"That those things which the Philosophers have commonly held, and do not repugn our faith, seem safer neither so to be asserted as dogmas of faith, nor so to be denied as contrary, lest an occasion of despising the doctrine of faith be afforded to the wise of this world" —



does not make for the Copernicans, who do not even teach the things which the Philosophers commonly held, but [things] which are so against the common Philosophy that they seem even to repugn the faith, by this very [fact] that they repugn the divine letters. Wherefore I wonder that Jacob Lansberg, in his Apology (treatise 3), used — or rather abused — this authority of St. Thomas for Copernicus.




Chapter XXXIX, Question 4. Whether the Assertions of Sacred Scripture concerning the Sun's Motion and the Stability of the Earth are to be taken according to the literal sense, or Figuratively, or [according] to the sense of the common people — that is, as to appearance. Where the Ecclesiastical Rules concerning the use of the literal sense are handed down.

[I.] This is the chief controversy between us and the Copernicans: for they contend that the Sacred letters, in these Physical and Mathematical matters, accommodate themselves to the common sense of the crowd — to which, since the Sun seems to be moved, but the Earth to stand still (because the Sun seems much smaller than the Earth), Sacred Scripture had to attemper itself, leaving meanwhile to the more learned men [the task] that, from the harmony and beauty of the divine works (estimated by reason rather than by sense), they should reconcile the tongue of God with the finger of God — that is, the sacred locutions with the effects worthy of God's Omnipotence. For thus Kepler, in the notes to chapter 1 of the Mysterium Cosmographicum:


"There is indeed some tongue of God; but there is also some finger of God. And who would deny that the tongue of God is attempered both to His purpose, and on that account to the popular tongue of men? In matters therefore most evident, to twist the tongue of God, so that it should refute the finger of God in nature — that, every most religious [man] will most of all beware of. Let him to whom the praises of the Creator and our Lord are a care — let him, I say, read my fifth book of the Harmonics, and, having perceived the most exquisitely harmonic arrangement of the motions, let him deliberate with himself whether the causes sought of a reconciliation between the tongue and the finger of God were just enough, pregnant enough; or whether it be expedient — that reconciliation being repudiated — to oppress this fame of the immense beauty of the divine works by censures."



The same [Kepler] also, in the Epitome of Copernican Astronomy at the end of book 1, when he had noted that the Astronomers too speak according to the sense of the eyes — when they say the Planets stand still, the Sun retrogrades, [the planets] celebrate [their] Solstices, etc. — subjoins:


"How much less will it have to be demanded of the Scriptures divinely inspired, that — the vulgar custom of speaking being repudiated — they should weigh their words to the rule of natural science, and, by abstruse and inopportune locutions concerning matters beyond the grasp of those to be instructed, disturb the simple people of God, and by that very thing fence off for them the way to their own genuine end, [which is] far more sublime."



And thus, here and there, do the other supporters of the Copernican sect [respond], when something from the most sacred Codices is objected to them.


[Margin: Response to the 4th Question. — Sacred Scripture is to be taken in the proper literal sense, when it is not manifestly false.]



[II.] But I say that, in these and all other propositions and locutions of Sacred Scripture, the proper literal sense is to be followed, and their plain and obvious signification — as often as it does not manifestly repugn some truth [known] from a more certain revelation, or divine tradition, or a definition of the Supreme Pontiff, or [a truth] noted from the natural light [of reason]: for if it should thus repugn, [the words] are to be taken figuratively, and interpreted in another sense. But when I say the sense of the letter is to be followed, I do not exclude the other senses — Mystical or allegorical, tropological, and anagogical; but one may so use them, that nevertheless the literal sense be not denied, but either expressly premised as a foundation, or implicitly and tacitly supposed. Which proposition, when I shall have proved [it], it will then remain to be shown that, if the assertions of Sacred Scripture concerning the motion of the Sun and the immobility of the Earth be taken as uttered only as to appearance and the sense of the crowd, but not as to truth, they are not only not taken to the letter, but [taken] in a sense plainly false — and that without any necessity, since their literal sense repugns no truth evidently or certainly noted from elsewhere.


[Margin: How manifold is the sense of Scripture?]



But I here suppose the most celebrated division of the sense of Sacred Scripture into the literal or Historical — of which the one is called simple or proper, the other figurative — and into…


[…continues on p. 492 (PDF 527) with the catchword "in" — the spiritual senses, and the Rules on the use of the literal sense.]





(printed p. 492 — Chapter XXXIX, Question 4, proves that the proper literal sense must be followed: from Aquinas, Salmeron, and Bellarmine, then from the ancient Fathers (Basil, Tertullian, Augustine, Gregory the Great) — including Augustine's literal acceptance of the waters above the heavens and his resistance to Jerome over Galatians 2, since admitting one "officious lie" into Scripture leaves no part of it safe; therefore the Sun is really moved, not merely apparently, because Scripture says so.)
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…into the Spiritual or Mystical [sense], which is subdivided in three ways — namely into the Allegorical (concerning a future thing in the Church of God militant), the Anagogical (concerning the future [life] in the other life), and the Tropological or moral sense — although some confound this [last] with the literal but figurative sense, and St. Jerome (in question 12, to Hedibia) and St. Augustine (book On the utility of believing, ch. 3) distribute these senses a little differently. But concerning the common division of these senses, see especially St. Thomas (part 1, q. 1), Sixtus of Siena (book 3 of the Holy Library), Possevinus (book 2 of the Select Library, ch. 18), Bellarmine (controversy 1, book 3, ch. 4), and Salmeron (vol. 1, Prolegomena 7 and 8).


[Margin: The Response is proved. — St. Thomas's authority.]



These being supposed, our Response is proved: first, because the literal sense is principally intended by God, who is the author of the divine letters, according to that [saying] of St. Thomas (part 1, q. 1, art. 10): "But because the literal sense is that which the author intends, and the author of Sacred Scripture is God, who comprehends all things at once by His intellect — it is not unfitting (as Augustine says, Confessions 12) if, even according to the literal sense, in one letter of scripture there be several senses."

But the literal sense, simply [taken], is that which is taken according to the property and obvious signification — which is related to the improper or figurative [sense] as any literal [sense is related] to the mystical, because the figurative is more recondite than the proper.


[Margin: Sixtus of Siena. — Salmeron.]



And the reason is, because, as Sixtus of Siena says (book 3 of the Holy Library, under the title "On the use of the historical exposition"): "The historical kind of exposition is especially most necessary, above all, for the instruction of those things which are to be believed by us, etc. For no exposition adduced for the proof of dogmas has force and strength, except that which truly, purely, and genuinely explains the meaning of the letter." And the same our Salmeron most gravely inculcates (vol. 1, Prolegomena 9, canon 33), where, when he had said that "from the words of Sacred Scripture, according to the reason of Grammar and from the proper signification of the words, one must by no means recede, unless some valid reason occur which compels [one] to some figurative locution," he subjoins:


"For otherwise the whole of Sacred Scripture would perish, and its literal sense, and it would have only vain allegories and inopportune understandings, which each one would attach to it according to his own arbitrary will and pleasure; and thus Scripture would always say what we wish, not what the Holy Spirit would wish us to understand."



Which he confirms from the Jurisconsults (under the Title "On the signification of words"), and from Marcellus the Jurisconsult (on the law Non aliter, Law 3, "On legacies"), who sanction that one must not recede from the property of the words, unless from most manifest indications and from the absurdity of the things themselves it be gathered that the mind of the speaker was other [than the literal].


[Margin: Bellarmine. — Possevinus.]



Thus Bellarmine (controversy 1, book 3, ch. 3): "It is agreed between us and the adversaries, that efficacious arguments must be sought from the literal sense alone: for that sense which is immediately gathered from the words, it is certain, is the sense of the Holy Spirit." Antonius Possevinus too (book 2 of the Select Library, ch. 18) praises and reviews those "who, either in antiquity or in this age, have interpreted the Divine Scripture according to the literal sense, which is the solid foundation of all the senses." But lest we seem to beg [our] testimony only from [our] own household or the more recent [authors]: let us see, concerning this literal sense, the opinion of the more ancient Fathers.


[Margin: St. Basil.]



[III.] St. Basil (homily 9 of the Hexaemeron) calls those who drag Scripture to mere allegories, or in any way take away the truth of the letter, "interpreters of their own dreams," and subjoins: "But I, when I hear 'grass,' understand grass; and stalk, and fish, and beast, and all the cattle, I take as they have been said."


[Margin: Tertullian. — St. Augustine.]



But before him, Tertullian (in the book On the flesh of Christ): "Surely [it would be] most perverse that, naming 'flesh,' we should understand 'soul'; and signifying 'soul,' we should interpret 'flesh.' All things will be in danger of being taken otherwise than they are, and of losing what they are, while they are taken otherwise, if they are named otherwise than they are"; and below he says: "The salvation of the names is [in their] proper meanings." That the foundation of the literal notion ought to be laid beneath the other senses, St. Augustine especially teaches (in the sermon on Abraham and the immolation of Isaac), saying: "We admonish as much as we can, and enjoin, that when you hear the mystery of the Scripture relating the things that were done expounded, you first believe that thing to have been done as it was done, in the way it was read — lest, the foundation being withdrawn, you should seek, as it were, to build the done deed in the air." For, this being posited (as the same [Augustine] teaches in the book of Eighty-three Questions): "When things done are allegorized, the done things do not lose [their] credit." And in the first book On Genesis to the Letter, ch. 1, speaking of the manner of interpreting the sacred Genesis, he says: "In the narration, therefore, of things done, it is asked whether all things are to be taken only according to the figurative understanding, or whether they are also to be asserted according to the belief of the things done [as historical fact]"; and he resolves the question, saying: "If therefore that Scripture is to be scrutinized in both ways, let us seek how it is said besides the allegorical signification, etc." And ch. 21: "When we read the divine books, in so great a multitude of true understandings which are drawn out from a few words, and are fortified by the soundness of the catholic faith, let us choose especially that which has appeared certain that he whom we read meant, etc."

The same holy Doctor (book 3 of On Christian Doctrine, ch. 9): "But as to follow the letter, and to take the signs for the things which are signified by them, is [a mark] of servile weakness, so to interpret the signs uselessly is [a mark] of badly wandering error"; and ch. 10: "To this observation, by which we beware of following the figurative locution — that is, the transferred — as if proper, this [other] also is to be added: that we do not wish to take the proper as if figurative"; and ch. 39: "When the sense, if it be taken according to the property of the words, is absurd, it must indeed be sought whether perhaps it was said by this or that trope which we do not understand: therefore, if it is not absurd, it must be taken according to the property of the words."


[Margin: Argument from the Waters which are above the heavens.]



Besides these [places], not more often nor in clearer words does Sacred Scripture tell us that there are waters above the heavens, than [it tells us] that the Sun is moved and the earth is stable; and therefore some — but fewer — of the Fathers understood those passages about the waters and the heavens not according to the property of the letter, but figuratively. But St. Augustine took those waters [literally], even to the property of the letter, so that (book 2 of On Genesis to the Letter, ch. 5) he pronounced that golden sentence: "But in whatever manner, and of whatever sort, the waters there may be, let us not at all doubt that they are there. For greater is the authority of this Scripture than all the capacity of human talent."

Moreover, when the Apostle (Galatians 2) narrates that he withstood Cephas [Peter] to the face, because he was reprehensible — because, fearing to eat with the Gentiles before the Jews, he in a manner compelled by his own example the Gentiles to Judaize, that is, to abstain from foods which the Mosaic law forbade — and St. Jerome, interpreting this passage, had said that Saints Peter and Paul had done this by agreement [collusion], and that St. Paul did not truly think St. Peter had done wrong, but [that Peter] wished thus to be rebuked by St. Paul, that he might unburden himself of the Jews' envy, etc., and so that St. Paul rebuked him [only] as to appearance and external show: St. Augustine resisted St. Jerome, and contended in several letters to him that this manner of interpreting Sacred Scripture is not to be admitted — [letters] which are had also among the Epistles of St. Jerome (vol. 2, from epistle 86 to 96); and epistle 96 indeed has thus:


"For, some officious [well-meaning] lie being once admitted into so great a height of authority, no particle of those books will remain which — when it shall seem to anyone either difficult as to morals or incredible as to faith — may not, by that same most pernicious rule, be referred to the function and design of a lying author."



Which reasoning he urges in the remaining epistles. But what he says about the "officious lie," he would surely say of our case [too]: for just as Peter was not only seen to be reprehensible, but was truly reprehensible, and was not only apparently rebuked by St. Paul, but was truly rebuked (as Augustine demonstrates, epistle 86 among the Hieronymian [letters]) — so the Sun is really moved, and not only seems to be moved, because Scripture says both; nor is there any absurdity in interpreting it according to the property of the letter.


[Margin: St. Gregory the Great.]



The very same mind exactly was St. Gregory the Great's in interpreting the divine letters, who (book 1 of the Morals, ch. 21) assimilates the literal sense to drink, but the figurative or mystical to food, saying: "For Sacred Scripture is sometimes food to us, sometimes drink. It is food in the more obscure places, because it is, as it were, broken by expounding and swallowed by chewing; but it is drink in the more open places, because it is imbibed just as it is found." And (book 31, ch. 23), explaining that [saying] of Job ("if my land cry against me, and its furrows weep with it"), he says: "In which matter, namely, because the order of history fails, the mystical understanding shows itself to us, as if the doors being now opened — as if it openly cried out: because you recognize that the [literal] letter's reason has failed, it surely remains that you should without doubt return to me" — that is, to the mystical sense. "But if the literal and historical sense can be retained, it must by all means be retained."

But the day would fail me, if I should wish to heap up here the testimonies of the other Fathers for our cause. It suffices me to have given notice that Ori-…


[…continues on p. 493 (PDF 528) with the catchword "genem" (Ori-genem) — Origen and the close of the patristic testimonies.]





(printed p. 493 — Chapter XXXIX closes ¶III with Origen as a cautionary case of unbridled allegory, then answers five objections to the literal-sense rule, stating the governing rule: the literal sense holds first place unless its absurdity is proved from elsewhere. Crucially, Scripture's accommodation to the rude may keep silent a hard truth but cannot affirm a falsehood; a sub-section then begins examining the physical passages the Copernicans claim must be read figuratively, starting with "Firmament" and the "two great Luminaries.")
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…that Origen, because he shrank from the literal sense in explaining the divine letters, fell into intolerable errors, and so pertinaciously clung to his allegories, that St. Jerome wrote of him (in the preface to the tenth vision of Isaiah, to Bishop Amabilis): "Origen wanders through the free spaces of allegory, and makes his own [private] talent the mysteries of the Church." Which necessarily happens likewise to those who, addicted to the Platonic Ideas or the Pythagorean mysteries and philosophemes, [explain] the fabric of the world not such as Sacred Scripture expounds it to us, but such as they themselves, contemplating archetypal reasons — most beautiful to their own minds, however unsuitable and absurd to others — have feigned for themselves. Now certain things which seem to stand against our response are to be dissolved.


[Margin: The 1st Objection is dissolved.]



[IV.] First, against the literal sense and its followers there are those two passages of the Apostle — 1 Corinthians [10]: "Now all these things happened to them in figure"; and 2 Corinthians [3]: "For the letter kills, but the spirit gives life." But the first passage does not signify that the precepts and ceremonies of the law are to be taken only in a figurative sense, the property of the literal sense being excluded; but that they can be taken in the allegorical sense, of Christ and the Church — yet with the literal notion retained or saved.


[Margin: The 2nd Objection is dissolved.]



But the second passage signifies that the old law, understood and observed according to the bare letter — the spiritual sense of grace foreshadowed through Christ being neglected — kills, that is, does not profit unto salvation; but the Spirit of grace, which is had from the new testament, gives life, as Salmeron among others rightly expounds (vol. 1, Prolegomenon 22). Secondly, the literal sense is manifold, which St. Augustine teaches (Confessions 12, chs. 26, 30, 31; On Genesis to the Letter, book 1, chs. 19, 21; City of God, book 11, ch. 19; On Christian Doctrine, book 3, ch. 27), [and] St. Thomas (part 1, q. 1, art. 10), and many others in Salmeron (vol. 1, Prolegomenon 8). But this does not stand in the way, but that the literal-proper [sense] is to be taken chiefly, if nothing absurd follow from it — even if from the figurative sense no inconvenience follow.


[Margin: A notable opinion of St. Augustine for the use of the literal sense.]



Yet this RULE is always to be observed: that, if no absurdity be demonstrated in the property of the literal sense, that sense should hold the first place; but if its absurdity be proved from elsewhere, [then] let us seek another sense, through which the truth of the sacred eloquence may be saved. The same St. Augustine (book 1 of On Genesis to the Letter, ch. 21), expounding that [verse] of Psalm 103 ("stretching out the heaven like a skin"), clearly taught thus:


"But someone says, How is that which is written in our letters — 'Who stretches out the heaven like a skin' — not contrary to those who attribute the figure of a sphere to the heaven? Let it indeed be contrary, if what they say is false; for this is true, which the divine authority says, rather than that which human infirmity conjectures. But if perchance they should be able to prove that [sphericity] by such documents that one ought not to doubt thereof, [then] it must be demonstrated that what among us is said about the 'skin' is not contrary to those true reasons."



Which rule we have so often inculcated above.


[Margin: The 3rd Objection is dissolved.]



[V.] Thirdly, the Sacred Interpreters not rarely concede that Moses accommodated himself to the rude people in speaking of the work of God; and among others St. Thomas Aquinas (part 1 of the Summa, q. 70, art. 1, ad 3) said:


"It must be said that, according to Ptolemy, the Luminaries are not fixed in the spheres, but have a motion apart from the motion of the spheres, etc. But according to the opinion of Aristotle the stars are fixed in the orbs, and are not moved except by the motion of the orbs, according to the truth of the matter; yet the motion of the Luminaries is perceived by sense, but not the motion of the spheres: but Moses, condescending to the rude people, followed that which appears sensibly."



It is not, therefore, derogatory to Sacred Scripture if it be said that it asserted the motion of the Sun and the rest of the earth, because these so appear to the crowd, so that it accommodated itself to the common grasp of men. But it is one thing — of two [things], each of which is true — to be silent about one as difficult to understand or not obvious to the senses (such as St. Thomas thinks the motion of the celestial spheres to be), and to express the other, which is patent to the senses (such as the motion of the Sun is); but another thing to affirm that which is false, on the ground that what is true is not obvious to sense, nor on that account easy for the crowd to understand. But if the Sun were immovable and the Earth were moved, and yet Scripture affirmed the Sun to move and the Earth not to move, it would not merely be silent about the truth, but would besides build up a falsehood — which is unfitting. In which place that [saying] of St. Augustine (in the book On Lying) has force: "There can be no just cause that a lie be told; but there can be a just [cause] that the truth be sometimes kept silent." Let St. Thomas be seen (part 1, q. 67, art. 4; q. 68, art. 3; q. 69, art. 2, ad 3; and q. 70, art. 1, ad 4), [for] how he explains the locutions of Moses without falsity, and saving some literal sense.


[Margin: The 4th Objection is dissolved.]



[VI.] But you will urge, Fourthly: If the Sun stood still and the Earth in reality were moved, Scripture would nonetheless have spoken in the same manner as now, or certainly could have spoken thus, so as to attemper itself to the grasp of men; for who would believe David, or Job, or Solomon, or Sirach, saying, "The Earth is moved and returns into its circles," and, on the contrary, "Thou who hast founded the Sun upon its own stability; it shall not be inclined for ever and ever" — or paradoxes [παράδοξα] like these, and utterly alien from the senses of men? But I deny that Scripture, in that case, would have spoken thus, or could have spoken as [it does] now, with no indication anywhere [given] by God in another Scripture, or in some natural effects manifest to sense mediately or immediately, concerning the rest of the Sun and the motion of the earth — from which we should be compelled to take the other locutions about the motion of the Sun and the rest of the Earth figuratively. Moreover, is it not most difficult to grasp, and not obvious to the senses, that there are waters above the heavens, and that the light of the Sun existed before the Sun? And yet these things Scripture did not pass over in silence; and much less did it pass over in silence the Mystery of the Most Holy Trinity, of the Incarnation, of the Eucharist, of the Resurrection of the dead. Whence, therefore, is it so confidently said that it would have kept silent the motion of the Earth, precisely because it is above or against the sense of men? Lastly, you deny that anyone would believe Scripture asserting the motion of the Earth, on account of the absurdity of this motion and [its] paradox [παραδοξίαν]; and yet you wish that Aristarchus or Copernicus be believed, asserting so great an absurdity? Is not this very thing a horrendous monster of intolerable absurdity — not to concede to God speaking what you would concede to a little man speaking? Either, therefore, be silent about that which you maintain God ought to be silent about, or rather speak the things which God by speaking affirms.


[Margin: The 5th Objection is dissolved.]



[VII.] Fifthly, the Copernicans bring forward many propositions of Sacred Scripture pertaining to Cosmographical, Physical, or Mathematical matters, in which nevertheless it is agreed that it accommodates itself to the grasp and sense of the crowd, and that the literal sense according to the property of the speech cannot be taken. To which we respond universally: that in those [passages] never is affirmed what is not, nor denied what is. Then, if it be agreed that they are to be taken in a sense other than the literal and proper, it [must] indeed be agreed [so] either from other clearer passages of Scripture, or from a definition of the Church, or from some evident proposition known by the natural light [of reason]. But by none of these ways is it agreed that the passages adduced (in chapter 36) for the motion of the Sun and the rest of the Earth are to be taken otherwise. We shall run through, nevertheless, these other passages, that the difference of interpreting may appear more clearly.

The Passages of Sacred Scripture pertaining to Physics or Mathematics, which the Copernicans contend are to be taken Figuratively or according to the Popular sense, are Examined.


[Margin: Firmament. — Great Luminaries.]



[VIII.] In Genesis 1 it is said: "And God called the Firmament heaven." But if the heaven, filled with Fixed stars, is moved, how is it called "Firmament"? I respond, [it is called so] from firmness, which does not necessarily signify local immobility. But see what I said in Section 1, ch. 2, q. 1. And in the same ch. 1 of Genesis it is said: "And God made two great Luminaries: the greater Luminary to rule the day, and the lesser Luminary to rule the night, and the stars." Where Moses seems to have spoken to the sense of the people; otherwise neither is the Moon a "great luminary," since Saturn and Jupiter, etc. are Planets much greater than the Moon; nor ought the Sun or the Moon to be contradistinguished from the stars, as though they themselves were not stars. But this passage I have already expounded at length, with the Fathers, in Section 1, ch. 4, question 5 (which is had on p. 231), where we taught that the Moon, in respect of [being] a Luminary, is greater than all the other stars except the Sun — because it is similar to the Sun in illuminating, at least when it is full, and lights up the whole hemisphere at once far more than all the rest taken together; wherefore even according to the property [of the letter]…


[…continues on p. 494 (PDF 529) with the catchword "tem" (proprieta-tem) — the "great Luminaries" justified literally, and further passages examined.]
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…according to the property of the letter, the Moon is a great Luminary, but less than the Sun. Granted that, in respect of [its] body or [as] a Planet, it is not great, or greater than all the others — and so also nearly Tycho [thinks] (in the Epistles, p. 148). Then, as I said in the same place, it is evident Astronomically — from the apparent diameter of the Moon and [its] distance — that it is smaller than some Planets; and therefore, if Moses had called the Moon a great Planet (which, however, he did not do), we should be compelled to have recourse to its apparent magnitude; but no evidence compels us to say that the motion of the Sun and the stability of the Earth, asserted in the Scriptures, are [asserted] as to appearance only. Nor indeed, when "the stars" is added, is it denied that the Moon and Sun are stars — [the word] being taken as generic; but only [denied] it being taken as specific; or it is to be understood, "and the rest [of the stars]."


[Margin: The Geometric measure of the Bronze Sea.]



In 3 Kings [1 Kings] ch. 7 it is said: "He made also a molten sea, of ten cubits from brim to brim, round in compass; the height of it was five cubits, and a line of thirty cubits girded it round about." Which passage Jacob Lansberg tries to drag to the sense of the crowd (treatise 3 of the Apology), because, if the diameter of this round [vessel] was 10 cubits, its circumference could not be only 30 cubits, but ought to have been greater — since, from what we said in book 1, ch. 4, the diameter is to the circumference of a circle as 100 to 314. But to this objection I respond in a threefold way. First, from Scripture it is not established whether that "line" [in Italian il corduncello, the little cord] was in the same plane in which were the brim and the ten-cubit diameter; for it could have been somewhat below the brim, and so be exactly 30 cubits, and somewhat less than the [brim's] circumference. Secondly, even if the "line" be taken for the circumference of the brim, [it is] nevertheless truly, and according to the property of the letter, that a round number is set down — which is often done elsewhere; for by this the more exact number is not denied, which ought to have been 31 2/7, if the diameter was 10; or, if the circumference was 30, the diameter ought to have been 9 [and a fraction]. Thirdly, [if] therefore one had recourse to this rounded signification accommodated to the people, [that would be] because the proportion of the diameter to the circumference has been demonstrated by Archimedes and others; but no one of the Copernicans has hitherto demonstrated that the Sun is really not moved, and that the Earth is moved.


[Margin: The Sun proceeding from [its] bridal chamber.]



In Psalm 18 [19] the Sun is said to proceed like a bridegroom from his bridal chamber — not because it slept the whole night (since it is said that there is none who can hide himself from its heat, and accordingly it illumines the other hemisphere also by night), but [the comparison] being made with regard to the analogy of the nascent splendor to a bridegroom's new adornments.


[Margin: The Earth upon the waters.]



And in Psalm 23 [24] the Earth [is said to be] founded upon the seas, and prepared upon the rivers — not because it could float on top of the waters, but because, as St. Augustine says (book 2 of On Genesis to the Letter, ch. 1), most banks of rivers, and places receding from the shore on account of mounds and hills, hold a place higher than the water.


[Margin: Heaven stretched out like a skin.]



But in Psalm 103 [104] it is said that God stretched out the heaven like a skin — namely, with that facility with which tents made of skins are stretched out; or because He clothed the world with the heaven as with a skin; or because a skin, in inflated bellows and wineskins, is so stretched out that it tends toward roundness — wherefore this is not repugnant to the roundness of the heaven: which is the exposition of St. Augustine (book 2 of On Genesis to the Letter, ch. 8).


[Margin: The Earth stands for ever.]



In Ecclesiastes 1 it is said: "One generation passes, and another generation comes; but the Earth stands for ever" — which passage, as I said in ch. 36, has a twofold literal sense. One concerns the state of the earth, inasmuch as it is opposed to Generation and corruption — so that it is signified that it is subject to generation and corruption neither as a whole, nor according to the greatest part of [its] depth — which sense alone the Copernicans embrace. The other sense is concerning the state [rest], inasmuch as it is opposed to local motion; for the Earth is like a stage, on whose surface men succeed one another, but at length, their brief spectacle being shown, they pass away also by local motion — when the body [migrates] into the bowels of the earth, but the soul once [migrated] into the bowels of the same [earth], but now migrates either into its bowels, or into heaven. But the earth, immune from all motion, stands for ever; and this sense is the chief one, and conformable to the Hebrew root, as our Pineda shows at length and learnedly (on chapter 1 of Ecclesiastes).


[Margin: Launch out into the deep.]



Finally, CHRIST the Lord says to Peter (Luke 5), "Launch out into the deep" [duc in altum, lit. "lead into the high"]; because the sea seems higher than the shore, on account of an optical illusion whose cause the students of Optics render — although, on account of the swelling of the waves, it can sometimes really be higher than the shore. But if in this [phrase] we are compelled to flee to an Optical locution and the popular sense, that happens because it is supposed evidently known from elsewhere that the Sea is not really higher than the shores. But now it is not evidently established that the Earth is moved and the Sun stands still, so that on that account we should be bound to drag the propositions about the Sun's motion and the Earth's state to a figurative sense, or to appearance. ("Altum" could also be taken for "the deep [profundum].") Let it now be [enough].

SINGLE CONCLUSION. The Propositions of Sacred Scripture in which the Motion of the Sun and the Immobility of the Earth are asserted are to be taken to the letter, according to the proper sense.

[IX.] The Conclusion is proved by this single Syllogism:


"Every proposition which is found uttered by a Canonical Writer in Sacred Scripture is to be taken in the literal and proper sense, as often as in such a sense there is no repugnance with other propositions of the same Sacred Scripture equally or more certain, or with a definition of the Supreme Pontiff of the Catholic Roman Church, or with some proposition certain and evident by the natural light. But the propositions of Sacred Scripture in which the Motion of the Sun and the Stability of the Earth are asserted are uttered by a Canonical Writer, and do not repugn any of those enumerated in the Major; therefore they are to be taken in the literal and proper sense."

[Margin: The proof of the Major.]



The MAJOR has been sufficiently proved from number 2 to 7; and as regards the definition made by the Church through the Roman Pontiff, it has now been most learnedly proved by Bellarmine (Controversy 1, book 3, from ch. 3 to 10), where — from the whole antiquity of the Fathers and the custom of the Church, and from the authority conferred by Christ on St. Peter and his successors — he proves that, in a doubt concerning [whether a] Sacred Scripture [is] to be received among the Canonical books or not to be received, or concerning the sense and interpretation of some proposition found in it, recourse must be had to the single and certain visible rule, which is the Supreme Pontiff of the Catholic Roman Church; and it is confirmed from the Decree of the Council of Trent (session 4, on the edition and use of the sacred books).


[Margin: The proof of the Minor as to [its] three parts.]



The MINOR, as regards the Canonical Writer, is proved: for the propositions asserting the Sun's motion and the Earth's stability were uttered by the Author of the book of Judges, and of Paralipomenon [Chronicles], by David, by Ecclesiastes, by Ecclesiasticus, by Isaiah, and by Job himself — or by God speaking to Job, but not by the friends of Job — as is clear from what was said in ch. 36. But all these Authors and books are reckoned among the Canonical books by the Council of Trent, and are defined to be held for such (Session 4). But that they do not repugn another Scripture or a definition of the Church is proved — both because no such proposition can be brought forward to which they repugn, and because (although it has not yet [been defined] by the Supreme Pontiff, yet it has been defined by [those] deputed by him) rather the assertions of the Earth's motion and the Sun's stability repugn Sacred Scripture, as will be clear from what is to be said in the following chapter. Finally, that those propositions do not repugn any proposition certain and evident by the natural light, is proved: First, because rather the propositions opposed to these repugn the Physico-Mathematical demonstrations, as was said in ch. 35, conclusions 2 and 3. Secondly, because if the celestial phenomena alone be considered, all can be saved in Astronomical rigor, whether the Earth be posited to rest and the Sun to be moved, or the Earth to be moved and the Sun to rest, as was said in ch. 35, conclusion 1. For hitherto the Earth's motion, or the Sun's rest, has been demonstrated by no one; but at most it has been demonstrated that, if the Earth be moved through the annual orb with the diurnal motion and the libration of [its] axis, and the Sun in the center of the world be not moved by any motion other than the whirling about its own center, all the celestial Phenomena can occur, as to appearances, in the same way as if, around the Earth resting in the center of the world, the Sun were moved; and that, as regards some [phenomena], a more probable reason of such Phenomena is given by Copernicus's hypothesis — granted that the other [hypothesis] contains a greater absurdity, inwardly and outwardly. Finally, the Copernicans themselves confess that, in Astronomical rigor, the same things will appear in the heaven, whether the Earth stand still and the Sun be moved, or the Earth be carried around with the Sun standing still: Copernicus (book 1, ch. 5) says: "For among…"


[…continues on p. 495 (PDF 530) with the catchword "inter" — the Copernicus quotation, completing the proof of the Minor.]





(printed p. 495 — Chapter XXXIX closes with testimonies that even Copernicus, Kepler, and Galileo concede the observational equipollence of the hypotheses — the same appearances result either way. Chapter XL then opens, on what censure the asserters of the Earth's motion deserve and have received: a review of learned condemnations from Tycho, Tassoni, Scheiner, Kircher, Tanner, Inchofer, Polacco, and others, ranging from "absurd and contrary to Scripture" to outright "heresy.")
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…among [things which are carried along together]; whence Copernicus himself (in book 1 of the Revolutions, ch. 5) confesses that all motion which appears about a thing placed in the middle is not perceived to belong to that middle thing rather than to the beholder, when both are borne along together. And (ch. 8) he writes that "the appearance of the daily revolution is in the heaven, but the truth [of it] is in the earth" — that is, that the very same appearances follow whether the heaven be turned about a resting earth, or the earth be turned beneath a resting heaven; so that, by his own confession, the appearances do not compel the earth's motion.


[Margin: Kepler grants the equipollence of the hypotheses.]



Kepler likewise, in the preface to the Commentaries on the Motions of the star Mars, praises the middle-path hypothesis of Tycho Brahe; and in the fifth book of the Harmonics (ch. 3) he teaches that the harmonic laws of the celestial motions which he had found hold no less in the hypothesis of Tycho than in that of Copernicus. And in the Hyperaspistes (against the Anti-Tycho of Scipio Chiaramonti) he professes that "the equipollence which I have demonstrated in the Commentaries on Mars, and inculcated in the Harmonics, will satisfy the astronomers" — alluding to that [saying] by which Cleanthes the Stoic thought Aristarchus of Samos ought to be summoned to judgment for impiety, because, to save the appearances, he set the earth in motion.


[Margin: Galileo grants the same.]



Galileo too, in the second Day of his Dialogue, confesses through the mouth of Salviati that the diurnal motion can be ascribed either to the Earth alone or to the whole rest of the universe, with the appearances remaining the same on either hypothesis; and Simplicio and Salviati agree at last that no necessary demonstration of the Earth's motion is had — for the argument from the tides, urged in the fourth Day, has been refuted by us above (ch. 14), and the supposed natural circular motion of heavy bodies has not been proved (ch. 17). Since therefore even the chief patrons of the moving Earth confess that the appearances are saved equally on either hypothesis, there remains no necessity which should compel us to recede from the proper sense of the letter; and so our single Conclusion stands firm.




Chapter XL, What Censure the Asserters of the Motion of the Earth and the Immobility of the Sun deserve, and have borne [received], from Learned men — but especially from the Sacred Congregation of Cardinals deputed by the Supreme Pontiff for the Office of the Inquisition.

[I.] I shall first review some Astronomers, Philosophers, and Theologians, who have condemned the hypothesis of Copernicus in rather express formulas.


[Margin: Tycho. — Tassoni.]



Tycho (in the epistles, p. 147) judges it "Absurd, and contrary to Sacred Scripture." Alexander Tassoni (book 4 of the Various Contemplations, q. 25) asserts it to be "Against nature, against sense and the Physical reasons, against Astronomy and Mathematics, and against Religion."


[Margin: Mersenne. — Gassendi.]



But Marin Mersenne (in the questions on Genesis, ch. 1, verse 10, art. 7) so reproves it, that nevertheless he denies it has hitherto been condemned as a heresy by the Catholic Church. Pierre Gassendi (at the end of the second epistle On motion impressed by a transferred mover) indeed condemns and repudiates that opinion, but adds: "Not that I therefore esteem it to be an article of Faith, etc."


[Margin: Scheiner.]



But our [own father] Scheiner (in the Mathematical Disquisitions, pp. 28 and 35) [judges] the Copernican motion "to be beyond all belief, nor able to be defended without innumerable absurdities" — from which it follows, first, that many passages of Sacred Scripture, and the common formulas of speaking of the Astronomers, would have to be twisted into a perverse sense without any necessity, since in the plain sense all things can be most conveniently defended.


[Margin: Delfino. — Kircher.]



From the Franciscan family, John Antony Delfino (in the book On the celestial globes and motions, ch. 18) calls the opinion of the earth's motion "foolish, insipid, and long ago hissed off [exploded] from the schools." But others mark it with graver censures: for Athanasius Kircher (in his Magnes [Magnet], p. 539) affirms it to be "Dangerous in [matters of] Faith."


[Margin: Lipsius. — Tellez.]



Nay, Justus Lipsius (book 2 of the Physiologia, disputation 19) — which Georgius Polaccus also reports in his Anticopernicus Catholicus (assertions 1 and 45) — and, with Lipsius, our [father] Balthasar Tellez (in the Summa of Philosophy, part 2, disputation 16, section 2) call the opinion of the earth's motion "Heresy."


[Margin: Serarius. — Tanner.]



Which Nicolaus Serarius of our Society also does (on ch. 10 of Joshua, question 14), where, speaking of Copernicus, he says: "But although, that they might escape all reprehension, he dedicated these his revolutions to the Supreme Pontiff Paul III, yet these hypotheses, if they were seriously asserted as true, I do not see in what manner they could be immune from heresy. For Scripture always assigns rest to the Earth, and motion to the Sun and the Moon; or if ever those heavenly bodies stand still, it signifies that this comes to pass by a great miracle." Besides, Adam Tanner, a most learned Theologian of our Society (in the dissertation On the heaven, question 9), says that it is a certain and true assertion that the stars, not the earth, are moved from East to West, and that the opposite was condemned as heresy or error by Philastrius and Diodore of Tarsus, and that after the decree of the Cardinals it can no longer safely be defended.


[Margin: Froidmont. — Acarisius.]



Likewise Froidmont (in his Vesta) and Acarisius (in his [own work]) subscribe to the same censures, which we shall presently draw forth from the decree of the Cardinals.


[Margin: Inchofer.]



Melchior Inchofer of our Society (in his Syllepticus tract, from ch. 8 to 12) judges: first, "that there is a unanimous consent of the Fathers that the Sun is moved"; second, "that it is of Faith that the Sun is moved circularly"; third, "that it is more probable that it is of Faith that the Earth is at the center of the world and is not moved" — of faith, I say, at least indirectly, inasmuch as from its opposite there follows something contrary to faith, namely that the passages of Scripture asserting the Sun's motion and the Earth's stability are false.


[Margin: Polacco. — Pineda. — Lorini.]



With whom Georgius Polaccus agrees in all things, in his Anticopernicus Catholicus (assertions 126, 127, 128, 129, 130). Our Pineda (on ch. 1 of Ecclesiastes, p. 114) calls the opinion of the earth's motion "an absurd falsity," which same falsity Lorini of our Society asserts to have been demonstrated by himself from the divine letters, in…


[…continues on p. 496 (PDF 531) with the catchword "in" — Lorini's demonstration and the further dossier of condemnations leading to the decree of the Cardinals.]





(printed p. 496 — Chapter XL continues: Riccioli wholly subscribes to the Sacred Congregation's censure as passed for most prudent and just causes, then introduces the documentary dossier he reproduces verbatim. The Decree under Paul V of 5 March 1616 is given in full — Copernicus and Zúñiga suspended until corrected, Foscarini wholly prohibited — followed by the 1620 Monitum and the beginning of the Emendation of Copernicus's assertive passages into hypothetical wording.)
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[Margin: The Author's own judgment.]



…[Lorini, on] the same first chapter of Ecclesiastes. [For my own part,] I dare neither add anything to, nor subtract anything from, the censure passed upon this opinion by the Sacred Congregation of Cardinals — which censure I will report a little below — but I wholly subscribe to that same [censure], as pronounced for most prudent and most just causes.

[II.] There now follows a copy of the Decree under Paul V against the books of Copernicus, of Diego de Zúñiga, and of Paolo Antonio Foscarini — extracted from the Chancery of the Holy Office of the Inquisition at Rome, of which Tanner too (in the dissertation On the heaven, question 9) reports a great part — to which we shall subjoin the Emendation of Copernicus's books, promulgated at Rome in the year 1620, and the Abjuration to which Galileo was compelled in the year 1633 under Urban VIII (a copy of which the Most Reverend Father Pallavicino, Inquisitor of Mantua, showed to us, and which Georgius Polaccus likewise recites in his Anticopernicus Catholicus, after assertion 123, from the epistle of the Most Eminent Cardinal of Sant'Onofrio sent in the same year to the Most Reverend Inquisitor of Venice).



Extract of the Decree of the Sacred Congregation of the Most Eminent Cardinals of the Holy Roman Church, issued under Paul V on the 5th of March of the year 1616.


And because it has also come to the notice of the aforesaid Congregation that that false Pythagorean doctrine — wholly adverse to the Divine Scripture — concerning the mobility of the Earth and the immobility of the Sun, which Nicolaus Copernicus (in On the Revolutions of the heavenly Orbs) and Diego de Zúñiga (on Job) also teach, is now being spread abroad and received by many: as may be seen from a certain printed Letter of a certain Carmelite Father, whose title is "Letter of the Reverend Father Master Paolo Antonio Foscarini, Carmelite, upon the opinion of the Pythagoreans and of Copernicus concerning the mobility of the Earth and the stability of the Sun, and the new Pythagorean System of the World" (at Naples, by Lazzaro Scoriggio, 1615), in which the said Father attempts to show that the aforesaid doctrine concerning the immobility of the Sun in the center of the World and the mobility of the Earth is consonant with truth and not adverse to Sacred Scripture: — therefore, lest an opinion of this kind creep further to the ruin of Catholic truth, [the Congregation] has decreed that the said books of Nicolaus Copernicus (On the Revolutions of the orbs) and of Diego de Zúñiga (on Job) are to be suspended until they be corrected; but the book of Father Paolo Antonio Foscarini, Carmelite, is wholly to be prohibited and condemned; and that all other books likewise teaching the same are to be prohibited — as by the present decree it respectively prohibits, condemns, and suspends them all. In faith of which, the present decree was signed and fortified by the hand and seal of the Most Illustrious and Most Reverend Lord Cardinal of S. Cæcilia, Bishop of Albano, on the 5th day of March 1616. At Rome, from the Press of the Apostolic Chamber, in the year 1616.

P. Bishop of Albano, Cardinal of S. Cæcilia.

Place ✠ of the Seal.

Registered, Folio 90.
Fr. Francesco Magdaleno Capiferreo,
of the Order of Preachers, Secretary.





Admonition of the Sacred Congregation to the Reader of Nicolaus Copernicus, and the Emendation, Permission, and Correction.


Although the writings of Nicolaus Copernicus, the noble Astronomer, On the Revolutions of the World were judged by the Fathers of the Sacred Congregation of the Index to be utterly prohibitable, for this reason — because he does not hesitate to treat the principles concerning the position and motion of the terrestrial globe (repugnant to Sacred Scripture and to its true and Catholic interpretation, which in a Christian man is least of all to be tolerated) not by way of hypothesis, but to build them up as most true: nevertheless, because there are in them many things most useful to the Commonwealth, by unanimous consent [the Fathers] came into this opinion, that the works of Copernicus, printed up to this day, should be permitted — as they have permitted them — yet with these passages corrected (according to the emendation set out below), in which he disputes of the position and motion of the Earth not by way of hypothesis, but by way of assertion. But those [copies] which shall hereafter be printed are to be permitted only with the aforesaid passages emended (as follows), and with an admonition of this kind prefixed to Copernicus's preface.





Emendation of the passages which, in Copernicus's books, have seemed worthy of Correction.


In the Preface, near the end.
There, at "If perhaps," delete all, down to the word "these our labors," and so adapt it: "Moreover, these our labors."

In Chapter 6 of Book 1, page 6.
There, "If however more attentively." Correct: "If however we should consider the matter more attentively, it makes no difference whether we suppose the Earth to be in the middle of the World, or outside the middle, so far as concerns the saving of the appearances of the celestial motions; for every…" etc.

In Chapter 8 of the same Book.
This whole chapter could be expunged, since it treats expressly of the truth of the Earth's motion, while it dissolves the ancients' arguments proving its rest. Since, however, it seems to speak problematically, that satisfaction may be given to students and the sequence and order of the book remain entire, let it be emended as below.
First, on p. 6, delete the little verse "Why then…," down to the word "we shall be carried," and let the passage be thus corrected: "Why…

[…continues on p. 497 (PDF 532) with the catchword "ergo" — the completion of the corrected text of Copernicus's Book 1, ch. 8.]





(printed p. 497 — Chapter XL continues the documentary dossier: the 1620 Emendation of Copernicus is completed, with the corrected hypothetical wordings of Book I chapters 8–11 and Book IV chapter 10. There follows the Letter of the Cardinal of Sant'Onofrio to the Inquisitor of Venice (2 July 1633) recounting Galileo's condemnation and abjuration, and the opening of the Sentence against Galileo with the names of the ten Cardinals of the Congregation; the Sentence proper continues on p. 498.)
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…[continuation of the corrected text of Copernicus, Bk I ch. 8:]
"Why then can I not grant mobility to that form of [the Earth], and rather [hold] that the whole world glides by — whose limit is unknown and cannot be known — and that the things which appear in the heaven behave just as if the Virgilian Aeneas were saying [it]?"*

Secondly, p. 7, the verse "I add." Let it be corrected in this manner: "I add also that it is no more difficult to ascribe motion to the thing contained and located, which is the Earth, than to the container."

Thirdly, on the same page, at the end of the Chapter, the verse "You see." It is to be deleted, down to the end of the chapter.

In Chapter 9, page 7.
The beginning of this chapter, down to the little verse "For because so." Correct: "Since therefore I have assumed that the Earth is moved, I now think it must be seen whether several motions also can fit it, for…" etc.

In Chapter 10, page 9.
The little verse "Proinde [Accordingly]." Correct thus: "Accordingly, we are not ashamed to assume [it]"; and a little below, there, "this is rather verified in the Mobility of the Earth." Correct: "this is consequently verified upon the mobility of the Earth." On page 10, at the end of the chapter, delete those last words: "So great indeed is this divine fabric of the Best and Greatest God."

In Chapter 11.
Let the title of the chapter be adapted in this way: "On the Hypothesis of the threefold motion of the Earth, and its demonstration."

In Book 4, Chapter 10, page 122.
In the title of the chapter, delete the words "of these three heavenly bodies," because the Earth is not a heavenly body, as Copernicus makes it [to be].

Fr. Francesco Magdaleno Capiferreo,
of the Order of Preachers, Secretary of the Sacred Congregation.
At Rome, from the Press of the Reverend Apostolic Chamber, 1620.





Letter of the Most Eminent Cardinal of Sant'Onofrio to the Reverend Father Inquisitor of Venice.

MOST REVEREND FATHER,


Although the Treatise of Nicolaus Copernicus On the Revolutions of the heavenly Orbs was suspended by the Congregation of the Index — for the reason that in it is maintained that the Earth is moved, and not the Sun, but that this [the Sun] stands in the center of the World (which opinion is contrary to Sacred Scripture) — and although it had been forbidden by this Holy Congregation to Galileo Galilei of Florence to hold, defend, or teach in any way, by word or by writing, the said opinion: nevertheless the same Galileo dared to compose a book entitled "Galileo Galilei, Lynx-eyed" [the Dialogue]; and, not making known the said prohibition, he extorted a license to publish it in print (as in fact he did publish it); and, supposing at the beginning, the middle, and the end of it that he wished to treat hypothetically of the aforesaid opinion of Copernicus, nevertheless (although he could in no way treat of it) he treated of it in such a manner that he rendered himself vehemently suspect of adherence to such opinion. Wherefore, having been Inquisited and shut up in the prison of the Holy Office, by the sentence of these Most Eminent my Lords he has been condemned to abjure the said opinion, and to remain in formal prison at the pleasure of their Eminences, and to perform other salutary penances; as Your Reverence will see in the subscribed copy of the sentence and abjuration, which is sent to you, that you may notify it to your Vicars, and that knowledge of it may reach them, and all Professors of Philosophy and Mathematics: in order that, knowing in what manner it has been dealt with the said Galileo, they may comprehend the gravity of the error committed by him, that they may avoid it, and likewise [avoid] the penalties which, by falling into it, they would have to suffer. For a close, may the Lord God preserve Your Reverence. At Rome, the 2nd of July 1633.

Of Your Reverence,
As a Brother,
The Cardinal of Sant'Onofrio.





Sentence against Galileo, and his Abjuration.


[Margin: The names of the Cardinals of the Sacred Congregation.]

WE: Gaspar, of the Title of S. Croce in Gerusalemme, Borgia.
Brother Felice Centini, of the Title of S. Anastasia, called "of Ascoli."
Guido, of the Title of S. Maria del Popolo, Bentivoglio.
Brother Desiderio Scaglia, of the Title of S. Carlo, called "of Cremona."
Brother Antonio Barberini, called "of Sant'Onofrio."
Laudivio Zacchia, of the Title of S. Pietro in Vincoli, called "of San Sisto."
Berlingero, of the Title of S. Agostino, Gessi.
Fabrizio Verospi, of S. Lorenzo in Panisperna, called "Priest."
Francesco Barberini, of S. Lorenzo in Damaso; and…

[…continues on p. 498 (PDF 533) with the catchword "Mar-" (Marzio Ginetti, the tenth Cardinal) — and the body of the Sentence against Galileo.]





(printed p. 498 — Chapter XL continued: the verbatim Sentence against Galileo (1633). The cardinal-list concludes and the body of the Sentence opens: it recounts the 1615 denunciation of Galileo for holding that the Sun is immovable and the Earth moves, the Qualifiers' censure of both propositions, the 1616 injunction delivered through Cardinal Bellarmine, and the offense of the 1632 "Dialogue"; it then reports Galileo's interrogation under oath and his production of Bellarmine's testimony in his defense.)
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…Marzio [Ginetti], of S. Maria Nuova, Ginetti, Deacon. By the Mercy of God Cardinals of the Holy Roman Church, in the whole Christian Commonwealth Inquisitors-General against heretical pravity, specially deputed by the Holy Apostolic See.

[Margin: The form of the Sentence against Galileo.]

WHEREAS you, Galileo, son of the late Vincenzo Galilei, Florentine, aged 70 years, were denounced in the year 1615 to this Holy Office, for holding as true a false doctrine taught by many — namely, that the Sun is the center of the World and immovable, and that the Earth is moved, with a daily motion also; likewise that you had certain disciples whom you taught the same doctrine; likewise that you kept up a correspondence concerning it with certain German Mathematicians; likewise that you had brought to light certain Letters entitled "On the Solar Spots," in which you explained the same doctrine as true; and that to the objections which were continually made against you, drawn from Sacred Scripture, you would reply by glossing the said Scripture according to your own sense; — and whereas afterward there was exhibited [to the Congregation] a copy of a writing in the form of a Letter, said to have been written by you to a certain former disciple of yours, and in it, following the hypotheses of Copernicus, you include several propositions against the true sense and authority of Sacred Scripture:

Wishing therefore that this Holy Tribunal should provide against the inconveniences and harms which were proceeding hence, and were growing to the ruin of the Holy Faith: by command of Our Lord [the Pope] and of the Most Eminent Lords Cardinals of this supreme and universal Inquisition, the two propositions concerning the stability of the Sun and the motion of the Earth were qualified by the Theological Qualifiers, as below:

That the Sun is the center of the World, and immovable by local motion, is a proposition absurd, and false in Philosophy, and formally heretical: because it is expressly contrary to Sacred Scripture.

That the Earth is not the center of the World, nor immovable, but is moved, and with a daily motion also, is likewise a proposition absurd, and false in Philosophy, and, theologically considered, at least erroneous in Faith.

But since it pleased [the tribunal] for the time to deal benignly with you, it was decreed in the Holy Congregation, held before Our Lord on the 25th day of February of the year 1616, that the Most Eminent Lord Cardinal Bellarmine should enjoin you to recede altogether from the said false doctrine; and, should you refuse, that the Commissary of the Holy Office should command you to abandon the said doctrine, and that you might not be able to teach it to others, nor defend it, nor treat of it; and that, if you did not acquiesce in this command, you should be cast into prison: and in execution of this same Decree, on the following day, in the Palace, before the aforesaid Most Eminent Lord Cardinal Bellarmine, after you had been benignly admonished by the same Lord Cardinal, a command was laid upon you by the Lord Commissary of the Holy Office then in office, in the presence of a Notary and Witnesses, that you should altogether desist from the said false opinion, and that in the future it should not be lawful for you to defend it, or teach it in any way, either by word or by writing; and, having promised obedience, you were dismissed.

And, that so pernicious a doctrine might be wholly removed, and might not creep further to the grave detriment of Catholic truth, a Decree issued from the Sacred Congregation of the Index, by which the books that treat of such doctrine were prohibited, and it was declared false, and altogether contrary to Sacred and Divine Scripture. And whereas afterward there had appeared a book, printed at Florence in the year just past, whose title-page showed you to be its author — the title being "Dialogue of Galileo Galilei on the two chief Systems of the World, the Ptolemaic and the Copernican" — and whereas the Sacred Congregation had learned that, by the printing of the said book, the false opinion concerning the motion of the Earth and the stability of the Sun was daily gaining ground more and more: the aforesaid book was diligently examined, and there was openly detected in it a transgression of the aforesaid command which had been intimated to you — inasmuch as in the same book you had defended the aforesaid opinion, already condemned and declared such to your face: since in the said book, by various circumlocutions, you strive to persuade [men] that you leave it undecided and expressly probable; which likewise is a most grave error, since in no way can an opinion be probable which has already been declared and defined to be contrary to the Divine Scripture.

Wherefore, by our command, you were summoned to this Holy Office, in which, being examined under oath, you acknowledged the said book to be written by you and committed to the press. You likewise confessed that you had begun to write the said book about ten or twelve years ago, after the command had been made to you as above. Likewise that you had sought a license to publish it, yet without signifying to those who granted you such a faculty that a command had been laid upon you not to hold, defend, or teach such doctrine in any way.

You confessed likewise that the writing of the said book is in several places so composed that the Reader might think the arguments brought for the false side to be so set forth that, by their force, they could rather constrain the understanding than be easily refuted; excusing yourself, that you had fallen into an error so foreign (as you said) to your intention, because you had written in the form of a dialogue, and on account of the natural complacency which everyone has in his own subtleties, and in showing himself more clever than men commonly are, ingenious even in favor of false propositions and discourses of an apparent probability.

And when a suitable term had been assigned to you for making your defense, you produced a testimony in the autograph of the Most Eminent Lord Cardinal Bellarmine — procured, as you said, by you, that you might defend yourself against the calumnies of your enemies, who were saying that you had abjured and been punished by the Holy Office: in which testimony it is said that you had not abjured, nor been punished, but only that there had been notified to you the declaration made by Our Lord and promulgated by the Sacred Congregation of the Index, in which is contained that the doctrine concerning the motion of the Earth and the stability of the Sun is contrary to the Sacred Scriptures, and therefore it could not be de-…

[…continues on p. 499 (PDF 534) with the catchword "fendi" — "…it could not be de-fended nor held"; the conclusion of the Sentence, the seven signing Cardinals, and the opening of Galileo's Abjuration.]
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…[and therefore it could not be de-]fended nor held. Wherefore, since mention is not there made of the two particulars of the command — namely "to teach" and "in any way" — it is to be believed that, in the course of fourteen or sixteen years, these had slipped from your memory, and that for this very cause you kept silent about the command when you sought the faculty to commit the book to the press; and that this was said by you not to excuse the error, but rather that it might be ascribed to vain ambition rather than to malice. But this very testimony, produced for your defense, has aggravated your cause the more, since in it the said opinion is said to be contrary to Sacred Scripture, and yet you dared to treat of it, to defend it, and to persuade [men of it] as probable: nor does the faculty, artfully and craftily extorted by you, avail you, since you did not make manifest the command laid upon you.

But since it seemed to us that you had not pronounced the whole truth concerning your intention, we judged it necessary to come to a rigorous examination of you, in which (without prejudice to anything which you had confessed and which had been adduced against you above concerning your said intention) you answered in a Catholic manner. Wherefore, having seen and maturely considered the merits of this your cause, together with your aforesaid confessions and excuses, and whatever else was of right to be seen and considered, we have come to the underwritten definitive sentence against you.

Invoking therefore the Most Holy name of Our Lord JESUS CHRIST and of His most glorious Mother, ever-Virgin MARY: by this our definitive sentence, which, sitting in tribunal, by the counsel and judgment of the Reverend Masters of Sacred Theology and Doctors of both Laws, our Consultors, we deliver in these writings concerning the cause and causes controverted before us between the Magnificent Carlo Sincero, Doctor of both Laws, Fiscal Procurator of this Holy Office, of the one part, and you, Galileo Galilei, the accused, here inquisited, examined, and confessed as above, of the other part: we say, pronounce, judge, and declare that you, the aforesaid Galileo, by reason of the things adduced in the process and which you have confessed as above, have rendered yourself vehemently suspect of heresy to this Holy Office — that is, of having believed and held a doctrine false and contrary to the Sacred and Divine Scriptures, namely, that the Sun is the center of the orb of the Earth and is not moved from East to West, and that the Earth is moved and is not the center of the World, and that one may hold and defend as probable an opinion after it has been declared and defined to be contrary to Sacred Scripture; and consequently that you have incurred all the censures and penalties established and promulgated by the Sacred Canons and other Constitutions, general and particular, against such delinquents. From which it is our pleasure that you be absolved, provided that first, with a sincere heart and unfeigned faith, you, before us, abjure, curse, and detest the aforesaid errors and heresies, and every other error and heresy contrary to the Catholic and Apostolic Roman Church, in the form which shall be presented to you by us.

And, that this your grave and pernicious error and transgression may not remain altogether unpunished, and that you may be more cautious hereafter, and be an example to others, that they may abstain from offenses of this kind, we decree that the book of the Dialogues of Galileo Galilei be prohibited by public edict; and we condemn you to the formal prison of this Holy Office for a time to be limited at our pleasure; and by way of salutary penance we enjoin you that, for the next three years, you recite once a week the seven penitential psalms: reserving to ourselves the power of moderating, changing, or wholly or in part removing the aforesaid penalties and penances.

And thus we say, pronounce, declare by sentence, decree, condemn, and reserve, in this and in every other better mode and form which by right we can and ought.

So we pronounce, We the undersigned Cardinals:

F. Cardinal of Ascoli [Felice Centini].
G. Cardinal Bentivoglio.
F. Cardinal of Cremona [Desiderio Scaglia].
Fra Antonio, Cardinal of Sant'Onofrio [Barberini].
B. Cardinal Gessi.
F. Cardinal Verospi.
M. Cardinal Ginetti.





ABJURATION OF GALILEO.


I, GALILEO, son of the late Vincenzo Galilei, Florentine, aged 70 years, brought personally to judgment, and kneeling before you, Most Eminent and Most Reverend Lords Cardinals, Inquisitors-General against heretical pravity throughout the whole Christian Commonwealth: having before my eyes the most holy Gospels, which I touch with my own hands, I swear that I have always believed, and now believe, and, with God's help, will in the future believe, all that the Holy Catholic and Apostolic Roman Church holds, preaches, and teaches. But because — after I had been juridically enjoined by this Holy Office, with a command, that I should altogether abandon the false opinion which holds that the Sun is the center of the World and immovable, and that the Earth is not the center and is moved, and that I could not hold, defend, or teach in any way, by word or by writing, the aforesaid false doctrine; and after it had been notified to me that the aforesaid doctrine is repugnant to Sacred Scripture — I wrote and committed to the press a book, in which I treat of the same doctrine already condemned, and adduce reasons with great efficacy in fa-…

[…continues on p. 500 (PDF 535) with the catchword "fauo-" — "…in fa-vor of it"; the remainder of Galileo's Abjuration formula.]
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…[I adduce reasons with great efficacy in] favor of it, without bringing forward any solution; therefore I have been judged vehemently suspect of heresy, namely, that I have held and believed that the Sun is the center of the World and immovable, and that the Earth is not the center and is moved.

Therefore, wishing to remove from the minds of Your Eminences, and of every Catholic Christian, this vehement suspicion rightly conceived against me, with a sincere heart and unfeigned faith I abjure, curse, and detest the aforesaid errors and heresies, and generally every other error, heresy, and sect contrary to the aforesaid Holy Church; and I swear that in the future I will never again say or assert, by word or by writing, anything on account of which a like suspicion might be had of me; but, if I shall know any heretic or anyone suspected of heresy, I will denounce him to this Holy Office, or to the Inquisitor and Ordinary of the place in which I shall be. I swear, moreover, and promise that I will fulfill and observe wholly all the penances which have been or shall be imposed on me by this Holy Office. And should it happen that I contravene (which God avert) any of my said promises, protestations, and oaths, I subject myself to all the penalties and punishments which have been ordained and promulgated by the Sacred Canons and other Constitutions, general and particular, against such delinquents. So help me God, and these His holy Gospels, which I touch with my own hands.

I, Galileo Galilei aforesaid, have abjured, sworn, promised, and bound myself as above; and in witness thereof, with my own hand I have subscribed this present writing of my abjuration, and have recited it word for word at Rome, in the Convent of the Minerva [Santa Maria sopra Minerva], on this 22nd day of June of the year 1633.

I, Galileo Galilei, have abjured as above, with my own hand.





Conclusion of This Section.

Thus far concerning the Arguments on both sides, and the Censures against the asserters of the Immobility of the Sun and the Motion of the Earth. How justly and prudently those Censures were passed, and how undeservedly certain men speak against them, or do not yet acquiesce in them, is plain from what has been said in this whole Section from chapter 4 onward. And this Section — as the part of this volume and of my work which I have most especially aimed at — I, with the greatest thanksgiving, congratulate myself on having, by God's help, brought to its wished-for end; for I desired that it should be as it were an Apology for the Sacred Congregation of the Cardinals, who pronounced the aforesaid censures from the tribunal: not so much because I should think that so high a summit of Authority and Eminence stood in need of this my labor, especially among Catholics, as for the love of the Truth — to be persuaded of by anyone, even a non-Catholic — and out of a certain signal zeal and study for keeping Sacred Scripture whole and entire; and finally, for that [reverence] which I owe, by my own particular Institute, toward the Holy Catholic and Apostolic Roman Church, in Reverence and Observance.

Be it then THE SINGLE CONCLUSION, and the only one to be embraced in this controversy.


It is to be asserted absolutely that the Earth rests naturally Immovable at the center of the World, and that the Sun is moved around it with a motion both Diurnal and Annual.



It is proved: first, because the opposite is manifestly repugnant to Sacred Scripture taken according to the letter (as it must be taken, so long as there is no absurdity), as we have shown from chapter 36 to 39 inclusive; secondly, because the opposite was condemned as Heretical — or, as concerns the Earth's motion, at least as Erroneous in Faith — by the Sacred Congregation of the Cardinals deputed by the Supreme Pontiffs Paul V and Urban VIII, as is plain from the preceding chapter 40; and lastly, because the opposite is contrary to Physical evidence and to certain Physico-Mathematical demonstrations, according to what has been said more than once, especially in chapter 35.


[A decorative tailpiece woodcut (grotesque foliage flanking an IHS monogram) closes Section IV here.]

[End of Section IV, "On the System of the Moved Earth." The catchword "SECTIO" points to Section V, "On the Harmonic System of the World" (De Systemate Mundi Harmonico), which begins on p. 501 (PDF 536) — beyond the scope of this Section IV translation.]




Chapter I, On the Necessity of this Section, and on the Authors who have treated of Harmonic Proportions

[I.] No one a little more learned in Astronomy, who has contemplated the order of the heavens, would fail to acknowledge a certain Harmony in the intervals and motions of the Planets; and of what kind and how great it is cannot be neglected by one who professes an accurate treatment of the System of the World and of the heavens. But since there are many things necessary or useful for the Theory and Practice of Music which nevertheless are by no means required for this dissertation on the Harmonic System, yet, lest I should too little satisfy anyone's desire and curiosity, I shall at least point out not a few Authors, from whom, as from springs, he may perhaps slake this thirst, importunate though it be.


[Margin: The chief Authors on Harmonic Proportions.]



They were: Aristotle (section 19 of the Problems — and there Blancanus, on the Mathematical passages of Aristotle, from marginal number 359); Nicomachus (in the Enchiridion of Harmonics); the Musical fragments of Heraclides Ponticus in Athenaeus; Aristoxenus (the 3 books of the Elements of Harmonics, Antonio Gogava translating); Euclid (in the Elements of Music); Panætius (the book On Geometric and Musical Ratios); Vitruvius (bk. 5, ch. 4 — and there Daniele Barbaro and Wilhelm Philander); Pliny (bk. 2, ch. 22, and his interpreters there); Plutarch (the opuscule On Music, with the exposition of Carlo Valgulio); Ptolemy (the Harmonics, with the 3 books of notes, Antonio Gogava translating); Porphyry (on Ptolemy's Harmonics); Cassiodorus (On the disciplines, under the title "On Music"); St. Augustine (On Music); Boethius (the book On Music, with the exposition of Franchino Gaffurio and of Lefèvre d'Étaples); Apuleius and Psellus (On Music); Censorinus (On the Birthday, ch. 11); Isidore (Origins, bk. 3, in the chapter on Music); Martianus Capella (bk. 9 of the Philology); Bede (the opuscule On Music); Macrobius (bk. 2 On the Dream of Scipio, chs. 1–5); Guido of Arezzo (in the Introduction to Music); Berno, Abbot of Cluny; John Fro[…]; Otho the Theoger, Bishop; Othobonus[…] in the books On Music; Josquin des Prez (otherwise called Iusquinus); likewise Jean Richafort, Nicolaus [Wollick/Giselin], Adam of Fulda, … Jacob Obrecht the Fleming; Sixt Dietrich; Gerhard à Salice; Andreas Sylvanus; Nicolaus Craën; Vincenzo Lusitano (in the Musical Compendium); Orazio Tigrini; Pietro Pontio; Stefano Vanneo; … Giovanni and Giorgio Valla; Alypius (in the Isagoge of Music); Artusi (On the imperfection of modern Music); Damião de Góis; Gregor Meyer; Giovanni Spataro of Bologna; Nicola Vicentino; Theodoricus of Augsburg; Girolamo Diruta; Heinrich Glarean (in his Dodecachordon); Lodovico Fogliano of Modena (in the Musica Theorica); Franchino Gaffurio; Gioseffo Zarlino (in the Harmonic Institutions); Vincenzo Galilei (in the Dialogues on Music); Marsilio Ficino (in the Compendium on Plato's Timaeus, chs. 27–35); Scipione Cerreto of Naples; Giovanni Pierluigi da Palestrina; Lodovico Zacconi; Aloysius Denticus; Felice Anerio; Francisco Salinas (Doctor of the School of Salamanca); Sebastián Raval; Illuminato Aiguino; Agostino Pisa (On the percussion of Music); Clavius (in bk. 5 of the Elements, where on Harmonic proportions); Robert Fludd (On the Microcosm and Macrocosm, each of which he contends to have been framed according to Harmonic laws); Johannes Kepler (in the five books of the Harmonics, and in the Mysterium Cosmographicum ch. 12, and in the Epitome of Copernican Astronomy bk. 6, from pp. 840 and 900); Pierre Hérigone (vol. 5 of the Mathematical Course, from p. 573, and more fully in the same vol. 5, p. 802, on Euclid's Music); Marin Mersenne (on ch. 4 of Genesis, from verse 21, and in the paralipomena of the same work from p. 1854); Mario Bettini (Apiarium 10, Proludium 1); and most recently and most learnedly, Athanasius Kircher (in the 10 books of his Musurgia).


[Margin: The chief Authors on the Praises of Music.]



[II.] But concerning the Praises of Music, and its admirable power for many things — but especially for stirring up and composing the motions of the soul, etc. — [see]: Plutarch (the opuscule On Music); Pietro Vanneo (On the power of Music); Martianus Capella (bk. 9, On the Nuptials of Philology and Mercury, ch. 1); Zarlino (part 1 of the Harmonic Institutions, chs. 2–7, and part 2, chs. 4–9); Mersenne (on ch. 4 of Genesis, verse 21); and Athanasius Kircher (passim, but especially bks. 9 and 10 of the Musurgia).




Chapter II, On the Concord of the Heavens in General


[Margin: The concord of the heaven from the Sacred letters.]



[I.] We have a most ancient testimony concerning the concord of the Heavens from the very Founder and Harmost [Tuner] of the Heavens, GOD Himself, when He thus speaks with Job [Job ch. 38]: "Who shall declare the reason of the Heavens, and who shall make the concord of heaven to sleep?" — which passage, although various men interpret variously, yet very many refer to the harmony that shines forth in the motions, and in the intervals and arrangement, of the stars. And so the Chaldee paraphrast: "Who established the stars of heaven in wisdom?" — or, who established the weeks of heaven in wisdom, and who dwelt in the revolution of heaven? But the Tigurine [Zurich] version: "Who shall dictate to the Aether by his wisdom what it should do, and who shall tilt the bottles of heaven?" But Pagninus: "Who has numbered the heavens in wisdom, and the bottles of heaven who [shall stay]; the waters which descend from heaven, who made to rest?" Again, Cajetan and Vatablus interpret thus: "Who so prudently made the heavens in the number in which they are?" And Philippus [of Aquino], in our Pineda upon that passage, interprets the concord of heaven as the arrangement and beauty of the heavens, for which men or Angels praise God; and thus "concord" is there taken objectively, for the object exciting the rational creature to the song and praises of God — in the manner it is said in Psalm 18[19]: "The heavens declare the glory of God."


[Margin: The praises of the Cock.]



But St. Thomas and Lyra add that this saying can be referred to the preceding verse, in which God had said: "Who gave the cock understanding?" — for He subjoins: "Who shall declare the reason of the heavens?" — as if to say: who shall declare to the cock the proportion of the celestial motions, that thence it might discern the appointed hours for crowing? Since indeed the cock, by its own crowing, seems to mark off the four watches of the night at each set of three unequal hours, but most of all the fourth watch; on which account see the praises of the cock in Pliny (bk. 10, ch. 21). Now the word Concentus [concord], in Hebrew, is Nebel, from the root Nabal, which means "to flow down," and, by synecdoche, the vessel by which flowing water is caught and carried — of which kind are wineskins; but since from vessels of this kind certain…


[…continues on p. 502 (PDF 537) with the catchword "aliqua" — "…certain [musical instruments] were made," and the discussion of the Hebrew Nebel as a musical instrument continues.]
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…certain musical instruments [were made of such vessels], it is therefore taken for a Psaltery, or Nablum [Nabla], from the same root Nabal; and so for "concord," as the Vulgate has it; or as Symmachus has it: "Who shall adorn the organs [instruments] of heaven?"; or, with St. Augustine: "Who shall tilt the organs of heaven?" Yet most of the Rabbis, in Pineda, interpret [the "bottles of heaven"] as clouds full of water, or wineskins; and the Royal Bible [Biblia Regia], "the flowing-down of the heavens" — especially when the rain-clouds [pour down] rains with a great sound, which God suddenly makes to fall silent when He brings on fair weather.


[Margin: The symphony of the elements.]



Besides, that [verse] of Joshua, ch. 10 — "Sun, be not moved," and "the Sun stood still" — in Hebrew is dom and vajdom, namely (as the Royal Bible has it) "be silent" and "it was silent": where, metaphorically, by "sound" or "voice" motion is signified, and by "silence," the rest of the heaven; for the fabrications which the Rabbis there invent our [Father] Serarius has sufficiently refuted on that passage. And those words of Wisdom 19, verse 17[18], also make for our point: "For while the elements are turned among themselves, as in an instrument the sound of the quality is changed, and all keep their own sound [time]; whence it can be certainly estimated from the very sight" — which passage our [Fathers] John Lorin and John Pineda excellently interpret [of the harmony of the elements]; and it is most of all illustrated by what Fr. Athanasius Kircher (in bk. 10 of the Musurgia, on the symphony of the elements, from p. 367) adduces, among many other things — the Tetrachord of Orpheus, by whose testimony (with Bryennius) Hypate referred to Earth, Parhypate to Water, Paranete to Air, and Nete to Fire.


[Margin: The Harmony of the World and the heavens, from the Fathers. — St. Augustine.]



[II.] Nor indeed do the Fathers dissent from the Scriptures. St. Augustine, on the harmony of the whole world (bk. 11 of the City of God, ch. 18), said: "God has graced the order of the ages as a most beautiful poem out of certain, as it were, antitheses; and just as contraries set against contraries render the beauty of speech, so, by a certain eloquence not of words but of things, the beauty of the age is composed by the opposition of contraries." He too, on that [verse] of Psalm 148, "his praise is above heaven and earth," says: "What is the praise of God? Is it that He Himself confesses? No, but that all things cry Him aloud — the beauty of all things is, in a manner, a confessing of God. Heaven cries, 'Thou madest me, not I myself'; earth cries, 'Thou foundedst me, not I myself,'" etc.


[Margin: St. Ambrose. — Philo.]



St. Ambrose agrees with him (bk. 4 of the Hexameron, and in the preface upon the Psalms), saying: "The powers of the heavens praise the Lord, they sing psalms to Him; the stars too sing psalms to the Lord." The heaven's more express utterance [tells] that it is engaged in a certain perpetual sweetness of concord, so that its sound is heard to the farthest parts of the earth, where there are certain secrets of nature; nor does this seem foreign to the reason of nature. But before him, Philo (in the book On Dreams) most eloquently: "The heaven, by its perpetual concord, renders a most sweet harmony; which, if it could reach our ears, would excite in us overpowering loves and a mad desire for them — stimulated by which, we would forget the other necessary things, and, leaving aside food and drink, as candidates for immortality, refreshed by the divine concords and songs: such as, when Moses had heard them, he is said for forty days and as many nights to have tasted neither bread nor water." And a little after: "The heaven, the archetypal instrument of Music, seems to have been elaborated for no other reason than that hymns might be skillfully and musically sung to the Parent of things."


[Margin: Boethius.]



Let there succeed to Philo the most knowing of musical proportions, Severinus Boethius (bk. 1 On Music, ch. 2), where he divides Music threefold — namely into Mundane, Human, and Instrumental — the Mundane comprehending the admirable order and consonance of divine providence, especially in the disposition of the heavens; and among other things he says: "How can it be that so swift a machine of heaven should be moved with a silent and noiseless course, even though that sound does not reach our ears?"


[Margin: St. Isidore. — Bede.]



Isidore (bk. 3 of the Origins [Etymologies], ch. 16) says: "Without Music no discipline can be perfect, for nothing is without it. For the World itself is said to be composed of a certain harmony of sounds, and the heaven itself revolves under the modulation of harmony." But much more does Bede write (vol. 1, in the Musica Theorica, p. 406), saying: "While the celestial Music is made up of subtler [bodies], it is rendered most sonorous, without any incongruity, [and] is heard from the higher [bodies] down to the lower; for it is secretly poured forth [into the ears], although on account of habit we do not perceive it — just as those who dwell near the κατάβαθμόν [katabathmon], that is, near the descent [cataract] of the Nile, lack, on account of the magnitude of the sound, the sense of hearing it. But if anyone were born in another world (if that were possible) and should afterward come into this one, he would hear it without any hindrance, and it would please him beyond measure."


[Margin: St. Anselm. — The poet Licentius.]



Similar things has St. Anselm (bk. 1, On the Image of the World): "The orbs of the seven heavens revolve with a most sweet harmony, and by their circuit the sweetest concords are produced. This sound therefore does not reach our ears, because it is made beyond the air, and its magnitude exceeds our narrow hearing." To these is to be numbered Licentius, the Christian Poet, a disciple of St. Augustine, who (as in St. Augustine's Epistle 39, and in Sixtus of Siena, bk. 5 of the Library, annotation 105), speaking of GOD, thus sang:


He fitted numbers to the heavens; and bade them ply / Sonorous measures, and drive on like choral dances.

[Margin: The praise of the number Seven.]



[III.] Let us now hear the outsiders [the pagans], of whom the most ancient, Pythagoras, is said to have attained such fame for this reason — that he taught the whole World to be harmonically arranged (as Athenaeus asserts, bk. 14, ch. 13); but also Plato and Archytas, of whom Plutarch (at the end of the opuscule On Music) said: "But now, friends — what is the highest of all, and what most declares that Music is to be cultivated, has been passed over by you. For Pythagoras, Archytas, Plato, and the rest of the ancient Philosophers proclaimed that the motions of all things and the revolutions of the stars can neither come to be nor subsist without Music: for they contend that GOD the Maker fashioned all things with harmony." Certainly Plato (bk. 10 of the Republic) said that upon each of the celestial orbs sits a Siren; and from the Platonic springs flowed that [saying] of Cicero (bk. 1 of the Tusculans): "When Archimedes bound together in a sphere the motions of the Moon, the Sun, and the five wandering [planets], he accomplished the same thing as He who, in Plato's Timaeus, built the World — GOD — namely, that one revolution should govern motions most unlike in slowness and swiftness." But more fully in the Dream of Scipio, where Scipio himself says:


"'What,' I said, 'what is this sound, so great and so sweet, that fills my ears?' And [Paulus, his father], answering: 'This is that which, produced by the impulse and motion of the orbs themselves — separated by unequal intervals, yet distinguished in due proportion — tempering high notes with low, evenly produces various concords. For such great motions cannot be sped on in silence; and nature brings it that the extremes sound, on the one side low, on the other high. For which reason that highest course of the star-bearing heaven, whose revolution is swifter, is moved with a high and rapid sound; but this lowest, the Lunar, with the lowest. For the earth, the ninth, remaining immovable, always clings in the lowest seat, embracing the middle place of the world. But those eight courses, in two of which is the same force [pitch], produce seven sounds distinguished by intervals: which number is well-nigh the knot of all things. Learned men, imitating this with strings and songs, have opened for themselves a return to this place — as have others who, with outstanding talents, have cultivated divine studies in human life. The ears of men, filled with this sound, have grown deaf; nor is there in you any duller sense: just as, where the Nile rushes down from the highest mountains to the place called Catadupa [the Cataracts], the nation that dwells near the place lacks, on account of the magnitude of the sound, the sense of hearing. But so great is this sound, [made] by the most rapid revolution of the whole world, that the ears of men cannot take it in; just as you cannot gaze upon the Sun with eyes set against it, and your sight and sense are overcome by its rays.'"

[Margin: Macrobius.]



Subscribing to whom, Macrobius (bk. 2, On the Dream of Scipio, ch. 1) [treats] of that sound: "For from the very circuit of the orbs a sound must necessarily be born; because the struck air itself emits a crash; by the very violent collision of the two bodies… From these things, by an unconquerable reasoning, it is gathered that sounds proceed from the revolution of the spheres, and that sound must arise from motion, and that the proportion which is in divine things becomes the cause of the modulation." — This, Pythagoras, first of all the men of the Greek nation, conceived in his mind; and he goes on to narrate by what reasoning Pythagoras, having heard the strokes of hammers in the workshop of an ironsmith, discovered the harmonic proportions. And in ch. 3: "Hence [arises], from the revolution of the celestial spheres…"


[Margin: The ninth Muse.]



Plato, in his Republic, when he treated of the revolution of the spheres, said that upon each sits a Siren — signifying that song is produced by the motion of the spheres; for "Siren," by the Greek interpretation, sounds [as] "singing to God." To this point look also the Fables [Apologues] of the nine Muses: the eight sounds of the spheres, and one greatest concord which consists of all [the rest]. The Theologians too [hold] the musical songs of the spheres, and that ninth Muse which consists of all, to be…


[…continues on p. 503 (PDF 538) with the catchword "esse" — the discussion of the nine Muses and the spheres' concord continues, still within Chapter II.]





(printed p. 503 — Chapter II continues and turns to its central question. The survey of testimonies to celestial harmony concludes with the nine Muses, Pliny, Ptolemy, and others; then the chapter asks whether the heavens' "concord" is proper or metaphorical, under the heading whether the celestial bodies produce a real sound by their motion. The debate is set out: the affirmative ascribed to Pythagoras and reported by Aristotle (who judges it impossible), with lists of authorities for and against, including St. Basil and St. Ambrose.)
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…[the Theologians hold the spheres' songs, and that ninth Muse which consists of all, to] be [the song of the world]. He adds, moreover, from Hesiod, that the eighth of the Muses, who presides over the star-bearing sphere, is Urania; and the ninth is the concord from the sound of all the spheres, and is called Calliope from the beauty of [her] voice; and he concludes: "That the Muses are the song of the world, even the Etruscans know, who called them Camenae, as it were 'the singers,' from singing [canere]." Therefore the Theologians too, approving that the heaven sings, employed musical sounds in [their] sacrifices, etc. And soon after: "In the very hymns of the Gods also, the meters [were composed] by strophe and antistrophe in melodious verses; so that by the strophe the direct [motion] of the star-bearing orb [was imitated], and by the antistrophe the diverse retrograde course of the wandering [planets] was signified — from which two motions the first hymn in nature, to be dedicated to God, took its beginning." He alludes to the passage of Macrobius and of Plato — that hemistich of Angelo Poliziano: "To each his own harmless Siren."


[Margin: The strophe [is] an imitation of the twofold motion of the heaven.]



Furthermore, Pliny (bk. 2, ch. 3), speaking of the motion of the stars, says: "Whether there be an immense sound — and therefore one easily exceeding the sense of [our] ears — from the assiduous whirling of so great a mass rotated, I would not indeed easily say: no more, by Hercules, than [whether there be] the jingling of the stars whirled around together and of their orbs rolling them; or whether it be a concord of sweet and incredible suavity. To us who act within, the world glides by in silence alike by day and by night." In the same book, ch. 22, he reports the Pythagorean distribution of the celestial intervals according to the Musicians' canons, of which below.


[Margin: Psellus. — Censorinus. — Dorylaus. — Martianus Capella.]



Michael Psellus (at the beginning [of his work] on Music) says: "The ancients say that Music contains all things." But more ancient than he, Censorinus (On the Birthday, ch. 11, toward the end), speaking of Pythagoras, said: "Besides many other things which the Musicians treat, he reported that [Pythagoras] showed the stars and this whole World to be εὐαρμόνιον [well-harmonized]." Wherefore Dorylaus wrote that the World is the organ [instrument] of God; the rest concerning Pythagoras, from Censorinus, let us reserve for ch. 7, num. 2. Accordingly, not incongruously, Martianus Capella (On the Nuptials of Philology and Mercury), after the 8th book, which is wholly on Astronomy, immediately subjoined the 9th, which is on Music and is so entitled, where he introduces Harmony thus speaking of herself: "Long ago indeed [I left] the earth-born… I strike the starry orbs of heaven… since the very rapidity of the machine [of heaven] going its round sings together, and acknowledges a melody fitting to its all-sounding pulses."


[Margin: Ptolemy.]



But we have almost forgotten our [own author] Ptolemy, who (bk. 1 of the Harmonics, ch. 2) thus lays down: "It is the Harmonist's aim everywhere to conserve the rational positions of the canon [scale], in no way repugnant to the senses, according to the opinion of the majority; as it is the Astronomer's [aim] to conserve the consonant positions of the celestial motions, the revolutions being observed." And in bk. 3, ch. 8, he refers the configurations [aspects] of the celestial [bodies] to musical laws; and in chs. 9, 10, 11, and 12, he compares the celestial motions to harmonics.


[Margin: Cælius Rhodiginus. — Pietro Gregorio of Toulouse. — Zarlino.]



Cælius Rhodiginus (bk. 5 of the Ancient Readings, ch. 25) asks, or wonders: "In what way it comes about that the rotated whirling of such great orbs is carried in a silent and noiseless circuit — even though, we hearing it less, the wondrous pleasantness of the sounds passes [us] by?" Similarly Pietro Gregorio of Toulouse (bk. 12 of the Syntaxis, ch. 7), defining celestial Music, says: "Celestial Music is that which arises from the ordered disposition of the orbs and Planets, by a concordant and recurring motion, in a definite space." Joseph Zarlino too (part 1 of the Harmonic Institutions, ch. 6) brings forward, according to his erudition, many things concerning the sound of heaven — though unheard by us on account of habituation — and concerning the harmony in the motions and distances of the heavens.

It now remains, from what has been said, to settle the question whether the sound and concord of the heavens is to be taken properly, or rather metaphorically.



Whether the Celestial bodies produce a Real Sound by their motion?


[Margin: The argument for the real sound of the heavens.]



[IV.] The affirmative opinion is attributed to Pythagoras by Macrobius, as we have already seen (bk. 2, on the Dream of Scipio, ch. 3); but much earlier by Aristotle, who treats this very controversy in bk. 2 On the Heaven, from text 52. For at text 52 he says: "It seems to some necessary that a sound be made by the carrying-along of such great bodies; since [a sound] arises from the carrying-along of the bodies which are among us, which nevertheless have neither such a mass nor such a velocity as do the Sun and the Moon. How then, when so many stars, so great in multitude and magnitude, are borne along with such velocity, is it impossible that some immense sound be made? Nor does it stand in the way that the sound is not perceived by us; for the cause is, that straightway from [our] birth this sound is present and occupies the ears, so that — by the lack of comparison with its contrary, silence — it is not manifest; since the discernment of sound and silence is mutual." He adds the likeness from the ears of smiths, accustomed to the sound — alluding to that workshop in which Pythagoras, by the hearing of hammers, learned the harmonic proportions (on which see Macrobius, bk. 2 on the Dream of Scipio, ch. 1). These [words] of Aristotle are at the end of text 52.

Wherefore: "just as to smiths, on account of habituation, nothing seems [to be heard], the same happens to all men: these things, which were said from the beginning, are wittily and musically said; [but] it is impossible that this should really be so." — This is at text 54, where Aristotle himself reports and rejects the Pythagorean opinion (he did not, however, name the earth; namely at text 52, saying that it was "wittily and excellently said by those who affirmed this," yet not true).

[V.] The same [persuasion] Censorinus most anciently attributes to Pythagoras (in the book On the Birthday, ch. 11), which we shall adduce below (ch. 7, num. 2). This persuasion of Pythagoras concerning celestial Music — to speak with the Conimbricenses (On the Heaven, ch. 9, q. 1) — occupied the minds of very many by its sweetness, so that most [philosophers] asserted, in particular, that a sound is excited from the mutual collision of the celestial bodies, which we do not perceive — whether on account of distance, or of habituation, or because our hearing has been dulled already from infancy. Among whom [who held this opinion], openly indeed, were: Philo (the book On Dreams) and Cicero (in the Dream of Scipio); and — though he may seem to doubt — Macrobius (bk. 2 on the Dream of Scipio, chs. 1 and 3); Martianus Capella (bk. 9 on the Nuptials of Philology); Bede (in the Musica Theorica); Anselm (bk. 1 On the Image of the World); Cælius Rhodiginus (bk. 5 of the Ancient Readings, ch. 25); and Joseph Zarlino (part 1 of the Harmonic Institutions, ch. 6), as is plain from their words reported under numbers 2 and 3; and to the same opinion are favorable St. Ambrose (in the preface on the Psalms), St. Isidore (bk. 3 of the Origins, ch. 16), Plutarch (in the opuscule on Music), and finally reason itself, drawn from those things which we experience in other bodies.


[Margin: The Authors against the real sound of the heavens.]



Yet the contrary opinion — denying a real sound from the heavens — together with the Philosopher [Aristotle], the Peripatetics have followed: Aristotle himself from text 53 to 56; the Conimbricenses (2 On the Heaven, ch. 9); Amici (tract 5 On the Heaven, q. 6, dub. 10); the Abulensis (on the chapter of Joshua, q. 14); Vallés (On Sacred Philosophy, ch. 36); Salinas (bk. 5 of the Harmonics, chs. 4 and 8); Serarius (on ch. 10 [of Joshua], q. 13); Lorin (on Psalm 18[19], at that verse "their sound went out into all the earth"); likewise Sixtus of Siena (bk. 5 of the Holy Library, annotation 105); and [the commentators] on ch. 38 of Job, verse 37; and not a few of the Fathers — including St. Basil (in the scholia on Psalm 18[19]), where, expounding that [verse] "There are no speeches nor languages," he subjoins: "they emit no speech, nor utter any word, but by the showing-forth of their order they call the whole earth to the praise of God"; and in Homily 1 of the Hexameron he calls the Pythagorean opinion a "sorcerous imposture," and "flabby with rot."


[Margin: St. Ambrose [against].]



But more fully St. Ambrose (bk. 2 of the Hexameron, ch. 2): when he had reported the opinion of the Philosophers, who affirmed that a sweet sound is rendered by the impulse and motion of the celestial globes but is not perceived by us — just as neither [is] the roar of the Nile [perceived] by the dwellers at the cataracts — he subjoins: "But the truth itself easily answers these things. We who hear thunders, generated by the collision of clouds [— why do we not also hear] the revolutions of the orbs, which surely, the greater [they are], so much the more vehement sounds would they excite, just as they are reckoned [to move] by [a greater] motion?" — Although this holy Doctor brings forward another reason for [the imperceptibility of] this imperceptible sound, nor does he dissolve [the difficulty], while he sub-…


[…continues on p. 504 (PDF 539) with the catchword "sub-" — St. Ambrose's further reasoning, and the resolution of the question, within Chapter II.]





(printed p. 504 — Chapter II concludes, then Chapter III begins. The case against a real celestial sound is finished: Ambrose's final-cause reason (the sound withheld lest men abandon their business), Aristotle's physical arguments from On the Heaven, and additions from the Conimbricenses, Riccioli, and Kepler, who denies any sounds in heaven. Chapter III, "On Proportions, and especially on Harmonic ones," then opens the mathematical groundwork with definitions of part, ratio, and proportion, and the five genera of rational proportion, beginning with the Multiplex and Superparticular.)
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…he subjoins: "They add, besides, that this sound therefore does not reach the earth, lest men, captivated by its sweetness and by the charm which that most swift motion of the heavens produces from the Eastern parts to the West, should abandon their proper business and labors, and all things here remain idle, [the human soul being carried away] to the celestial sounds by an ecstasy of the mind." — Which reason, drawn from the final cause, we have already reported from Philo above. The same St. Ambrose (in the book On Isaac and the Soul), at that version of Aquila, "Sounding like the Sun," hints that by that revolution of the celestial axis, and by the course of the Sun and Moon and stars, the song of the globes is expressed. By which [words] he too seems [to be one] of ours; who, since [the opinion] finds no credence, yet on account of the charm of its sweetness is not rejected outright. And in the preface to the Psalms of David he says: "The discourse of certain men holds that the very axis [of heaven] is engaged in a certain perpetual sweetness of concord, so that, if habituation permitted, its sound would be heard in the farthest parts of the earth," etc. — from which it is clear that he speaks [in reporting] another's opinion. Besides these, St. Irenaeus (in his work Against Heresies) and St. Epiphanius (bk. 1 of the Panarion) reckon this too among the heresies of the Marcosians [the followers of Marcus]: that they ascribed a real sound of the stars to the heavens.


[Margin: Arguments against the real sound of the heavens.]



[VI.] But the Arguments of Aristotle are these (bk. 2 On the Heaven, texts 53 and 54): "If [the bodies] of the heaven emitted as great a sound as befits them, it would come about that, although we should not perceive it by the sense of hearing, yet by touch, so to speak, we should perceive it; for sounds, when they exceed [measure], destroy even inanimate bodies — as the sound of thunder shatters certain stones, or makes them tremble and shakes them. Since, then, we perceive no such sound either by hearing or by any other sense, we say, more reasonably, that there is no [such] sound." Again, at texts 54, 55, and 56, he teaches that the stars themselves do not produce a sound, because they are not moved by themselves but by the motion of their orbs (as a sailor by the motion of his ship); and that the orbs themselves are not in air or in fluid Fire — [that is], in a medium suited to sound; and finally, that in that which is carried [smoothly] and makes no stroke [blow], it is impossible that a sound be made. For not any mutual rubbing of two bodies suffices for sound, especially if their surfaces are most polished; but there is required a cutting of air or water or of some intercepted fluid body, struck by an interrupted [percussive] motion.

The Conimbricenses add that it would come about that the sound of the heavens would be perceived by those who, having for many years lacked the use of hearing (the organ being corrupted by some disease), [should] recover their hearing [— if there were such a sound]. I add, for my part, that just as the perpetuity of light does not hinder the eye, whereby it should discern it the less, so the perpetuity of sound would not hinder [the ear], so that we should not hear the sound; nor for that is silence or rest required. It seems, however, [a thing to be examined], whether any sound at last, in the fluid Aether, [reaching] as far as the sphere of the Fixed [stars], could be produced — whether from the Firmament itself, or from the bodies of the Planets themselves — [and whether it] could reach us: both on account of the thinness of the Aether itself, which yields to their motion with almost no resistance, and on account of their huge distance from us. But Kepler, who thinks the sphere of the Fixed [stars] immobile, says thus of the others (bk. 5 of the Harmonics, ch. 4): "Now there are no sounds in the heaven, nor is the motion so turbulent that a shriek is elicited from the friction of the celestial breeze."




Chapter III, On Proportions, and especially on Harmonic ones


[Margin: Aliquot and aliquant part.]



[I.] A Part, according to Euclid (bk. 5), is a magnitude which measures a greater magnitude as [a part of] the whole; and if it measure [it] perfectly — so that, replicated some number of times, it equals its whole — it is called an aliquot part, as 2 with respect to 8. But if, when replicated, it exceeds the whole or falls short — as 2 with respect to 9 — it is called aliquant; for the binary [2], taken four times, falls short of the nine, but taken five times exceeds it.


[Margin: What are Ratio and Proportion?]



A Ratio is the mutual relation, according to quantity, of two magnitudes of the same kind. Proportion, however — which the Greeks call ἀναλογία [analogia], and some Latins "Proportionality" — [is the likeness of ratios]. [A proportion] is such, for example, between [a line] of six palms [and one of four]; for it can be expressed by numbers, so that such a proportion is between two commensurable [magnitudes], or [magnitudes] having a common aliquot part which can exactly measure each of them — of which kind [of measure] is the unit of an integer number; and therefore a rational proportion cannot [exist] except between numbers, or [magnitudes] reducible to numbers, as between 3 and 6.


[Margin: Rational and irrational proportion.]



But an irrational proportion is that which cannot be expressed by numbers, and this is found only between continuous quantities — of which kind of proportion, or incommensurability, is that between the Diameter and the side of any Square, as Euclid demonstrates (bk. 10, toward the end); for no aliquot part can be assigned between those lines, nor can their proportion be expressed by any numbers.


[Margin: Proportion of Equality and of Inequality, of greater or of lesser.]



Secondly, Proportion is divided into the Proportion of Equality (such as between 20 and 20, or between 100 and 100) and the Proportion of Inequality (which is between two unequal quantities, as between 20 and 10). And this is subdivided into the proportion of Greater and of Lesser Inequality — according as a quantity is compared, either greater with lesser as the antecedent with the consequent (e.g. 4 with 2), or lesser with greater (e.g. 2 with 4, putting the lesser in the antecedent and 4 in the consequent).

Thirdly, the Rational Proportion — both of greater and of lesser inequality — is subdivided into five genera, of which the first three contain the simple [ratios], the remaining two the compound. The simple [ratios] of greater inequality are: Multiplex, Superparticular, and Superpartient. The compound are: Multiplex-superparticular and Multiplex-superpartient. To which, if you add the prefix Sub-, you will have just as many genera of rational proportions of lesser inequality: Submultiplex, subsuperparticular, subsuperpartient, submultiplex-superparticular, and submultiplex-superpartient.


[Margin: Multiplex proportion.]



[II.] The Multiplex Proportion is the relation of a greater quantity to a lesser, [the lesser] exactly measuring the greater — of which kind is the proportion between 4 and 2, between 20 and 4, between 100 and 5. And its species are infinite in number: namely double, triple, quadruple, etc., according as the greater quantity contains the lesser twice, thrice, four times, etc.


[Margin: Superparticular proportion.]



The Superparticular Proportion is when the greater quantity contains the lesser once only, and besides one aliquot part of it — whether that part be a half, or a third, or a fourth, and so on infinitely. The species of these proportions are distinguished by the particle Sesqui as their characteristic, with the number of the aliquot part adjoined. And so the Sesquialteral proportion is so called when the greater contains the lesser once and, besides, a half of the lesser — of which kind is the proportion 3 to 2, which in Greek is called ἡμιόλιος [hēmiolios], because ἥμισυ means "half" and ὅλος "whole," as if you should render it "whole-and-a-half." But if the greater contains the lesser once and, further, a third, or a fourth, or a fifth, or a hundredth, or a thousandth part of the lesser, it is called a sesquitertian, sesquiquartan, sesquiquintan, sesquicentesimal, sesquimillesimal proportion, and so of the rest — some examples of which it pleases [me] here to subjoin, comparing the upper number with the lower:




	Superparticular proportion (Greek name)
	Examples (greater : lesser)





	Sesquialtera (ἡμιόλιος, 3 : 2)
	3 : 2 · 9 : 6 · 15 : 10 · 36 : 24 · 45 : 30



	Sesquitertia (ἐπίτριτος, 4 : 3)
	4 : 3 · 12 : 9 · 20 : 15 · 24 : 18 · 100 : 75



	Sesquiquarta (5 : 4)
	5 : 4 · 15 : 12 · 30 : 24 · 60 : 48 · 100 : 80






[Translator's note — the figures above are read from a small engraved "Table of Examples of Superparticular Proportions"; a few cells are only partly legible, but every pair in each row reduces to that row's ratio (3:2, 4:3, 5:4).]

[…continues on p. 505 (PDF 540) with the catchword "Resi-" — the remaining superparticular species and the Superpartient proportions, still within Chapter III.]





(printed p. 505 — Chapter III continued: the complete catalogue of the genera of rational proportion, each with an engraved table of examples. The superparticular table is finished, then the Superpartient proportion is defined and tabulated, followed by the two compound genera — the Multiplex-superparticular and the Multiplex-superpartient — each with its own table of examples.)
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[Remainder of the Preceding Table — superparticular proportions]

(Residuum Tabulae Praecedentis — each proportion is shown in its base ratio and four further equivalent example-pairs, comparing the upper number with the lower.)




	Superparticular proportion
	Base ratio
	Equivalent example-pairs (upper : lower)





	Sesquiquinta
	6 : 5
	18:15, 30:25, 48:40, 90:75



	Sesquisexta
	7 : 6
	21:18, 35:30, 70:60, 98:84



	Sesquiseptima
	8 : 7
	24:21, 40:35, 72:63, 96:84



	Sesquioctava
	9 : 8
	27:24, 45:40, 72:64, 99:88



	Sesquinona
	10 : 9
	30:27, 40:36, 80:72, 100:90



	Sesquidecima
	11 : 10
	44:40, 77:70, 121:110, 132:120



	Sesquicentesima
	101 : 100
	202:200, 303:300, 404:400, 505:500






[Margin: Superpartient.]



[III.] The Superpartient proportion is when the greater quantity contains the lesser quantity once only, and besides several aliquot parts of the lesser which together exceed one [single] aliquot part — excepting unity, otherwise it would turn out superparticular. Such is the proportion between 8 and 5. The species of this proportion are usually distinguished by two characteristics: the one, expressed by the particles bi-, tri-, quadri-, quintu-, sextu-, septu-, octu-, etc., indicates the number of aliquot parts which the greater quantity contains [over and above the whole]; the other denominates the proportion of those very aliquot parts to the lesser quantity which they measure. For example, the proportion of the number 8 to 5 is called Supertripartiens quintas, because 8 contains 5 once, and besides three fifth-parts of that five (which are three units); and so of the rest. Examine some examples in the following table, comparing the upper with the lower number:




	Superpartient proportion
	Base ratio
	Equivalent example-pairs (upper : lower)





	Superbipartiens tertias
	5 : 3
	20:12, 50:30, 100:60



	Superbipartiens quintas
	7 : 5
	35:25, 63:45, 98:70



	Supertripartiens quartas
	7 : 4
	21:12, 70:40, 98:56



	Supertripartiens quintas
	8 : 5
	40:25, 80:50, 96:60



	Superquadripartiens quintas
	9 : 5
	27:15, 49:35, 99:55



	Superquintupartiens sextas
	11 : 6
	44:24, 77:42, 99:54



	Supersextupartiens septimas
	13 : 7
	65:35, 91:49, 130:70



	Superseptupartiens octavas
	15 : 8
	60:32, 90:48, 120:64



	Superoctupartiens nonas
	17 : 9
	51:27, 85:45, 170:90



	Supernoncupartiens decimas
	19 : 10
	57:30, 95:50, 190:100






(In the Superquadripartiens-quintas row, the third example is printed "49 : 35," which reduces to 7:5, not 9:5 — an apparent printer slip for 63:35.)

[Sub-heading: Compound Proportions.]

[Margin: Multiplex-superparticular.]



[IV.] The Multiplex-superparticular proportion is when the greater quantity contains the lesser several times — say twice, thrice, or four times, etc. — and besides one aliquot part of the lesser. Of which kind is the dupla-sesquiquarta: for the Novenary [9] contains the quaternary [4] twice, and besides a fourth part of the four; and therefore it is called dupla-superparticular-sesquiquarta — dupla because it contains the lesser twice, sesquiquarta because it contains besides a fourth part of the lesser. The species of this proportion, compounded from the Multiplex and the Superparticular, are therefore infinite in number; for [the one part] is expressed by dupla, tripla, quadrupla, etc., and [the other] by sesqui- with its species (sesquialtera, sesquitertia, sesquiquarta, etc.). These being combined together, there arises the proportion dupla-sesquialtera, dupla-sesquitertia, dupla-sesquiquarta, etc.; or tripla-sesquialtera, tripla-sesquitertia, tripla-sesquiquarta, etc.; and so of the rest. Look at some examples in the following little table, comparing the upper number with the lower:




	Multiplex-superparticular proportion
	Base ratio
	Equivalent example-pairs (upper : lower)





	Dupla sesquialtera
	5 : 2
	25:10, 60:24, 100:40



	Dupla sesquitertia
	7 : 3
	35:15, 70:30, 98:42



	Tripla sesquialtera
	7 : 2
	35:10, 70:20, 98:28



	Tripla sesquitertia
	10 : 3
	40:12, 60:18, 100:30



	Tripla sesquiseptima
	22 : 7
	66:21, 110:35, 176:56



	Decupla sesquitertia
	31 : 3
	93:9, 248:24, 341:33






[Margin: Multiplex-superpartient.]



[V.] The Multiplex-superpartient proportion is when the greater quantity contains the lesser several times, and besides several aliquot parts of the lesser which do not constitute one [single] aliquot part — of which kind is the proportion 11 to 3; for it contains the ternary [3] three times, and besides two thirds of the ternary, which do not make one [single] aliquot part (otherwise the proportion would be multiplex-superparticular). The species of this genus are infinite in number, and take their denomination partly from the species of the Multiplex proportion (namely from dupla, tripla, etc.), partly from the species of the superpartient proportion: so that, the denominations being combined, there arises dupla-superbipartiens-tertias, dupla-supertripartiens-quartas, dupla-superquadripartiens-quintas, etc.; likewise tripla-superbipartiens-tertias, tripla-supertripartiens-quartas, etc. A specimen [is] in the following table, comparing the upper with the lower:




	Multiplex-superpartient proportion
	Base ratio
	Equivalent example-pairs (upper : lower)





	Dupla superbipartiens tertias
	8 : 3
	32:12, 80:30, 96:36



	Dupla supertripartiens quartas
	11 : 4
	44:16, 110:40, 220:80



	Dupla superquadripartiens quintas
	14 : 5
	42:15, 140:50, 280:100



	Tripla superbipartiens tertias
	11 : 3
	33:9, 110:30, 220:60



	Tripla supertripartiens quartas
	15 : 4
	60:16, 90:24, 120:32



	Dupla superquintupartiens sextas
	17 : 6
	51:18, 85:30, 170:60



	Quincupla supertripartiens quintas
	28 : 5
	56:10, 84:15, 280:50






[…continues on p. 506 (PDF 541) with the catchword "VI." — paragraph VI completes Chapter III, after which Chapter IV (on the consonances and dissonances) begins.]





(printed p. 506 — Chapter III concludes its theory of proportion. It is proved from Euclid that there can be no more than the five genera of rational proportion; then a sub-section treats Arithmetic, Geometric, and Harmonic proportionality ("means"), defining each with examples and showing the harmonic mean embodies the chief consonances. A rule for finding three numbers in harmonic proportionality follows, with the remark that deeper music theory is omitted since the aim is only whether harmonic proportionality is found in the stars' motions.)
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[VI.] But that there cannot be given more Rational Proportions than the aforesaid five — both of greater and of lesser inequality — is established from this: that since any commensurable quantities whatsoever (between which there is a rational proportion) have between themselves that proportion which number has to number, as Euclid demonstrated (bk. 10, prop. 5), a greater number cannot be compared to a lesser in other ways than the five aforesaid. For the greater either contains the lesser some number of times exactly, that is, with no appendage [multiplex]; or contains it once, and besides one aliquot part of the lesser [superparticular]; or contains it once, and besides several aliquot parts of the lesser not making one [single] aliquot part [superpartient]; or contains the lesser several times, and over that one aliquot part of the lesser [multiplex-superparticular]; or, finally, contains the lesser several times, and besides several aliquot parts not making one aliquot part [multiplex-superpartient]. As regards the Denominators of [each] proportion, see our [Father] Clavius, on bk. 5 of Euclid, from p. 540 (as I have it) of the Roman edition of the year 1589.



On Arithmetic, Geometric, and Harmonic Proportionality


[Margin: Arithmetic proportionality.]



[VII.] Boethius, Jordanus Nemorarius, and many other Arithmeticians call the aforesaid proportionalities Means [Medietates].

ARITHMETIC Proportionality, or Mean, is when three or more numbers progress by the same difference — as are these numbers 4, 7, 10, 13, 16; for each of them exceeds its antecedent by three. And if this be done continuously, it is called a continuous proportionality; but if they be set with a leap and an interruption — for example, 4, 7 and 8, 11 and 30, 33 — it is called discrete.


[Margin: Geometric proportionality.]



GEOMETRIC Proportionality, or Mean, is when three or more numbers keep the same proportion among themselves — and this is, properly, Analogy or proportionality — of which kind is the subtriple in these numbers 2, 6, 18, 54, 162; which, if it thus progress continuously, is called continuous; but if it be interrupted, discrete, as in 2, 6 and 54, 162.


[Margin: Musical [Harmonic] proportionality.]



HARMONIC, or Musical, Proportionality or Mean, is when three numbers are so ordered that the proportion of the greatest to the least is the same as [the proportion] of the difference between the two greater to the difference between the two lesser — of which kind is [the case] in these numbers 3, 4, 6; for the proportion of 6 to 3 is double, and the difference of the greatest [two] is 2 [6 − 4], and of the least [two] is 1 [4 − 3], between which is likewise a double proportion. In these [harmonic] numbers, the terms neither progress by the same difference (as in the Arithmetic) nor by the same proportion (as in the Geometric). Another example of Harmonic proportionality is in these numbers 42, 12, 7. It is called Musical or Harmonic because it usually has those proportions in which the Musical Consonances consist. For in the former example [3, 4, 6]: between 6 and 4 is the sesquialteral proportion, constituting the consonance called Diapente or the Fifth; between 4 and 3 is the sesquitertian proportion, constituting the consonance called Diatessaron or the Fourth; and finally, between the extreme numbers 6 and 3 is the Double proportion, constituting the consonance called Diapason or the Octave — and so of most others, as Kepler too sets forth (bk. 3 of the Harmonics, ch. 3).

The five genera of ratio, each with example species, are displayed in a table (after Kepler, Harmonics III.3) — its first three rows printing at the foot of this page, the last two at the top of p. 507:




	Genus of ratio
	Example species





	In the Multiplex genus
	Dupla, Tripla, Quadrupla



	In the Superparticular genus
	Sesquialtera, Sesquitertia, Sesquiquarta



	In the Superpartient genus
	Superbipartiens tertias, Supertripartiens quartas, Superquadrupartiens quintas



	In the Multiplex-superparticular genus
	Dupla sesquialtera, Tripla sesquitertia, Dupla sesquiquarta



	In the Multiplex-superpartient genus
	Dupla superbipartiens tertias, Dupla supertripartiens quartas, Dupla superquadrupartiens quintas





Hence it is clear that the aforesaid definition of harmonic proportion is not empty, since the cause of harmony is to be taken from the division of the circle into aliquot parts, according to what is to be said in chapter 4 [below].


[Margin: The properties of the three proportionalities. — The first property.]



[VIII.] Furthermore, the aforesaid three Proportionalities are distinguished among themselves by several notable properties, which Clavius reviews (on bk. 5 of Euclid, from p. 555):


	First, that in the Geometric the proportion of the greatest to the mean is the same as that of the mean to the least of the three numbers; but in the Arithmetic the proportion of the greatest to the mean is less than that of the mean to the least, whereas in the Musical it is greater.

	Second, that the Arithmetic has the differences of its terms equal but their proportions unequal; the Geometric, on the contrary, has the differences of the terms unequal but the proportions equal; and the Harmonic, finally, has neither the differences nor the proportions equal.

	Third, that in the Arithmetic the sum of the extremes is double the mean; but in the Geometric and the Harmonic the sum of the extremes exceeds double the mean by that number by which the difference of the greater [terms] exceeds the difference of the lesser.

	Fourth, that in the Geometric the number produced by multiplying the first into the third is equal to the square of the mean; but in the Arithmetic the first and third multiplied together produce a number which the square of the mean exceeds by that number which arises from the difference of the lesser multiplied into the difference of the greater.

	Fifth, that in the Harmonic, finally, the number generated from the multiplication of the extremes among themselves exceeds the square of the mean by that number which arises from the difference of the lesser multiplied into the difference of the greater.



The rest see in Clavius (p. 597), and [observe] how Kircher too (bk. 3 of the Musurgia, ch. 2) teaches to find three numbers of harmonic proportionality, thus:

To find three Numbers in Harmonic Proportionality

From three numbers in Arithmetic proportionality, multiply the mean by [each of] the extremes, and you will have the extremes of a Harmonic proportionality; and conversely, the extremes of a Harmonic [proportionality], multiplied into one another, generate the [harmonic] mean — as in the four following examples:




	Arithmetic
	→ Harmonic





	1, 2, 3
	2, 3, 6



	3, 7, 11
	21, 33, 77



	4, 6, 8
	24, 32, 48



	10, 60, 110
	600, 1100, 6600





But how such proportions are to be continued, and other problems pertaining thereto are to be solved, is handed down — in the same place — by Clavius and Athanasius Kircher; by Zarlino (part 1 of the Harmonic Institutions, from ch. 31 to 44); and by Lodovico Fogliano (Musica Theorica, section 1, especially from ch. 9) — matters of which we do not now treat. [We inquire] only whether the Harmonic proportionality, or Musical Mean, is found in the motions and intervals of the stars, or is to be sought there. For, as Pietro d'Abano said (on Aristotle's Problems): "It is the mean that generates Harmony"; since the mean of three strings, according to the ratios of the extremes, generates the sweetest concord to the ears.

It pleases [me], however, in this [part] of the chapter to subjoin, in each of the five Genera of Proportion, three examples of Harmonic proportionality among three [numbers] — the generating pair being the "Roots," the resulting three-term harmonic mean the "Proportionality." The table begins here and continues at the top of p. 507:




	Roots
	Harmonic Proportionality





	1, 2
	3 · 4 · 6



	1, 3
	2 · 3 · 6



	1, 4
	5 · 8 · 20



	2, 3
	10 · 12 · 15



	3, 4
	21 · 24 · 28



	4, 5
	36 · 40 · 45



	3, 5
	12 · 15 · 20



	4, 7
	44 · 56 · 77



	5, 9
	35 · 45 · 63



	(…, 5)
	14 · 20 · 35



	(…, 10)
	39 · 60 · 130



	(…, 9)
	52 · 72 · 117



	(…, 8)
	33 · 48 · 88



	(…, 11)
	60 · 88 · 165



	(…, 14)
	98 · … · 166






[Translator's note — the figures are read from the engraved "Roots / Harmonic Proportionalities" table, whose final six rows print at the top of p. 507; in those rows only the second root and the harmonic triple are clearly legible, and one cell is illegible (shown as "…").]

[…continues on p. 507 (PDF 542) with the catchword "Radi-" (Radices, "Roots") — the remainder of the table of harmonic proportionalities, still within Chapter III; Chapter IV (on the consonances and dissonances) follows.]





(printed p. 507 — the summary tables of Chapter III conclude, then Chapter IV begins, on the discoverers, number, and nomenclature of consonant and dissonant intervals and the division of the monochord. Riccioli traces music's origin to Lamech's house in Genesis 4 and recounts the legend of Pythagoras and the hammers, whence the axiom that sound answers to magnitude. He then treats which intervals Pythagoras admitted as consonances (only the simplest ratios of the Tetractys), and the two sects — the Canonici, who trust ratios, and the Harmonici, who trust the ear — with Ptolemy taking a middle way.)
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[At the top of this page the two tables of Chapter III finish (both are shown complete on p. 506): the genera-of-ratio table is completed by its last two rows — In the Multiplex-superparticular genus: Dupla sesquialtera, Tripla sesquitertia, Dupla sesquiquarta; In the Multiplex-superpartient genus: Dupla superbipartiens tertias, Dupla supertripartiens quartas, Dupla superquadrupartiens quintas — and the "Roots / Harmonic Proportionalities" table is completed by its last six rows (the harmonic triples 14·20·35; 39·60·130; 52·72·117; 33·48·88; 60·88·165; 98·…·166).]




Chapter IV, On the Discoverers, the Discovery, the Number, and the Nomenclature of Consonant and Dissonant intervals; and on the simple division of the Monochord


[Margin: The Origin of Music, from Jubal.]



[I.] How great a kinship there is between the Pastoral [shepherd's] art, the Hammering or Iron-smithing art, and the Musical art may be traced from the very first origin of them, since it is established that these three arts were born in one and the same house of Lamech (who was of the stock of Cain) at a near, if not at a single, birth. For holy Moses narrates (Genesis ch. 4), concerning Lamech: "Who took two wives, the name of the one Adah, and the name of the other Zillah. And Adah bore Jabal, who was the father of those dwelling in tents, and of shepherds; and the name of his brother [was] Jubal, who was the father of those who play on the cithara and the organ. Zillah also bore Tubal-cain, who was a hammerer and smith in every work of bronze and iron." — As though even then Music exercised its powers both among the soft kind of songs and sounds, which suits shepherds, and among the hard, which suits the hammerers of metals; and as though it were given to understand that neither can [gentle] minds rightly [be moved], nor fierce [tempers] be ruled or tamed, without a certain harmony.


[Margin: Pythagoras the second discoverer of the consonances.]



And although Berosus the Chaldean and Josephus the Hebrew affirm that the Musical consonances were discovered by Jubal, while with attentive ear he observed the sound of Tubal-cain's hammers; yet afterward — whether that art suffered shipwreck in the Flood, or lay hidden among a few Hebrews — it is said to have arisen again under Mercury, the inventor of the lyre [testudo] (as Diodorus Siculus and Lucian think), or under Apollo, the inventor of the Lyre (as Lactantius prefers), or from Amphion (as Pliny has it). But at last it was reborn to its pristine birth in the iron-smith's workshop, and — as it were half-buried — being roused again by the sound of hammers, it revived. For, as Macrobius reports (bk. 2 on the Dream of Scipio, ch. 1), and from him Boethius: when Pythagoras, passing by a workshop in which smiths were softening glowing iron with their strokes, had heard from the sounds of the hammers (answering one another in a fixed order, and by the alternation of high and low) that something harmonious fell upon his ears, in order to explore whence that consonance arose — whether from the strength and vigor of the smiths' arms, or from the weight of the hammers themselves — he ordered the smiths to exchange the hammers among themselves; and since he heard the same harmoniousness, he did not doubt that it must be ascribed to the diversity of the weights, especially since, when other weights were added, he obtained diverse and not so consonant sounds. Having therefore examined the weights of the hammers, he found that sound stood to sound just as weight to weight of the same material. Then, turning from hammers to strings made from the intestines of sheep and the sinews of oxen, he hung upon them weights in the proportion which he had detected in the hammers; and since those too rendered a similar consonance, he established that universal axiom:


[Margin: The Musical Axiom.]
As magnitude to magnitude, so Sound to Sound.



[II.] Furthermore, among the several consonances [thus found], he received into the Canon [scale] only those which are simplest — because (as Hérigone says, in the Introduction to Music) he wished to remove from things all confusion and inconstancy, and, like a bee, to gather the purest [flowers] and to sip only the dew of the concords. Wherefore he judged that the musical consonances are not to be estimated from the unreliable and inconstant arbitration of the ears, but from certain causes and the proportion of numbers; for he reckoned simplicity to be the mother of consonance, but composition and mixture to be the source of dissonance, and so of inconstancy and uncertainty. Hence it came about that he received into the Canon only those consonances which are drawn from the Multiplex or Superparticular Proportion, within the quadruple inclusive, and no further: namely those between 2 and 1 [the Octave], between 3 and 2 [the Fifth], between 4 and 3 [the Fourth], between 3 and 1 [the Twelfth], and between 4 and 1 [the Double-octave] — which consonances almost alone Boethius too approved (bk. 2, from ch. 16), with the Tone added as a consonance (as he himself affirms, bk. 1), namely by the ratio 9 to 8, or 18 to 16, etc. Furthermore, from the quaternary of numbers within which Pythagoras kept himself, arose the Tetractys, or Pythagorean Quaternary, by which — as by a perennial fountain of the beauty of the intellectual soul — they were wont to swear; of which Zarlino treats more learnedly (Harmonics, ch. 2), and Kepler (bk. 3 of the Harmonics, part 2, ch. 4).


[Margin: The Canonical and Harmonic Musicians.]



Hence likewise arose the sect of the Canonical Musicians, who were called Canonici, because in determining the harmonic intervals and consonances they attributed more to the ratios of numbers than to the senses; who are also called Pythagoreans. To which sect was opposed the sect of the Harmonics — namely of the Aristoxenians — who attributed more to the sense of the ears than to the ratios of numbers abstracted from sensible matter. Among whom Ptolemy, walking a middle way, gave as much to the senses as Aristoxenus, and as much to the ratios as Pythagoras, and therefore approved more consonances than Pythagoras — though not all that Aristoxenus did. And so Ptolemy (bk. 1 of the Harmonics), having said that the harmonic faculty of the soul is to be recognized in discerning the difference of low and high in sounds, and that sound is an affection of struck air, [adds that] the judges of harmony are Hearing and Reason — under the same condition, but Hearing [directed] to the [material], and Reason to the form and cause, and in general: for to the senses it is peculiar that they find the approximate but receive the exact [from reason], whereas Reason receives the approximate [from sense] but finds the exact. From ch. 6 he corrects the Pythagoreans, from ch. 9 the Aristoxenians, from ch. 13 Archytas the Pythagorean, and from ch. 15 (and through the whole [second] book) [he treats] of Reason and Hearing. And the same [Ptolemy], in bk. 1, ch. 2, after he had compared the harmonist with the astronomer in this — that each must, as it were a priori, know [the causes] of the apparent motions, so that the things which appear to the senses be saved — adds: "But in these errors both the Pythagoreans and the Aristoxenians were deceived: for the Pythagoreans, not following the comparison [with sense] in all the cases in which they ought, fitted to the differences of the sounds ratios least congruent with certain experiments [when these were] employed; wherefore they brought a calumny upon this their judgment among the men of the other sect. But the Aristoxenians, attributing too much to those things which they had received through the senses, misused Reason," etc.

Yet not even Ptolemy himself so [corrected the two sects] as to leave nothing for later Musicians to perfect. For whereas the Pythagoreans received only the five consonances called Diapason [the Octave], Dia-tessa-…


[…continues on p. 508 (PDF 543) with the catchword "tessa-" — "Dia-tessaron" (the Fourth) and the rest of the five Pythagorean consonances, still within Chapter IV.]





(printed p. 508 — Chapter IV continued. The nomenclature of the consonances is completed — the five Pythagorean consonances, the Aristoxenian additions (thirds and sixths), and Ptolemy's further admissions — followed by Kepler's critique that number alone cannot explain why some ratios are consonant, and his derivation of the consonances from divisions of the circle by regular figures. A sub-section then gives definitions and axioms pertaining to harmonics: consonance, dissonance, unison, the grades of consonances, and the praise of the Senary.)
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…Dia-tessaron, Diapente, Diapason-diapente, and Disdiapason — which the modern Musicians call the Octave, the Fifth, the Fourth, the Twelfth, and the Fifteenth — the Aristoxenians, for their part, had adopted the Ditone, Semiditone, and the greater and lesser Hexachord (that is, the major Third, the minor Third, the major Sixth, and the minor Sixth), which Ptolemy rejected as not melodious, although all Musicians [now] receive them; and in turn he admitted among the consonances the Diapason-with-Semiditone and the Diapason-with-Ditone, and the Diapason-diatessaron — that is (to speak with the moderns) the minor Tenth, the major Tenth, and the Eleventh, which are harmonious. But besides these he added that which [he reckoned] harmonious between 6 and 7, and that between 7 and 8, and others like them, which are abhorrent to the ears and to the practice of singing; and he omitted the minor and major Third, which today all Musicians accept.


[Margin: The errors, and the cause of the errors. — Ptolemy's consonances.]



[III.] Kepler (bk. 3 of the Harmonics, p. 8) judges the cause of Ptolemy's error to have been that he sought the principle of the consonances from abstract numbers, such as the numbers are; and yet a reason cannot be rendered by numbers why the numbers 1, 2, 3, 4, 5, 6, etc. concur to [form] harmonic intervals, but 7 and 13 and the like do not. For indeed that which in Music is consonant arises from sound, and sound from the quantity of the sounding body — from continuous, not discrete, quantity. Wherefore, as Zarlino notes (part 1, ch. 41), and Valgulius (on Plutarch's Music), and Kepler (bk. 3 of the Harmonics, p. 9), one must seek the causes of the consonances from continuous quantity, since number is not their proximate cause; rather [the cause is] the proportion between the high and the low sound. Granted that that proportion, being rational, is expressed by numbers, and that by numbers the differences of the sounds are found more exactly than by dividing a continuous quantity with compasses.


[Margin: Whence Kepler derives the Consonances.]



[IV.] For the aforesaid causes, therefore, Kepler — having investigated the cause of the consonances in continuous quantity — sought them from the division (or divisions) of a circle into aliquot parts, which he demonstrated can be done Geometrically and scientifically: that is, from the regular and demonstrable plane Figures, so that those sides of the figure, compared with the whole circumscribed circle, [yield] certain consonances which are knowable and have their own demonstration, as we shall show in the Scholia of this chapter. Meanwhile, let us set forth the more common doctrine.



Certain Definitions and Axioms pertaining to Harmonics


[Margin: What is Consonance?]



[V.] CONSONANCE (in Greek συμφωνία, symphonia) is a Ratio between a high and a low sound, pleasant to the hearing — as is gathered from section 19 of Aristotle's Problems; or, as Severinus Boethius defines it (bk. 1, ch. 8): "It is a mixture of high and low, falling sweetly and uniformly upon the ears," to which definition subscribe Glareanus (bk. 3 of the Dodecachordon, ch. 9), Zarlino (part 2 of the Harmonic Institutions), and Kircher (bk. 3 of the Musurgia, in the preface). Otherwise, however, Boethius said: "Consonance is a concord of dissimilar voices reduced into one" — doing this, as some think, so that by the first definition he might cleave to Plato (who referred consonance to likeness), and by the second to Nicomachus (who [referred it] to unlikeness). But Daniel Barbaro (on Vitruvius, bk. 5, ch. 4) said: "Consonance, or Concentus, is a tempered mixture of low and high sounds, pertaining with pleasantness to the ears, arising from the comparison [of a multiplex or superparticular ratio]."


[Margin: Dissonance. — What is a Phthongus? — Unison.]



DISSONANCE, by Kircher's definition, is the unpleasant perception of two sounds mingled with one another. Phthongus (in Greek) is a musical sound; it is called emmeles [in-tune] if [it falls] by [a fitting] case [interval]. Unison is an altogether equal sound, or a twin equal [sound] — which is, in Music, as the point is in Geometry.

There are agreed among the experts in Music these Axioms: (1) A part [of a string] gives a higher sound than the whole; (2) The whole harmonic [string] gives a lower sound than the part — namely because the air, constrained by a part, is vibrated more quickly than by the whole, and more frequently; (3) the higher sound is the quicker, and a large, long, and thick body gives a lower sound. — Tension (in Greek τάσις, tasis) is the state of a voice set in a tone fit for singing. Intension of a string (Greek ἐπίτασις, epitasis) is motion toward a higher sound; but Remission (Greek ἄνεσις, anesis) [is motion] from high to low. Elevation (Greek ἄρσις, arsis) is the pronunciation of a syllable or word with the acute accent; θέσις (thesis) is pronunciation with the [grave] accent.

A Simple Consonance is one which does not contain another consonance; a Composite, one which contains other consonances. By which reckoning the Diapason, the Diatessaron, and likewise the Ditone and Semiditone, and the greater and lesser Hexachord, are called simple; but the Diapason-diapente, the Disdiapason, the Ditone-with-diapason, and the rest of this kind are called composite. A Perfect Consonance is one which so affects the hearing that the appetite rests in it and desires nothing further; an Imperfect, when it does not [bring the appetite to rest], but [the appetite] still desires something further (as Fogliano teaches, Musica Theorica, ch. 5).

Furthermore, among the consonances themselves there are certain grades. For those which arise from the Multiplex or Superparticular genus, and do not extend beyond the ternary, and are simple, are the sweetest and in the first grade — namely the Diapason, whose ratio is 2 to 1, and the Diapente, whose ratio is 3 to 2 (of which the Diapason is the more perfect). But those which arise from the Multiplex or Superparticular genus yet extend beyond the ternary, or [are] within the ternary but composite, are in the second grade — as the Diatessaron, whose ratio is 4 to 3, the Disdiapason (i.e. 4 to 1), etc. And all the rest are in the third grade — which are indeed simple, and arise from the genus of Superparticular proportion, but extend up to the Senary [6] inclusive, beyond the quaternary: of which kind are the Ditone, whose ratio is 5 to 4, and the Semiditone, whose ratio is 6 to 5. All the others are imperfect, either because they do not arise from the Multiplex or Superparticular genus, or because they are beyond the Senary.


[Margin: The Praises of the Senary.]



For although not all the proportions of numbers contained within the Senary beget perfect consonances, yet all the perfect consonances, considered in their least and radical terms, are contained within the Senary — which the Senary, therefore, Zarlino deservedly extols (part 1 of the Harmonic Institutions, chs. 15 and 16), and Athanasius Kircher (bk. 4 of the Musurgia, ch. 4, from p. 186). These perfect [consonances], which are simple, are born from the proportions among the numbers of the Senary [1–6], taken in order, as you see in the following little table — although Zarlino afterward excludes the Ditone and Semiditone from the perfect, that is, from the more perfect:




	Consonance
	(Ratio)





	Diapason
	2 : 1



	Diapente
	3 : 2



	Diatessaron
	4 : 3



	Ditonus
	5 : 4



	Semiditonus
	6 : 5





But Kepler (bk. 3, ch. 2, of the Harmonics) [recognizes] only six [consonances], or, with the Unison, seven.


[Margin: What is a dissonant interval?]



Dissonant Intervals — but Musical and Concinnous [in-tune ones] — are the differences of the Consonances, or parts of them, which, although accord-…


[…continues on p. 509 (PDF 544) with the catchword "secun-" (secundùm) — the definition of the musical dissonant intervals, and the Table of Dissonant Intervals, still within Chapter IV.]





(printed p. 509 — Chapter IV continued, then the first great summary table. The definition of dissonant intervals is finished — they are the degrees by which one passes between consonances — and the rule for finding the difference between two consonances is worked, yielding the sesquioctave 9:8 or greater Tone. The layout of the coming table is explained (names, proportions, species, and genus of each interval), with a philological caution on the Greek names Diapason, Diapente, and Diatessaron; then follows the Table of Consonances in 23 rows.)



(…continuing the definition of dissonant intervals broken off on p. 508:) …which, although in themselves they are not Consonances, are nevertheless degrees by which one ascends or descends from one consonance into another, and serve for discerning them and for composing them aptly — just as the cartilages [serve] the bones.


[Margin: How the difference of Consonances is to be investigated.]



Further, that the difference between two Consonances may be found, and that its proportion-species may be assigned to it, the greater number of the one consonance is to be multiplied by the lesser of the other, and again the greater number of the other consonance by the lesser of the first; for the two numbers thus produced will be the terms of the proportion sought, that is, the difference of those consonances. For example, let the difference between the Diapente, that is 3 : 2, and the Diatessaron, that is 4 : 3, be sought: 3 multiplied by 3 makes 9, and 2 multiplied by 4 makes 8; this proportion, then, of 9 to 8 — that is, the sesquioctave — is the difference between the Diapente and the Diatessaron, and the one which below we shall teach to be called the greater Tone; and so of the rest.


[Margin: Explanation of the following Tables.]



[VI.] It remains that we bring together into a Table the Consonances, perfect and imperfect, and then the Dissonant but concinnous Intervals — the Unison being omitted, since it is the beginning of consonances and not a consonance. In which Table we shall set down the names — Graecolatin, Greek, Italolatin; then the numbers of the proportions in their least and radical terms (which, if each be multiplied by one and the same number, will yield other consonances of the same species, [extendable] to infinity — as if you multiply the Diapente's terms 3, 2 by 10, there result 30, 20, between which is likewise the same species of proportion and the same Consonance); and at last we shall add both the Denomination of the species of whatever proportion, and the Genus of the proportion itself, indicated by these five marks M. S. s. MS. Ms. — of which M signifies Multiplex; S (capital) Superparticular; s (small) Superpartient; MS Multiplex-superparticular; and Ms Multiplex-superpartient.


[Margin: Things to be noted in the nomenclature of the Consonances.]



But one must beware of taking the words Diapason, Diapente, Diatessaron as nominative cases of a singular noun, and inflecting or declining them, as certain unskilled persons do — thus: Diapason, Diapasondos; Diatessaron, diatessarondos; Diapente, diapentes. For in Greek they are genitive plural cases with the preposition διά; and so in Greek they are written διὰ πασῶν, διὰ πέντε, διὰ τεσσάρων — of which the first signifies through all (or about all), the second through Five, and the third through Four. For the Diapason goes through all the concords, and contains in itself radically all the more perfect consonances; and because after seven chords we return to it [as the eighth], it is called by the Practical musicians the Octave. The Diapente is called the Fifth, because it is between voices distant by the fifth degree of the chords, as will be clear from the Diatonic system, which we shall set down in chapter 6, number 3 and 5 — just as the Diatessaron [is called] the Fourth, and the Disdiapason the Fifteenth, etc. Finally, by the opinion of Macrobius (bk. 2 On the Dream of Scipio, ch. 1), the Diapason consists of six tones; the Diapente of three tones and a hemitone; the Diatessaron of two tones and a semitone; the Diapason-diapente of nine tones and a hemitone; and the Disdiapason of twelve tones. With whom agrees Censorinus (On the Birthday, ch. 11) — which will be shown to be true from what is to be said in ch. 6, num. 3, toward the end of the Diatonic System. These things explained, let the Table now stand.



I. TABLE OF CONSONANCES

(I. Tabula Consonantiarum)


Columns: Order · Nomenclature (Graecolatin / Greek / Italolatin) · Proportion in least terms · Species · Genus (M = Multiplex, S = Superparticular, s = Superpartient, MS = Multiplex-superparticular, Ms = Multiplex-superpartient).



PERFECT consonances




	№
	Graecolatin name
	Greek
	Italolatin
	Terms
	Species
	Gen.





	1
	Diapason, Queen of Consonances
	διὰ πασῶν
	Ottava (Octave)
	2 : 1
	Dupla
	M



	2
	Diapente
	διὰ πέντε
	Quinta (Fifth)
	3 : 2
	Sesquialtera
	S



	3
	Diatessaron, Tetrachord
	διὰ τεσσάρων
	Quarta (Fourth)
	4 : 3
	Sesquitertia
	S



	4
	Diapason-diapente
	διὰ πασῶν ἐπὶ διὰ πέντε
	Duodecima (Twelfth)
	3 : 1
	Tripla
	M



	5
	Disdiapason, or Bisdiapason
	δὶς διὰ πασῶν
	Decimaquinta (Fifteenth)
	4 : 1
	Quadrupla
	M



	6
	Ditonus, Third enharmonic
	δίτονος
	Terza maggiore (major/hard Third)
	5 : 4
	Sesquiquarta
	S



	7
	Semiditonus, Third chromatic, Sesquitonus
	τριημιτόνιον
	Terza minore (minor/soft Third)
	6 : 5
	Sesquiquinta
	S





IMPERFECT consonances




	№
	Graecolatin name
	Greek
	Italolatin
	Terms
	Species
	Gen.





	8
	Hexachordum maius, or Tone-with-Diapente
	ἑξάχορδον μέγα
	Sesta maggiore (major Sixth)
	5 : 3
	Superbipartiens tertias
	s



	9
	Hexachordum minus, Semitone-with-Diapente
	ἑξάχορδον μικρόν
	Sesta minore (minor Sixth)
	8 : 5
	Supertripartiens quintas
	s



	10
	Diapason cum Ditono
	δίτονος διὰ πασῶν
	Decima maggiore (major Tenth)
	5 : 2
	Dupla sesquialtera
	MS



	11
	Diapason cum Semiditono
	ἡμιδίτονος καὶ διὰ πασῶν
	Decima minore (minor Tenth)
	12 : 5
	Dupla superbipartiens quintas
	Ms



	12
	Diapason diatessaron
	διὰ πασῶν καὶ διὰ τεσσάρων
	Undecima (Eleventh)
	8 : 3
	Dupla superbipartiens tertias
	Ms



	13
	Diapason cum Hexachordo maiore
	διὰ πασῶν καὶ ἑξάχορδον μέγα
	Terzadecima maggiore (major Thirteenth)
	10 : 3
	Tripla sesquitertia
	MS



	14
	Diapason cum Hexachordo minore
	διὰ πασῶν καὶ ἑξάχορδον μικρόν
	Terzadecima minore (minor Thirteenth)
	16 : 5
	Tripla sesquiquinta
	MS





CONTROVERSIAL, and admitted by few




	№
	Graecolatin name
	Greek
	Italolatin
	Terms
	Species
	Gen.





	15
	Semidiapason
	ἡμιδιάπασον
	Ottava falsa (false Octave)
	4096 : 2187
	✠ ✠
	s



	16
	Semidiapente
	ἡμιδιάπεντε
	Quinta falsa (false Fifth)
	64 : 45
	Superdecennovem-partiens quadragesimas-quintas
	s



	17
	Tritonus
	τρίτονον
	Quarta dura (hard Fourth)
	45 : 32
	✠ ✠
	s



	18
	Ditonus cum Diapente
	δίτονος καὶ διὰ πέντε
	Settima maggiore (major Seventh)
	15 : 8
	Superseptupartiens octavas
	s



	19
	Semiditonus cum Diapente
	ἡμιδίτονος καὶ διὰ πέντε
	Settima minore (minor Seventh)
	9 : 5
	Superquadripartiens quintas
	s



	20
	Sesquisexta; Ptolemaic
	—
	—
	7 : 6
	Sesquisexta
	S



	21
	Sesquiseptima; Ptolemaic
	—
	—
	8 : 7
	Sesquiseptima
	S



	22
	Disdiapason cum Ditono; Zarlino & Kepler
	δὶς διὰ πασῶν ἐπὶ δίτονος
	—
	5 : 1
	Quintupla
	M



	23
	Disdiapason cum Diapente; Zarlino
	δὶς διὰ πασῶν ἐπὶ διὰ πέντε
	—
	6 : 1
	Sextupla
	M






[Translator's notes on the Table: (a) the marks in the rightmost column are Riccioli's five genus-abbreviations as explained in ¶VI. (b) The "✠ ✠" in the Species column for № 15 (4096 : 2187, the Pythagorean diminished octave = 2¹² : 3⁷) and № 17 (45 : 32, the tritone) stand in the original where no compact species-name could be given — their superpartient denominations would be impossibly long. (c) The Italolatin names of № 6–7 and 8–9 carry the Italian "dura / molle" (hard / soft) for major / minor. (d) Rows 20–21 (Ptolemy's 7 : 6 and 8 : 7) and 22–23 (added by Zarlino and Kepler) have no traditional Greek or Italian names, hence the dashes.]






[Below the table, the catchword "II. Tabu-" points to p. 510 (PDF 545), which opens with the Second Table — "Intervalla Dissona, sed Concinnitati servientia" (Dissonant Intervals serving Concinnity: the Tones, Semitones, Diesis, Limma, Comma, Schisma, etc.), followed by Question 1 (which consonances each authority — Pythagoreans, Aristoxenus, Vitruvius, Barbaro, Ptolemy, Euclid, Zarlino, Fogliano, Mersenne, Kircher, Kepler — accepted), Question 2 (why consonances arise rather from ratios of greater than of lesser inequality), and Question 3 (whether a Tone can be divided into two equal semitones).]





(printed p. 510 — Chapter IV continued. The Table of Dissonant Intervals lists fourteen sub-consonant intervals — the greater and lesser Tone, five semitones, the enharmonic Diesis, the Platonic Limma and Apotome, the commas, Schisma, and Diaschisma — with their ratios and genera. Three Questions follow: which consonances each authority accepted; why consonances arise from ratios of greater rather than lesser inequality; and whether a Tone can be split into two equal semitones, which most deny.)



II. TABLE OF DISSONANT INTERVALS

(II. Tabula. Intervalla Dissona, sed Concinnitati servientia continens — "Containing the Dissonant Intervals, yet such as serve Concinnity")


Columns: Order · Varied Nomenclature (with the defining difference) · Proportion in least terms · Species · Genus (S = Superparticular, s = Superpartient).






	№
	Nomenclature (Various)
	Terms
	Species
	Gen.





	1
	Tonus maior (greater Tone), Gr. ἐπόγδοος; to the Practical musicians the "major or perfect Second"; it is the difference between diapente and diatessaron
	9 : 8
	Sesquioctava
	S



	2
	Tonus minor (lesser Tone); the "imperfect Second"; the difference between diatessaron and semiditone, or between diapente and the greater Hexachord
	10 : 9 (also 20 : 18)
	Sesquinona
	S



	3
	Semitonium maius (greater Semitone); the difference between the minor Tone and the Semiditone; by some it is called ἀποτομή (apotome)
	54 : 50 (= 27 : 25)
	Superbipartiens vigesimasquintas
	s



	4
	Semitonium minus (lesser Semitone); the difference between ditone and diatessaron, or between diapente and the lesser Hexachord
	16 : 15
	Sesquidecimaquinta
	S



	5
	Semitonium minimum (least Semitone); the difference between ditone and semiditone, or between the greater and lesser Hexachord; called also diesis Pythagorica or the λεῖμμα (limma) Pythagoricum (so Boethius and Glareanus; but to Vitruvius and Capella it is the fourth part of a Tone, the smallest element of music)
	25 : 24
	Sesquivigesimaquarta
	S



	6
	Semitonium medium (middle Semitone); to Herigone, from Euclid and Mersenne — that which remains if the greater semitone be subtracted from the greater Tone
	135 : 128
	Superseptupartiens centesimas-vigesimas-octavas
	s



	7
	Semitonium maximum (greatest Semitone); in the same Herigone, in the Music of Euclid
	27 : 25
	Superbipartiens vigesimasquintas
	s



	8
	Diesis enharmonica (enharmonic Diesis); to the same Herigone, but to Mersenne [otherwise]; in Aristotle and Suidas written δίεσις, and Glareanus writes δίνωσις
	128 : 125
	Supertripartiens centesimas-vigesimas-quintas
	s



	9
	Limma Platonicum, or semitonium Pythagoricum; the Pythagorean [diesis] to Macrobius, but to Daniel Barbaro and Herigone the Pythagorean semitone — yet to Kircher it is the Pythagorean Limma
	256 : 243
	—
	s



	10
	Apotome Platonica; the Limma taken away from the greater Tone, which [Kircher?] calls the lesser Apotome
	2187 : 2048
	—
	s



	11
	Comma maius (greater Comma), Gr. κόμμα; the difference of the greater and the lesser Tone
	81 : 80
	Sesquioctogesima
	S



	12
	Comma minus (lesser Comma); to Herigone
	10240 : 10125
	—
	s



	13
	Schisma, Gr. σχίσμα; it is the half of a Comma
	4352 : 4330
	—
	s



	14
	Diaschisma, Gr. διὰ σχίσμα; it is the half of a Diesis, or a diesis improperly so called
	162 : 160
	—
	s






From what has been said it is clear that "diesis" is a very equivocal name, since some have used it for one and others for another species of semitone. Macrobius, however (bk. 2 on the Dream of Scipio), says — from the usage of more recent writers — that the Diesis is a sound less than a semitone; and the Practical musicians now, where they wish a half-voice to be employed, append the sign of the diesis.

[Translator's notes on Table II: (a) Several entries are printed in doubled terms (e.g. № 2's "20 : 18," № 3's "54 : 50") — the un-reduced products that arise when the interval is computed as a difference by cross-multiplication; the reduced value follows in parentheses. As a result № 3 (Semitonium maius) and № 7 (Semitonium maximum) coincide at 27 : 25, as printed. (b) The blank Species cells (№ 9, 10, 12, 13, 14) are blank in the original — these ratios (256:243, 2187:2048, 10240:10125, 4352:4330, 162:160) have no compact superpartient name. (c) Latin species-names are kept as in the original; e.g. "Superbipartiens vigesimasquintas" = 27:25 (1 + 2/25), "Superseptupartiens centesimas-vigesimas-octavas" = 135:128 (1 + 7/128).]





Question 1. Which Consonances did the Authors listed below accept?

(Quaestio 1. Quasnam Consonantias acceptarint Authores infrascripti?)

[VII.] That we may answer the question more briefly, in place of the names we shall set down the index-numbers of the consonances, to be sought in Table I, column 1. Besides the Consonances, moreover, nearly all admitted the Tone, the Semitones, the Diesis or Limma, and not a few the Apotome.




	Authority
	Consonances accepted (by Table I number)





	The Pythagoreans, Boethius, Martianus Capella, Macrobius
	1. 2. 3. 4. 5.



	Aristoxenus & Vitruvius, according to Daniele Barbaro
	1. 2. 3. 4. 5. 8. 9. 19.



	Vitruvius himself (bk. 5, ch. 4)
	1. 2. 3. 4. 5. 12.



	Daniel Barbaro himself
	1. 2. 3. 4. 5. 6. 7. 8. 9. 10. 11. 12. 18.



	Ptolemy
	1. 2. 3. 4. 5. 12. 20. 21.



	Euclid, and from him Herigone
	1. 2. 3. 6. 7. 8. 9.



	Gioseffo Zarlino
	1. 2. 3. 4. 5. 6. 7. 8. 9. 10. 22. 23.



	Lodovico Fogliano
	1. 2. 3. 4. 5. 6. 7. 8. 9. 10. 11. 12. 13. 14.



	Marin Mersenne
	1. 2. 3. 5. 6. 7. 8. 9. 18. 19.



	Athanasius Kircher
	1. 2. 3. 4. 5. 6. 7. 8. 9. 15. 16. 17. 18. 19.



	Johannes Kepler, in his musical scale
	1. 2. 3. 4. 5. 6. 7. 8. 9. 10. 11. 12. 13. 14.





…as will be clear from what is to be said in ch. 6, num. 5 — granting that among the perfect he had earlier numbered the Unison and six other consonances, namely 1. 2. 3. 4. 5. 8. 22, as is plain from his bk. 3, ch. 2.



Question 2. Why do Consonances arise rather from Proportions of Greater than of Lesser inequality?

(Quaestio 2. Cur Consonantiae oriantur magis à Proportionibus Maioris, quàm Minoris inaequalitatis?)

[VIII.] For it is commonly said by Musicians that the Diapason arises from the double proportion rather than from the subduple, and the Diapente from the sesquialtera rather than from the subsesquialtera — although between the same terms 2 and 1 there is both the proportion of 2 to 1 (double) and of 1 to 2 (subduple), and so on. Lodovico Fogliano (sect. 2 of the Musica Theorica, ch. 3) and Zarlino (part 2 of the Harmonic Institutions, ch. 50) answer that the cause is this: that in a proportion of greater inequality the greater term is compared with the lesser in a more perfect way — namely as the container, which has the character of form, with the contained, which has the character of matter; and because the relation of excess or majority is positive and real, whereas the relation of defect or minority is nothing but a privation, and is not a real relation but [a relation] of reason.



Question 3. Whether a Tone can be divided into two equal Semitones?

(Quaestio 3. An Tonus dividi possit in duo Semitonia aequalia?)

[IX.] Most deny it — chiefly Macrobius (bk. 2 on the Dream of Scipio, ch. 5), Boethius (at the beginning of bk. 3), Glareanus (bk. 1 of the Dodecachordon, ch. 10), Daniel Barbaro (on bk. 5 of Vitruvius, ch. 4), and Kircher (bk. 3 of the Musurgia, axiom 10). For just as a semivowel is not so called because it divides a vowel into two equal parts, so the semitone is so called because it is indeed between the extremes — yet not because it is the exact half of a tone. And the reason is that the Tone is in the superparticular genus, since its proportion is 9 to 8; but no superparticular proportion can be divided into two equal parts. Wherefore Barbaro reproves Aristoxenus, who — following the judgment of the ears rather than the reasons of numbers — divided the Tone into two equal parts; and Barbaro says it is cut into two unequal parts, of which one is called the greater hemitone or apotome, the other the lesser hemitone or Diesis. But Carolus Valgulius, in [his commentary] on Plutarch's Music, defends Aristoxenus, and teaches that, although the unit lying between 9 and 8 cannot be cut into two…


[…continues on p. 511 (PDF 546) with the catchword "duas" (duas [partes] — "into two [equal parts]"): the completion of Valgulius's defense of Aristoxenus, still within Question 3 of Chapter IV.]





(printed p. 511 — Chapter IV continued. Question 3 closes (the string, being continuous, can be halved, though the ratio cannot be rationally divided); Question 4 explains why the Diapason contains the whole diversity of consonances and is their queen; and Question 5 asks by what artifice the consonances are distinguished by ear, introducing the Monochord and its first method of division by the sum of the ratio's terms, closing with a two-part table of the division of the monochord.)



(…completing ¶IX from p. 510, on whether a Tone can be cut into two equal semitones:) …into two whole parts; yet [Valgulius teaches] that the string or chord itself — on which, as on a ruler, by partitions duly made the concords are formed — since its magnitude is continuous, can be cut anywhere, and so into two equal parts; and that Aristoxenus was not so unskilled in Arithmetic, nor ignorant of the doctrines of the Pythagoreans, since he wrote whole volumes on Arithmetic and had as his teacher Xenophanes, a noble Pythagorean. But Fr. Athanasius Kircher (bk. 3 of the Musurgia, ch. 12, propositions 1 and 2) teaches that a Tone can be divided into two equal parts by irrational numbers, but cannot by rational ones. And he adds that whoever, with Philolaus and Boethius, posits the half of a Comma — namely the Schisma — cannot deny the half of a tone; whom consult, if you desire more on this matter.



Question 4. Why does the Diapason contain in itself, or terminate, the whole diversity of the Consonances, and is the Queen of Consonances?

(Quaestio 4. Quare Diapason totam diversitatem Consonantiarum in se contineat, aut terminet, & sit Regina Consonantiarum?)

[X.] The Diapason — in Greek διὰ πασῶν, that is, through all, or to all, or about all — is so called because all consonances are either contained in it or terminate at it. For although outside it various harmonic proportions are found, yet according to sense, and considering the judgment of the ears, they seem to have almost no diversity from those contained below the diapason — indeed, not even from the diapason itself; nor is any wholly new consonance found in which something of the Diapason is not perceived. For the ditone seems to affect the sense in the same way as the diapason-plus-ditone; and the semiditone as the diapason-plus-semiditone; so the diatessaron and the diapason-diatessaron, and so of the other consonances.


[Margin: The Diapason, the most beautiful of Consonances.]



Hence it comes about that, once the seven simple consonances — discrete from one another by a sensible difference — are completed (namely Diapason, Diapente, Diatessaron, Ditone, Semiditone, the greater and the lesser Hexachord), a repetition of the consonances is made, and all their diversity terminates at the diapason. And because all easily discern it, and are refreshed by it, it is called by Aristotle (sect. 19, problem 35) καλλίστη συμφωνία — that is, the most beautiful Consonance. And this too belongs to it singularly: that, added to a like consonance, it generates other consonances to infinity — namely disdiapason, trisdiapason, quaterdiapason, etc. But if to a Diapente you add a Diapente, no consonance is begotten; just as neither [is one begotten] from other [consonances] of the same species added together, as Aristotle teaches (sect. 19, problem 42). The rest, to the praise of the Diapason, read in Aristotle (sect. 19, problems 17 and 32).



Question 5. By what artifice can all the Consonances be distinguished by the hearing itself; and how is the Division of the Monochord to be made?

(Quaestio 5. Quo Artificio Disterni possint ipso auditu Consonantiae omnes; & quomodo Monochordi Divisio sit facienda?)

[XI.] We have already learned above, from Macrobius, that Pythagoras hunted out the consonances from the sound of the various hammers, and then from strings — that is, from sinews and gut-strings stretched and hung with various weights, in that proportion which he had detected in the hammers — so that the tensions of the strings, [though] of the same kind and thickness, would turn out different according to the diversity of the weight hung on them.


[Margin: The notion and definition of the Monochord.]



But in all respects the Monochord is preferable, because it is difficult to find several strings of exactly the same kind, thickness, and uniformity, or to stretch them with precisely such a diversity [of tension] as the exact distinction of the consonances requires. Now the Monochord is so named from μόνος, which means single or solitary, and from χορδή, which [means] string — because it is an instrument containing a single stretched string, which Ptolemy and Boethius call the Harmonic Rule (Regula Harmonica). This instrument Suidas calls Magadea, from the nominative Μαγάς; and he says it is a squared wood, hollow within, containing strings fit for grasping the variety of tones. For it can consist of two strings, of which one is always [taken] as the whole, and the other exhibits the part due to the consonance; but because the reckoning by a single string is simpler, Guido of Arezzo defined it thus: "A Monochord is a long squared wood, hollow within, with a string drawn over it, by whose sound we apprehend the varieties of tones."


[Margin: What the Magas is.]



But Magas — or, as others have it (in Barbaro above, and Kircher bk. 4, ch. 1), Magadis — is usually taken either for a double support or little bridge, hemispherical and immobile, which bounds and sustains the extremities of the whole string; or for a third little bridge or movable stool, which is placed under the string at that point at which, by designation, the division of the string has been made according to the proportion due to the consonance sought — which more recent writers call the cursor (runner), because it is moved forward and backward while we hunt the consonances. The Pecten or plectrum is that with which we strike the string, that by its vibration it may give forth sound. And from Magas is formed the verb μαγαδίζειν (magadizein), which means to play upon a string, forming various consonances on it.


[Margin: The first method of dividing the Monochord.]



Now the first use of the Monochord is that through it we may explore the consonances singly, one by one, or also the dissonant intervals, by a simple division of the string into only two parts — a division, I say, not real, but one equivalent to a real one: namely by a marking-out on a straight line, placed under the stretched string itself and of the same length, so that the place of the movable Magas may be known. And the division of the string is to be made into as many equal parts as the sum made from both numbers [of the ratio] contains, [the sum] determining the proportion due to the consonance. Thus, if you wish to explore the Diapason, whose proportion is between 2 and 1 — since 2 and 1 make 3 — you must divide the string into three equal parts: for if you strike the part of the string containing two of those parts, and immediately the other containing a single one, you will hear this consonance. So if you wish to discern the Diapente, whose proportion is as 3 to 2 — since 3 and 2 make 5 — you will divide the whole string into 5 equal parts; and, the Magas being placed where two parts end on the one side and three on the other, from striking each you will learn this consonance. And so of the rest, as the following table will show — in which the first column contains the number of equal parts into which (by the aid of a compass, or of folded paper) the whole string is to be divided; the second, the number of parts of the longer partial string; the third, of the shorter — which, struck together or one immediately after the other, will exhibit to purged ears the consonance sought, or the dissonant interval that serves concinnity.



Division of the Monochord

(Monochordi Divisio)

For the Consonances (Pro Consonantijs)




	Consonance
	Equal parts of whole string
	Longer portion
	Shorter portion





	Diapason
	3
	2
	1



	Diapente
	5
	3
	2



	Diatessaron
	7
	4
	3



	Diapason diapente
	4
	3
	1



	Disdiapason
	5
	4
	1



	Ditonus
	9
	5
	4



	Semiditonus
	11
	6
	5





For the Dissonant Intervals (Pro Dissonis Intervallis)




	Dissonant interval
	Equal parts of whole string
	Longer portion
	Shorter portion





	Tonus maior
	17
	9
	8



	Tonus minor
	19
	10
	9



	Semitonium minimum
	49
	25
	24



	Semitonium minus
	31
	16
	15



	Semitonium medium
	263
	135
	128



	Semitonium maius
	104
	54
	50



	Semitonium maximum
	52
	27
	25






(All values are as printed and verified — in each row the longer + shorter portions equal the "equal parts," and the longer : shorter ratio is the interval. Note that, as printed, Semitonium maius (54:50) and Semitonium maximum (27:25) reduce to the same ratio, 27:25 — an apparent slip in the original, since the two are meant to be distinct semitones.)

[The catchword "RE-" points to p. 512 (PDF 547), which continues Chapter IV.]





(printed p. 512 — Chapter IV continued. The monochord-division table from p. 511 is completed; then the second method divides the string into 120 parts so one division serves all seven simple consonances, with a note on the far finer divisions required for a fully chromatic and enharmonic monochord. The third method presents Ptolemy's Helicon, a rectangle with a movable diagonal from whose intersections every consonance can be read off, set out in its own table.)



Remainder of the Preceding Table — Division of the Monochord

(Residuum Tabulae Praecedentis — Monochordi Divisio)

For the Consonances (Pro Consonantijs) — continued (8–23):




	Consonance
	Equal parts of whole string
	Longer
	Shorter





	Hexachordum maius
	8
	5
	3



	Hexachordum minus
	13
	8
	5



	Diapason cum ditono
	7
	5
	2



	Diapason cum semiditono
	17
	12
	5



	Diapason diatessaron
	11
	8
	3



	Diapason cum hexachordo maiore
	13
	10
	3



	Diapason cum hexachordo minore
	21
	16
	5



	Semidiapason
	6283
	4096
	2187



	Semidiapente
	109
	64
	45



	Tritonus
	77
	45
	32



	Ditonus cum diapente
	23
	15
	8



	Semiditonus cum diapente
	14
	9
	5



	Sesquisexta
	13
	7
	6



	Sesquiseptima
	15
	8
	7



	Disdiapason cum ditono
	6
	5
	1



	Disdiapason cum diapente
	7
	6
	1





For the Dissonant Intervals (Pro Dissonis Intervallis) — continued (8–14):




	Dissonant interval
	Equal parts of whole string
	Longer
	Shorter





	Diesis enharmonica
	253
	128
	125



	Limma Platonicum
	499
	256
	243



	Apotome Platonica
	4235
	2187
	2048



	Comma maius
	161
	81
	80



	Comma minus
	20365
	10240
	10125



	Schisma
	8682
	4352
	4330



	Diaschisma
	322
	162
	160








[Margin: The Second Method.]



The Second Method is when a single string is to be divided into equal parts in such a way that the same division may serve, if not for all, at least for several consonances — say the seven simple ones; and then you will divide the string into 120 equal parts. For if you strike the whole string, and then its half — namely the partial string consisting of 60 parts — you will hear the Diapason; and you will hear the same in another way if you strike on the one side a string having 80 parts, on the other [a string] having 40. But if you strike the whole string, and then the partial one having 80 parts, you will feel the Diapente. And if you strike the whole string, and at once the partial one having 90 parts, you will hear the Diatessaron. And if you strike the whole string, and then the partial one having 96 parts, you will hear the Ditone. But if you strike the whole string, and at once the partial one having 100 parts, you will feel the Semiditone. But if you strike the whole string, and then that partial one which has 72 parts, you will hear the greater Hexachord. Finally, if you strike the whole string, and at once that of the partials which has 75 parts, you will feel the lesser Hexachord. And thus, once trained, your ear becomes [a judge] of the seven simple consonances, which Virgil calls the Seven distinctions of tones (Septem discrimina vocum); for which see the synopsis in the following table.

Division of the Monochord for the 7 Simple Consonances

(Divisio Monochordi pro 7 Consonantijs Simplicibus) — let the whole string be divided into 120 equal parts


The whole string is struck, and immediately (or just after it) the partial string is struck, having the parts shown:






	Partial-string parts
	gives the Consonance





	100
	Semiditone



	96
	Ditone



	90
	Diatessaron



	80
	Diapente



	75
	[greater Hexachord]*



	72
	[lesser Hexachord]*



	60
	Diapason






*Translator's note: the original prints "75 — Hexachordum maius, 72 — Hexachordum minus," but this is transposed relative to its own prose just above (and to the arithmetic): 120 : 72 = 5:3 = the greater Hexachord (major sixth), and 120 : 75 = 8:5 = the lesser Hexachord (minor sixth). The prose order (72 → greater, 75 → lesser) is the correct one.



But concerning Monochords in the Diatonic, Chromatic, and Enharmonic genus we shall speak below, after the difference of these genera has been explained — namely in ch. 6, num. 3 and 4 — where you will learn that the diatonic Monochord, fit for the consonances and the dissonant-but-concinnous intervals, is to be divided into 9216 equal parts according to Boethius, Glareanus, and Zarlino; or into 3600 parts according to Fogliano; or into 2160 or 720 parts according to Kepler.




[Margin: The Third Method.]



The Third Method is by the figure which Ptolemy (bk. 1 of the Harmonics, ch. 11) calls the HELICON — that is, by a rectangle ABCD, whose side BD divide in half at F, and CD in half at E; then divide the side BD into four equal parts BG, GF, FH, HD; again divide the same side BD into three equal parts BK, KI, ID. And from the points of the divisions of side BD, draw to the opposite side AC [lines] perpendicular [to it] and parallel to the [upper and lower] sides: GL, KM, FN, IO, HP; and at last from B draw the straight line BE to E, the midpoint of side CD. For if the aforesaid parallels — together with the sides to which they are parallel — be strings of the same kind and tension, and the line BE make a perpetual chord-cutter (chordotomum) or Magas, you will detect the Consonances, or the concinnous intervals, written below.


[Figure — the HELICON of Ptolemy] A rectangle A (top-left) B (top-right) C (bottom-left) D (bottom-right). The right side BD is divided (from B downward) at G, K, F, I, H (into halves at F, thirds at K & I, quarters at G, F, H); the left side AC carries the matching feet L, M, N, O, P. Five horizontal parallels cross the figure: GL, KM, FN, IO, HP. The diagonal BE runs from B down to E, the midpoint of the bottom side CD, cutting the five parallels at the points Q (on GL), R (on KM), S (on FN), T (on IO), and V (on HP). Each interval is then read off as the ratio between two of these segments (see the Table).



Table for the Helicon

(Tabella pro Helicone)




	Interval
	Read as (segment : segment)





	Unison
	CE with ED



	Diapason
	AB with CE; or QT with TI



	Diapente
	CE with TI; or NS with CE; or AB with OT



	Diatessaron
	TI with SF; or CE with VH; or AB with NS



	Ditone
	PV with CE; or MR with OT



	Semiditone
	NS with PV; or AB with MR



	Hexachordum maius
	PV with VH; or MR with CE



	Hexachordum minus
	AB with PV



	Diapason-diapente
	AB with VH; or ED with QG; or NS with SF



	Disdiapason
	AB with SF; or OT with QG



	Diapason cum Ditono
	MR with TI; or PV with SF



	Diapason cum Diatessaron
	AB with TI; or OT with SF



	Diapason cum Hexachordo maiore
	MR with SF



	Tonus maior
	VH with TI; or MR with OT



	Tonus minor
	MR with NS



	Semitonium maius
	OT with PV





The remaining methods, as fit for fewer consonances, I pass over — namely the Mesolabium (on which Zarlino, part 2, ch. 25), and the Square divided into eight parallelograms with an oblique line such as BE, on which Atha…


[…continues on p. 513 (PDF 548) with the catchword "Atha-" (Athanasius Kircher): the close of the survey of monochord-dividing devices, still within Chapter IV.]





(printed p. 513 — Chapter IV concludes with the last monochord-dividing devices and a note on sympathetic vibration, then its Scholia begins, expounding Kepler's doctrine of the origin of the consonances from sections of the circle in the Harmonice Mundi. Book 1's grades of knowability of polygon-sides are summarized, showing which figures admit proper demonstration; Book 2 concludes only twelve figures are congruent; and Book 3's axioms determine consonant versus dissonant arcs, yielding the harmonic section of the string into only seven consonant parts.)



(conclusion, and the SCHOLIA on Kepler's circle-division theory of the consonances)

(…concluding the survey of monochord-dividing instruments from p. 512:) …on which [see] Athanasius Kircher (bk. 4 of the Musurgia, ch. 5, Lemma 2), and others indicated by Glareanus (bk. 1 of the Dodecachordon, chs. 17–18), or by Ludovico Fogliano (sect. 2, chs. 14–15).

I only add that, when one string is struck, the other — though not struck, but in unison with it or akin in consonance — is set vibrating, if it lies within the sphere of the vibrations of the first; which you may test by laying upon the other a little bent straw, for you will see it leap up. This effect was known to Macrobius (bk. 2 on the Dream of Scipio), and Kepler attempts to give its cause (bk. 3 of the Harmonics, p. 14), as do Fracastoro (On Sympathy, ch. 11) and the Physiologists in the question on action at a distance.



SCHOLIA


[Margin: Kepler's doctrine on the origin of the Consonances.]



[I.] Kepler, therefore, about to investigate the origin of the consonances from the sections of the circle, premises in Book 1 of the Harmonics that the demonstration of a figure in a circle is the deduction of a quantity to be known (measured, or described) from the diameter through the possible intermediates.


[Margin: Proper and improper demonstration of figures in a circle.]



The proper demonstration of such a figure is when the number of the angles of that figure, or of a cognate figure — by being double or half [the number of] sides — becomes the middle term for determining the proportion of the side to the diameter. The demonstration is improper when the proportion of the side to the diameter cannot be determined geometrically from the number of angles immediately applied, unless the side of another figure be brought in, one having neither double nor half the number of sides.


[Margin: The several grades of knowability — of the effable and of the ineffable.]



Further, he establishes several grades of knowledge (scibilitas). The First Grade is when some line can be demonstrated equal to the diameter, or a plane equal to the square of the diameter. The Second Grade is when, the diameter being divided into some certain number of equal parts (or its square likewise), the proposed line or plane is demonstrated equal to such a part or parts; and then that plane is called Effable [expressible], and the line Effable in length — for number is, as it were, the speech of Geometers. The Third Grade is when a line is ineffable in length but its square is effable; and then the line is said to be Effable in power. The remaining grades he calls simply ineffable, rather than irrational or surd. Among these, the Fourth Grade — the first of the ineffables — is when neither the line nor its square is effable, yet the square is transformable into such a rectangle whose sides are at least effable in power; and such a line is called Mese, because it is the mean proportional between two [lines] commensurable in power alone, while its square is called Meson, whether of square form or transformed into a rectangle — from which kind of Plane, and from the effable Plane, arise the other species and grades. The Fifth Grade is when two lines, neither both effable nor mese, and plainly incommensurable with each other, yet make an effable sum of squares and a common Rectangle. The Sixth Grade is when two lines, neither effable, nor mese, nor commensurable, yet constitute the one effable and the other meson (that is, either the sum of squares or the common Rectangle). The Seventh Grade is when, of two ineffable and incommensurable lines, neither is effable (neither the sum of squares nor the common rectangle), yet each is Meson. Of the remaining grades arising from combinations of these, consult [Kepler] himself, up to proposition 34, from which he begins to determine the knowable sides of the figures according to the aforesaid grades.


[Margin: Square, Octagon; 16-gon, Triangle, Hexagon; Dodecagon; the 24-sided figure; Decagon.]



And he shows that: the diameter is knowable in the 1st grade; the side of the square inscribed in a circle in the 3rd, but its square in the 2nd; the side of the octagon and the octagonal star not knowable except in the 8th, but the sides of both joined in the 6th; the side of the 16-gon knowable in grades far below the 8th; the side of the triangle inscribed in the circle in the 3rd, and of the hexagon in the 2nd (but their planes are Mese and in double proportion to one another); the sides of the dodecagon and the dodecagonal star, if joined, knowable in the 5th, if separated, in the 8th (the dodecagon's plane being effable); likewise the regular 24-sided figure, and all arising from it by continuously doubling the number of sides (and their stars), have knowable sides, but in a grade below the 8th; the sides of the decagon and decagonal star, joined, knowable in the 5th, separated in the 8th, but joined with the diameter in the 4th; the sides of the pentagon and the pentagonal star, separately, knowable in the 8th, but joined, both in the 4th and the 6th; the planes of the decagon, pentagon, icosagon (20-gon) and the rest of this class fall into more remote grades.


[Margin: 15-gon; Heptagon.]



But the sides of the 15-gon and the star arising from it, like those of the 30-gon, have no proper demonstration; and moreover the heptagon (7-gon) is not knowable and has no proper demonstration. Hence the section of the circle into 3, 5, 7, etc. equal parts — and by any ratio that is not a continuous doubling of those already demonstrated — cannot constitute knowable sides of figures.

These things demonstrated, he concludes that there are four classes of knowable figures: three having a proper demonstration, and a fourth having an improper one. And in the division of the circle the order is: in the 1st place the diameter (effable in length); in the 2nd, the hexagon (its side, being equal to the semidiameter, effable in length); in the 3rd, the square and triangle (their sides effable in power only); in the 4th, the sides of the dodecagon and decagon and of their stars (being from things ineffable in power, and Composites of the first species); in the 5th, the sides of the pentagon and octagon, and the pentagonal and octagonal stars, etc.


[Margin: Congruent figures.]



But in Book 2 the Harmonics treats of the geometric congruence or incongruence (unsociability) of figures, and concludes that the figures congruent by plane or solid angles, or by both — that is, those whose angles so meet in one point as to leave no gap between the sides — are only the twelve written below:




	
	
	
	





	1. Triangle
	2. Square
	3. Pentagon
	4. Hexagon



	5. Octagon
	6. Decagon
	7. Dodecagon
	8. Icosagon (20-gon)



	9. Pentagonal star
	10. Octagonal star
	11. Decagonal star
	12. Dodecagonal star






[Margin: Kepler's doctrine on the origin and number of the Consonances.]



[II.] But in Book 3 the Harmonics investigates the origin of the harmonic proportions, and the nature and differences of the things pertaining to song, and premises these axioms:


	The diameter of the circle, and the sides of the radical figures fully explained in Book 1 (those having a proper demonstration), determine a part of the circle consonant with the whole circle — whether the circumference be stretched into a ring or into a straight line as a single string. And therefore the consonances are infinite, because the demonstrable figures are infinite, though some of them are [to be] chosen.

	By whatever grade the demonstration of the side stands distant from the first, by the same grade the Consonance of the part of the circle cut off by that side recedes, with respect to the whole circle, from the most perfect consonance of the unison.

	The indemonstrable sides of figures and stars determine a part of the circle dissonant from the whole — as do also the sides that are demonstrable, but not by a proper demonstration.

	Figures that have cognate demonstrations of their sides beget cognate harmonies.

	Strings or arcs of equal tension, having among themselves (by reason of length) the same proportion as between a part (or the residue) of the circle and the whole circle, have also the same consonance or dissonance, though it be contained between other terms or sounds.

	When two strings have given forth identical sounds, a third voice consonant with the one is consonant with the other; or dissonant with the one, dissonant with the other.

	When two strings or voices have given forth identical sounds, a third voice identisonant with one of them is also identically consonant with the other.



These laid down, (1.) he affirms that, after the Unison (which he calls the most perfect consonance), the half [of the circle] with the whole begets the most perfect and simplest consonance in the first grade, identical from either side, because it arises from the diameter. (2.) If the greater part of the circle does not stand in continuously-double proportion to the whole, and is consonant with the whole, the lesser part will be dissonant with the whole. (3.) Strings in continuously-double proportion all consonate identically among themselves. (4.) A string consonant with either term of a continuous double-multiple proportion is consonant with the other also; and if dissonant with one, dissonant with the other. Further, in Chapter 2 he treats of the harmonic section of the string — when the whole string is cut into such parts as are consonant both with the whole and singly among themselves — and teaches that such [parts] are only Seven, namely those whose proportion is indicated by the numbers written below, and of which he had treated in the Mysterium Cosmographicum, ch. 12.


[The catchword "Sectio-" points to p. 514 (PDF 549), which continues into Chapter V.]





(printed p. 514 — the Scholia of Chapter IV concludes with the table of Kepler's seven Harmonic Sections and a synopsis of Harmonice Book 3; then Chapter V begins, "On Music, and the various Divisions and Genera of Melodies and Songs." The divisions of music are given — theoretical versus practical, Boethius's mundane, human, and instrumental music, natural versus artificial organic music with its wind, stringed, and percussion instruments — followed by the division into the twelve or fifteen Modes, each characterized in turn.)



(SCHOLIA — conclusion)

The Harmonic Sections

(Sectiones Harmonicae — if one Part of the String be to the other Part as:)




	As
	To
	
	As
	To





	1
	1
	
	5
	1



	2
	1
	
	3
	2



	3
	1
	
	5
	3



	4
	1
	
	
	





After these, in chapter 3 [Kepler] treats of the trinity of concordant sounds, or of the harmonic means; in chapter 4, of the origin of the concinnous intervals; in chapter 5, of the natural section of the consonant intervals into concinnous ones; in chapter 6, of hard and soft song [major and minor]; in chapter 7, of the section of a single octave in each genus of song; in chapter 8, of the number and order of the least intervals; in chapters 9 and 10, of the notes and characters of voices and strings, and of the syllables Ut, re, mi, fa, sol, la; in chapter 11, of the composition of systems; in chapter 13, of naturally concinnous song; in chapters 14 and 15, of the Modes of melodies, or Tones; and in chapter 16, of figured song.




Chapter V, On Music, and the various Divisions and Genera of Melodies and Songs

(De Musica ac Melodiarum Cantuumque Divisionibus varijs, ac Generibus)


[Margin: The 1st and 2nd Division of Music.]



[I.] Music is twofold: one Theoretical, the other Practical. The Theoretical, on the authority of Boethius (bk. 1, ch. 2), is threefold: namely Mundane (of the World), which considers the harmony of the whole world and its parts — such as the symphonism and symmetry of the elements and of the heavens; Human, which treats of the proportions of body and soul among themselves and with their parts — that is, of the harmony of the Microcosm; and Organic (Instrumental), which contemplates the harmony resulting from sounds and voices, whether in a natural or an artificial manner. Zarlino, however (part 1, ch. 5), first divides Music in two — into Animastic and Organic — and afterward subdivides the Animastic into Mundane and Human, and the Organic into Natural and Artificial.


[Margin: The 3rd Division. — Natural and Artificial; what Music is.]



The Third Division, then, is of Organic Music into the Natural — which considers the sounds naturally produced by the instruments of the throat or larynx, the lungs, the palate, the tongue, the teeth, and the lips (for these are the natural instruments of the sound and voice of animals) — and into the Artificial, which considers a sound made (or makeable) by various instruments fashioned by art.


[Margin: Division of the Musical Instruments.]



Of these, the First Genus contains the Pneumatic (Greek ἐμπνεόμενα), that is, [instruments] resounding by the force of breath and animated by spirit — whether it be the breath of living things or the wind and air — of which kind are: reeds, hemlock-pipes, panpipes (syringes), shepherds' or military pipes (Ital. Subioli or Cifoli); three-holed or six-holed pipes (Ital. Flauti); clarions or horns; bagpipes (Ital. Corni, Cornetti, Cornamuse); serpentine horns (Ital. Bischoni); tibiae (Ital. Pive or Pifferi); droning bagpipes (Ital. Pive sordine); trumpets, buccinas, war-trumpets (Ital. Trombe), and slide-trumpets (Ital. Tromboni); zooglossal pipes, with which we imitate the various voices of animals; and anthropoglossal pipes, with which we imitate human speech and laughter; but chiefly those which are properly called Organs (or, by Vitruvius, Musical Canons), compacted of many pipes or tubes of lead or cypress-wood and inflated by bellows.

The Second Genus comprises the stringed instruments (Greek ἔγχορδα / ἔντατα), that is, those of gut or sinew — consisting of one or more strings, which sound when struck by the fingers, nails, plectra, etc. — of which kind are: psalteries, harps, lutes (Testudines), lyres, barbitons, Cheles, sambucas, pandoras, mandoras, nablas, citharas, pectides, harpsichords (Clavicymbala), and the Turkish three-stringed [lute], commonly il Colachon or Colascione. For the Testudines, Pandorae, and Mandorae are called in Italian Leuti (lutes); the citharas, Cetre; the Spanish citharas, Chitariglie; the theorbos, Chitaroni; the small four-stringed Chelis, il Violino; the six-stringed Chelis, la Viola; the larger four-stringed Chelys, il Violone; the smallest Chelys or Lynterculus, il Lirino; the twelve-stringed Chelis or Lyra, Lira or Lirone; the Clavichordium (or Clavicymbalum, or Manichordium), called Clavicembalo, Manacordo, Spinetta.

Lastly, the Third Genus comprises the percussion instruments (Greek κρουστά), such as cymbals, sistra, drums (Tympana), bells, crotala, and xylophones (Zylorgana) — that is, those which, in place of pipes, have wooden cylinders. But concerning Musical instruments there have written excellently: Mersenne (on Genesis, ch. 4, verse 21, question 56, or from p. 1515); Othmar Luscinius (bk. 1 of the Musurgia); and our Kircher (bk. 2, chs. 3 and 6, and bk. 6 of the Musurgia) — where also, from his own and Mersenne's experiments, he sets out the proportions of strings, pipes, etc., and what voices the strings of various metals, sinews, and wires give forth, or what sounds, and in what proportion, various woods struck [give forth].


[Margin: The 4th Division, from Isidore.]



Fourthly, Music is divided by Isidore (bk. 3 of the Origins) into Harmonic, which consists of the songs of voices; Organic, which rises from breath; and Rhythmic, which receives its numbers by the impulse of the fingers. But some include under Rhythmic both the metric art of syllables (for constructing verse) and the dance; others separate Metric from Rhythmic, as may be seen in Zarlino (part 1, ch. 5).


[Margin: The 5th Division, from Martianus Capella.]



Fifthly, Music is divided, according to Martianus Capella (bk. 9, On the Marriage of Philology), into three genera, of which the First is called εἰδικόν, which consonates from sound by like and persevering numbers and words (but the part of these pertaining to melody is called harmonic, that pertaining to numbers rhythmic, that pertaining to words metric); the Second is ἐργαστικόν, that is, operative; and the Third ὑπερεργαστικόν, that is, super-operative, or ἑρμηνευτικόν, that is, enunciative — concerning which consult that author himself, for this division is very obscure and accepted by almost no one.


[Margin: The 6th Division, into the Modes — Dorian, Phrygian, Lydian, etc. / The 12 Musical Modes.]



[II.] Sixthly, [Music] is divided into various Modes, but chiefly into the Dorian, Phrygian, Lydian, Aeolian, Ionian, Iastian, and into mixtures of these — according as these modes were invented by the Dorians, Phrygians, etc., or were more in use in those regions; although Alypius, in his Isagoge, says the Dorian was invented by Thamyras, the Phrygian by Marsyas, the Lydian by Amphion, the Hypodorian by Philoxenus, the Hypolydian by Polymnastus, and the Mixolydian by Sappho. But in assigning their distinctions there is a wonderful and almost inextricable confusion; see, if you please, the interpreters of Aristoxenus and Ptolemy — Glareanus (Dodecachordon 1, chs. 2 and 7), Mersenne (on Genesis 4, verse 24, from p. 1664), and Kircher (Musurgia 3, ch. 15, and bk. 7, p. 554) — who collect the opinions of others.

Here let it suffice to know that the Dorian was a grave and severe mode, in which Re–Sol reigned; the Phrygian religious and hard, in which Mi–La; the Lydian wanton and the Ionic soft, in which Ut–fa. Whence Pliny (bk. 2, ch. 22) said that Saturn is moved by the Dorian, Jupiter by the Phrygian, Mercury by the Lydian. Further, all the modes, simple and mixed, are reduced to 12 by Kircher, or to 15 by Euclid, Cassiodorus, and Capella:


	Dorian — to Lucian σεμνός (sacred) and grave; to Apuleius warlike, and most fit for setting heroic verse, by reason of its gravity joined with alacrity.

	Hypodorian — subordinate to the Dorian; harsh and too grave.

	Phrygian — to Lucian ἔνθεος (inspired); to Apuleius religious, full of severe indignation (whence also called ὄρθιος); fit for iambic and tragic [verse] and for snatching minds out of themselves, as Plato has it (bk. 3, on justice) and Aristotle (Politics 8, ch. 5).

	Hypophrygian — humble and composed for weeping, by reason of its sad lament.

	Lydian — cheerful, drunken, threatening, and apt for revelers; therefore to Lucian βακχικός (bacchic and mad); wherefore Plato (Republic, dialogue 5) disapproved of it.

	Ionic, or Iastian — soft, dissolute, lascivious.

	Hypolydian — tearful, pious, or, as others say, wailing.

	Mixolydian — soul-bending, and inducing to various affections.

	Hypomixolydian — full of natural pleasantness.

	Aeolian — mild and of wondrous sweetness, fit for lyric [poetry], which more recent writers call the "foreign" [mode].

	Hypaeolian — itself also possesses a notable sweetness.




[…continues on p. 515 (PDF 550) with the catchword "Ionius" (the Ionian mode), completing the catalogue of the musical Modes, still within Chapter V.]





(printed p. 515 — Chapter V continued. The catalogue of Modes ends with the Ionian and Hypoionian; then the three famous Genera of music — Diatonic, Chromatic, and Enharmonic — are expounded, with their inventors, characters, and tetrachord structures, and the species of each genus after Aristoxenus and Kircher. The right column gives the tetrachord paradigms of each species with string-length numbers and interval ratios.)




	Ionian — to Lucian γλαφυρός (polished); to Apuleius lascivious; fit for iambic and trochaic [verse]; which Plato, for its excessive softness, condemned (Republic, dialogue 5); our [moderns] call it the Fifth.

	Hypoionian — corrects the softness of the Ionian, and corresponds to the Sixth of the moderns.



But according to Euclid, Cassiodorus, and Capella there are fifteen [modes], numbered thus: Dorian, Iastian, Phrygian, Aeolian, Lydian, Hypodorian, Hypoiastian, Hypophrygian, Hypoaeolian, Hypolydian, Hyperdorian, Hyperiastian, Hyperphrygian, Hyperaeolian, Hyperlydian. But on these [see] more in Kepler (bk. 3 of the Harmonics, chs. 14–15).


[Margin: The 7th Division, into the genera Diatonic, Chromatic, and Enharmonic.]



[III.] Seventhly, Music is divided into three most famous genera — namely the Diatonic, Chromatic, and Enharmonic (Greek διατονικόν, χρωματικόν, ἐναρμονικόν) — as Vitruvius has them (bk. 5, ch. 4), naming three genera of modulation (διάτονον, χρῶμα, ἁρμονίαν; where see Daniele Barbaro); Ptolemy (Harmonics 1, ch. 13), attributing this division to Archytas the Pythagorean; Martianus Capella (bk. 9, in the chapter on the Genera of Tetrachords), who calls these three genera of tetrachords ἐναρμόνιον, χρῶμα, διάτονον; Boethius (bk. 5); Macrobius (bk. 2 on the Dream of Scipio, ch. 4); Zarlino (part 2, chs. 9 and 16); and Kircher (Musurgia 3, p. 119, and more fully in the whole of ch. 13). This division is taken from the diverse manner of arranging the tetrachords in ascending from a grave sound to an acute one.


[Margin: The Diatonic genus.]



The Diatonic, by Plutarch's testimony, is the most ancient and most natural — its invention ascribed by Zarlino to Terpander of Lesbos or to Pythagoras. This genus ascends by two tones and a lesser semitone; and because it proceeds by intervals a tone apart and abounds in tones, it is called Diatonum or Diatonic. It is severe, grave, and constant, displaying manly characters and habits, and is today most in use, as it was also in the times of Martianus Capella and Macrobius.


[Margin: The Chromatic.]



The Chromatic genus was invented by Timotheus of Miletus the Lyric poet, as Suidas and Boethius relate — wherefore Aristotle says in the Metaphysics that, had Timotheus not been, we should have been forced to lack many melodies. Now chroma in Greek signifies color; whence this genus is so named, because it introduces various colors into the diatonic, standing between the Diatonic and Enharmonic as the variety of colors between white and black. It proceeds by two hemitones (greater and lesser) and a semiditone — that is, three hemitones; it is far more artful than the Diatonic, and fit for stirring various affections; whence Vitruvius says of it: "By subtle skill and the frequency of its modulations it has a sweeter delight"; but Barbaro calls it soft and plaintive.


[Margin: The Enharmonic.]



The Enharmonic was invented by Olympus (by the testimony of Aristoxenus and Plutarch, On Music) — being of all the most excellent to use and fullest of authority, of the highest art and skill, and (for its difficulty) used by very few, and on that account called par excellence (αὐτονομαστικῶς) harmonic or enharmonic. It proceeds by a Diesis and a ditone. Treating of these lightly, Kepler (Harmonics 3, ch. 6, at the end) thinks the Diatonic corresponds to hard song [major] and the Chromatic to soft song [minor]; or that there were two species of the Diatonic, Hard and Soft, intermixed in the Chromatic; but that the Enharmonic corresponds to nothing in ordinary Music except the vibrations of the human voice, the tremor of organs, and the mordent on the strings of the Pandura, and the like. Finally, Macrobius (bk. 2 on the Dream of Scipio, ch. 4) says: "Since there are three genera of musical melody — Enharmonic, Diatonic, and Chromatic — the first, for its excessive difficulty, has fallen out of use; the third is infamous for its softness; whence the middle, that is the Diatonic, is by Plato's doctrine ascribed to the mundane [world-]music."

Further, Aristoxenus subdivided the Diatonic into Soft and Incited (Sharp), and the Chromatic into Soft, Sesquialter, and Tonic — which subdivisions, like those of Didymus, Archytas, and Eratosthenes, are disapproved by Ptolemy (Harmonics 1, chs. 12–13, and 2, chs. 13–14), Boethius (bk. 5, chs. 15–17), and Zarlino (part 2, ch. 16). Kircher, however (Musurgia 3, ch. 13), says that the more skilled Musicians receive five subaltern genera or species of the Diatonic — the Pythagorean, Soft, Syntonic, Toniac, and Equal; three species of the Chromatic — the Ancient, Soft, and Syntonic; and finally two of the Enharmonic — the Ancient and Ptolemaic; whose paradigms he sets out in tetrachords with their own proportions, in greater and lesser numbers.



The Tetrachord Paradigms

(the four strings — I = Hypate hypaton, II = Parhypate hypaton, III = Lichanos hypaton, IV = Hypate meson — with their string-length numbers; each ascending interval and its ratio shown between them)


In each chain below, the numbers are the string-lengths (I → IV), and each "— interval (ratio) →" is the step between consecutive strings; every tetrachord spans the Diatessaron (3 : 4 from I to IV).



Diatonic — Diatonum, or Pythagorean:
I = 6144 — Tone (sesquioctave, 9:8) → II = 6912 — Tone (9:8) → III = 7776 — lesser Semitone (256:243) → IV = 8192

Diatonic — Soft:
I = 63 — sesquiseptima (8:7) → II = 72 — sesquinona (10:9) → III = 80 — sesquivigesima (21:20) → IV = 84
(beside strings III and IV the original also prints the smaller figures 45 and 48; their basis is not made explicit — they coincide with strings III–IV of the Syntonic tetrachord below, 36:40:45:48.)

Diatonic — Incited (Sharp), or Syntonic:
I = 36 — minor Tone (sesquinona, 10:9) → II = 40 — major Tone (sesquioctave, 9:8) → III = 45 — lesser Semitone (sesquidecimaquinta, 16:15) → IV = 48

Diatonic — Toniac:
I = 168 — Tone (sesquioctave, 9:8) → II = 189 — sesquiseptima (8:7) → III = 216 — sesquivigesimaseptima (28:27) → IV = 224

Diatonic — Equal:
I = 9 — sesquinona (10:9) → II = 10 — sesquidecima (11:10) → III = 11 — sesquiundecima (12:11) → IV = 12

Chromatic — Ancient:
I = 6144 — Trihemitone (trisemitonium) → II = 7296 — Semitone → III = 7776 — lesser Semitone → IV = 8192

Chromatic — Soft:
I = 105 — sesquiquinta (6:5) → II = 126 — sesquiquartadecima (15:14) → III = 135 — sesquivigesimaseptima (28:27) → IV = 140


[Translator's note: in the Pythagorean tetrachord string III is printed "7777," evidently for 7776 (= 6912 × 9⁄8), so that III → IV is the limma 256:243 (7776 × 256⁄243 = 8192). The Ancient-Chromatic numbers are the Pythagorean-derived values, whose intervals (trihemitone, semitone, lesser semitone) do not all reduce to simple superparticular ratios. The Soft-Diatonic secondary figures (45, 48) are recorded above as printed.]

[The catchword "Te-" points to p. 516 (PDF 551), which continues with the remaining tetrachords (Syntonic Chromatic; the two Enharmonic species), after which Chapter VI begins.]





(printed p. 516 — Chapter V concludes, then Chapter VI begins. The tetrachord paradigms are finished and the last divisions of music given: hard versus soft song (major and minor) and plain versus figured song, with a brief history of notation from Boethius through Gregory to Guido of Arezzo. Chapter VI, on the strings, voices, and musical notes of the harmonic system, then opens with the accidents of modulation — voice types, note-durations (with a table of the nine note-values), and pitch, introducing the ancients' five tetrachords of the Greater Perfect System.)



(conclusion — the last tetrachords, and the 8th and 9th Divisions of Music)

The Tetrachord Paradigms (continued from p. 515)

Chromatic — Syntonic (Sharp):
I = 66 — sesquisexta (7:6) → II = 77 — sesquiundecima (12:11) → III = 84 — sesquivigesimaprima (22:21) → IV = 88

Enharmonic — Ancient:
I = 6144 — Ditone → II = 7776 — Diesis → III = 7984 — Diesis → IV = 8192

Enharmonic — Ptolemaic:
I = 276 — sesquiquarta (5:4) → II = 345 — sesquivigesimatertia (24:23) → III = 360 — sesquiquadragesimaquinta (46:45) → IV = 368

These were the foundations of the remaining Tetrachords, from which the whole system or musical scale was so composed that it consisted of five tetrachords, the fourth string of the first being the first of the second, and the fourth of the second the first of the third, and so on — as we shall set forth in the example of the following chapter, where we shall explain the names and order of the strings.


[Margin: The 8th Division, of Hard and Soft (song).]



[IV.] Eighthly, the genus of melodies is divided into Hard and Soft Song (Cantus Durus ac Mollis) — a division famous among more recent [musicians]. Hard Song is that in whose system the intervals are ordered, from the lowest voice, by the major Third and Sixth — that is, the consonances 5:4 and 5:3 — which are also called hard and harsh. Soft Song is that in which the intervals are ordered, from the lowest voice, by the minor Third and Sixth — that is, the consonances 6:5 and 8:5 — which are called the soft Third and soft Sixth; of which you have examples in Kepler (bk. 3 of the Harmonics, ch. 6), whom let anyone consult who desires these things.


[Margin: The 9th Division, of Plain and Figured Song.]



[V.] Ninthly, Music is divided into Plain (or Firm) Song and Figured (or Harmonic) Song. Plain Song is that in which the passage from sound to sound is made by the simple raising and lowering of the voice, without any inquiry into Consonance per se, and without variation of time; or in which the difference of high and low is attended to, but without the symmetry of many harmonically-consonant voices through various time-delays. Figured Song is that whose modulation is made through many voices harmonically consonant with one another, and through time-delays concinnously ordered in voice or sound; and because this is done by means of certain notes and figures, this song is therefore called Figured — a genus reckoned to have been invented in the last centuries.

Further, Plain Music is subdivided into Boethian, Gregorian, and Aretinian — all of which, for their gravity and perspicuity, are most fit for divine worship and for exciting devotion. Boethius, imitating the Greeks, established 15 divisions on the monochord, distributing 15 strings into four tetrachords, and admitting a semitone between the first and second [tetrachord]; whom among the Latins Saints Ambrose and Augustine followed. Afterward St. Gregory the Great, about the year 594, devised the seven letters of the alphabet A B C D E F G, repeating them up to the number 15. But Guido of Arezzo, about the year of the Lord 1024, established the hand or musical scale of 20 letters and six syllables — Ut, re, mi, fa, sol, la — of which [we shall say] a few things in the following chapter.




Chapter VI, On the Strings, Voices, and Musical Notes, and their nomenclature, and their distribution in the Harmonic System or Musical Scale

(De Chordis, Vocibus, ac Notis Musicis, earumque nomenclatura, & distributione in Systemate Harmonico seu in Scala Musica)

[I.] Three chief accidents are wont to be considered in the modulation of voices or sounds.

First, the natural quality of the voice or sound — in which respect there are four notable species of voices: namely Discantus (or Cantus), Altus (or Contratenor), Tenor, and Basis — in Italian Soprano, Contralto, Tenore, and Basso (for this last Julius Pollux calls Basis).

Second, the continuous quantity in duration or time-delay, by which we dwell on pronouncing some voice or sustaining a sound; and to this serve those notes which Johannes de Muris of Paris is said to have invented about the year of the Lord 1320 — whose order is such that each preceding [note], with respect to the following, requires a delay twice as long. The value, name, and properties of these notes see in the following table, [reckoned] in the time of the Prime Mobile [i.e. in seconds], supposing the ordinary regulation of the hand raised and lowered [the beat], measured by us with the aid of a pendulum:




	Value
	Name
	Property
	Time (Prime Mobile)





	8
	Maxima
	Dormit (sleeps)
	18″ 40‴



	4
	Longa
	Cubat (lies down)
	9″ 20‴



	2
	Brevis
	Sedet (sits)
	4″ 40‴



	1
	Semibrevis
	Ambulat (walks)
	2″ 20‴



	1/2
	Minima
	Properat (hastens)
	1″ 10‴



	1/4
	Seminima
	Currit (runs)
	0″ 36‴



	1/8
	Chroma
	Volat (flies)
	0″ 18‴



	1/16
	Semichroma
	Avolat (flies away)
	0″ 9‴



	1/32
	Bischroma
	evanescit (vanishes)
	0″ 4½‴





But before such notes, neither Guido of Arezzo nor others had notes distinguishing the time-delays, but used mere thickish points or little circles — whence also the Art of Counterpoint (Contrapunctum) got its name; for just as now Note is set against Note, so then point was marked against point (punctum contra punctum).

[II.] Third, in sounds and voices is considered intension and remission — from gravity [low] toward acuteness [high], or from acute toward grave — that is, the change of voices through certain degrees, by which the voice as it were ascends or descends. To discern these degrees, the ancients employed either diverse parts of the same string (some longer, some shorter) or diverse strings of diverse tension, on which they imposed certain names; and they so ordered them that, out of 15, or 16, or 18 strings, they nevertheless established five tetrachords — because the last string of the first tetrachord was the first of the second, and so on — except the first of the fourth tetrachord, which does not share with the last of the third (wherefore the fourth tetrachord is called of the disjunct strings); and thus they constituted the greatest Diatonic System [the Greater Perfect System].

The names of the five Tetrachords Vitruvius supplies us (bk. 5, ch. 4), saying: "There are five tetrachords: the first, the lowest, called in Greek ὕπατον (hypaton); the second, the middle, μέσον (meson); the third, the conjunct, συνημμένον (synemmenon); the fourth, the disjunct, διεζευγμένον (diezeugmenon); the fifth, which is the highest, ὑπερβόλαιον (hyperbolaion)." With whom agree Martianus Capella (bk. 9, in the chapter on Tones) and Boethius (bk. 1, ch. 20). The names of the strings, the explanations of those names, and their number according to various [authors], you have in the following table — in which we have written ὑπατῶν (hypatōn) with Glareanus, and not ὑπάτων, as some write corruptly.


[The catchword "CHOR-" points to p. 517 (PDF 552), which opens with the great table of the Strings (Chordae) of the Harmonic System — their Greek and Latin names, letters, and numbers — still within Chapter VI.]





(printed p. 517 — Chapter VI continued. The Table of the Strings sets out the eighteen notes of the Greek Greater Perfect System with their Greek and Latin names, with notes on the authorities who count fifteen, eighteen, or only eight strings. Then Guido of Arezzo's reform is recounted: his five-line staff, the six solmization syllables drawn from the hymn of St. John the Baptist, the enlargement of the scale to twenty strings with Gamma prefixed, and variant solmization systems, introducing the great Musical Scale.)



Table of the Strings

(Chordarum Nomina secundum tropos Musicos — "Names of the Strings according to the Musical tropes")




	Ord.
	Greek name (Graecolatin)
	Meaning (Significatio)





	18
	Nete hyperbolaeon
	Last of the high (excellent) strings



	17
	Paranete hyperbolaeon
	Penultimate of the high



	16
	Trite hyperbolaeon
	Third of the high



	15
	Nete diezeugmenon
	Last of the disjunct



	14
	Paranete diezeugmenon
	Penultimate of the disjunct



	13
	Trite diezeugmenon
	Third of the disjunct



	12
	Paramese
	Neighbor of the Mese, answering to B-hard [B♮]



	11
	Nete synemmenon
	Last of the conjunct



	10
	Paranete synemmenon
	Penultimate of the conjunct



	9
	Trite synemmenon
	Third of the conjunct



	8
	Mese
	Middle



	7
	Lichanos meson
	Index (forefinger), or the "extended" of the middle



	6
	Parhypate meson
	Subprincipal, or second of the middle



	5
	Hypate meson
	Principal, or grave, of the middle



	4
	Lichanos hypaton
	Index of the principal (grave) strings



	3
	Parhypate hypaton
	Second, or subprincipal, of the grave



	2
	Hypate hypaton
	Principal of principals, or grave of graves



	1
	Proslambanomenos
	The assumed, or acquired, note





Now from the aforesaid strings, in surveying the Greek System, some enumerate only fifteen — such as Ptolemy (Harmonics 2, chs. 5 and 11), Glareanus (Dodecachordon 1, ch. 19), Ludovico Fogliano (Musica Theorica, sect. 3, last chapter), Zarlino (Harmonic Institutions 2, ch. 28), Mersenne (on Genesis 4, verse 24, p. 1670), and Kepler (Harmonics 3, ch. 11) — all of whom omit strings 9, 10, and 11 (the third, penultimate, and last of the conjunct strings), and after the Mese place immediately the Paramese, numbering the rest in the order given above. But Vitruvius (bk. 5, ch. 4; and there Daniele Barbaro and Philander), Euclid (and with him Herigone, vol. 5 of the Mathematical Course, in Euclid's Music), Martianus Capella (bk. 9, in the chapter on the Tropes), and Kircher (Musurgia 3, ch. 13, p. 144) reckon 18 strings in the same order as I — although Capella in their nomenclature differs in some places, as is clear from the following little table; in the others he agrees with us.

Capella's peculiar nomenclature (Nomenclatura peculiaris Martiani Capellae)




	Ord.
	Name (per Capella)





	4
	Hypaton diatonos



	7
	Meson diatonos



	9
	Trite synezeugmenon



	10
	Synezeugmenon diatonos



	11
	Nete synezeugmenon



	14
	Diezeugmenon diatonos



	17
	Hyperbolaion diatonos





But Blancanus (on the Mathematical passages of Aristotle, at sect. 19 of the Problems) and Bettini (Apiarium 10, Proludium 1, prop. 1) do not enumerate all the strings, but only the chief eight in the common octochord: Hypate, Parhypate, Lichanos, Mese, Paramese, Trite, Paranete, Nete. But before we adjoin the Aretinian [Guidonian] notes to the aforesaid strings, and order the Greatest System according to the three genera — namely Diatonic, Chromatic, and Enharmonic — a few things must be premised about the notes of the strings which Guido of Arezzo devised, and increased up to the number of 22 strings.


[Margin: Guido of Arezzo, restorer of Music.]



[III.] For before Guido of Arezzo, most Europeans were wont in Ecclesiastical chant to use eight straight lines, as eight strings, whose beginnings were marked with Greek letters; and on those lines points were marked (as now notes), but not in the intermediate spaces — as Vincenzo Galilei teaches in his Dialogue on Music, and our Kircher shows from manuscripts of the Vatican and Messina libraries (Musurgia 5, ch. 1). Afterward Guido of Arezzo — a Benedictine monk from Arezzo in Etruria, and prefect of the monastic choir — when he was at Pomposa, a town of the Duchy of Ferrara, in the year of the Lord 1024, devised and discovered a new manner of singing, easy and pleasant, which Europe now also uses; and with harpsichords devised by him he commended it, and taught it throughout all Italy up to the year 1028, with the approval of the Popes John XX and Benedict VIII, by whom he was summoned to Rome and honorably received.

First, when he saw that, among the eight lines used by his predecessors, the spaces were idle and empty of notes (for every gradation was made from line to line), he restricted the lines to five, but inserted notes in the spaces, so that with fewer lines he might comprehend more intervals.

Second, to distinguish the three chief tetrachords, he substituted for the Greek strings these six syllables — Ut, re, mi, fa, sol, la — by which the ascent is made from the lowest Ut to the highest La, choosing them from that strophe of the hymn of St. John the Baptist:


UT queant laxis  RE-sonare fibris,
MI-ra gestorum  FA-muli tuorum;
SOL-ve polluti  LA-bii reatum,
Sancte Ioannes.
["That with loosened voices thy servants may resound the wonders of thy deeds, loose the guilt of our polluted lip, O holy John."]



Of which the first tetrachord they express by Ut, re, mi, fa; the second by Re, mi, fa, sol; the third by Mi, fa, sol, la. And mi–fa (or fa–mi) is the semitone; but the rest, being next to one another, are greater and lesser tones.

Third, he so distributed the aforesaid syllables in five tetrachords — corresponding to the five fingers of the hand, and to as many keys — that he constituted 20 strings, and by an admirable compendium represented every difference of tones and semitones; yet retaining the seven letters earlier devised by St. Gregory the Great (A B C D E F G), which being completed, a return is made to A. But before the first A he placed Γ (Gamma), the capital Greek letter, to signify that the Greeks were the inventors of Music, and to add a tone toward completing the diapason, which two conjunct tetrachords do not fill. Concerning this hand or Musical Scale he himself wrote a book called the Micrologus or Introductorium, and dedicated it to Theobald, Bishop of Arezzo, promising in the dedicatory epistle that as much skill in singing could be drawn from it within a month as scarcely anyone could acquire in many years by the old method; and at the end he adds this clause: "The end of the Micrologus of Guido, aged 34 years, under Pope John XX," etc.

But although the greatest part of Europe received those six syllables, some were content with only four — Ut, re, mi, fa — as Mersenne reports (on Genesis 4, p. 1679). Others proposed seven — Ut, re, mi, fa, sol, la, bi — as Erycius Puteanus in his Musathena, that he might distinguish seven phthongi (which properly make up the diapason [octave]), just as the Greeks are said of old to have distinguished [theirs] by their seven vowels α ε υ ι η ο ω. But some Belgians (by Kepler's testimony, Harmonics 3, ch. 9) use these seven: Bo, ce, di, ga, lo, ma, ni; although in the year 1547 (by Maillard's testimony, ch. 10 on tones) these eight were celebrated in Belgium: Ut, re, mi, fa, sol, la, sy, o.

These things premised, behold now the Musical Scale, or greatest "mute" System [shown silently in a diagram], corresponding to the Greek strings and tetrachords, with the proportions of the intervals — which system indeed com-…


[The catchword "com-" points to p. 518 (PDF 553), which presents the great full-width scale-table of the whole Harmonic System (the Greek strings, Guido's letters and syllables, and the interval-proportions of the three genera), still within Chapter VI.]





(printed p. 518 — Chapter VI continued. The sources compiled for the great scale-diagram are named, and it is noted that Guido's scale is fitted in practice only to the Diatonic genus, enlarged to twenty-two strings beyond the ancients' disdiapason. The page presents the Greatest Diatonic System — the full medieval gamut of twenty-two notes with string-names, monochord proportions, clef-letters, solmization, and intervals — followed by an examination finding the chief consonance-species repeated in it and a corollary on why the consonances are named Octave, Fifth, Fourth, Twelfth, and Fifteenth.)



(…completing ¶III from p. 517, on the great scale-diagram:) …which we have compiled from those things which Guido himself hands down in the Introductorium; Barbaro and Philander (on Vitruvius bk. 5, ch. 4); Fogliano (last chapter of sect. 3); Zarlino (Harmonic Institutions 2, chs. 30, 33, and 36); Glareanus (Dodecachordon 1, chs. 5 and 19); Herigone (vol. 5 of the Mathematical Course, in Euclid's Music); Mersenne (on Genesis 4, from p. 1668); and Kircher (Musurgia 3, chs. 8, 9, and 13, and bk. 4, chs. 2 and 3). We have supplied from others the things which some omitted, and corrected what more than one confuses.

And although Guido's Scale could be adapted to the Chromatic and Enharmonic genus, it is not wont to be adapted except to the Diatonic; and although among the Ancients the greatest System consisted within the disdiapason (double octave) — as in the following scale, from the Proslambanomenos string to the Nete hyperbolaeon string, since the number 9216 to 2304 is quadruple, which constitutes the disdiapason, just as 9216 to 4608, or 4608 to 2304, is double and constitutes the diapason [octave] — nevertheless Guido, adding other strings, increased this system up to 22 strings.



THE GREATEST DIATONIC SYSTEM

(Systema Maximum Diatonicum, cum Divisione Monochordi Diatonici, & cum Typo Scalae Musicae Guidonis Aretini — "with the Division of the Diatonic Monochord, and with the figure of Guido of Arezzo's Musical Scale")


Read top (highest pitch) to bottom (lowest). Columns: the Greek string-name · its number (Greek/Boethian count | Guido's count) · the monochord-proportion (string-length) · the clef-letter · the solmization syllables · the interval down to the next string. The five top rows (ee–bb) and the bottom row (Γ) are Guido's additions, having no Greek name or Greek-number. "durum" = (natural) (hard/square b, sung mi); "molle" = (flat) (soft/round b, sung fa).






	Greek string-name
	Gr./Boeth. No.
	Guido No.
	Proportion
	Clef
	Solmization
	Interval below





	(Guido's addition)
	—
	22
	1536
	ee
	la
	Tone



	(Guido's addition)
	—
	21
	1728
	dd
	la · sol
	Tone



	(Guido's addition)
	—
	20
	1944
	cc
	sol · fa
	lesser Semitone



	(Guido's addition)
	—
	19
	2048
	bb (durum)
	mi
	greater Semitone (apotome)



	(Guido's addition)
	—
	18
	2187
	bb (molle)
	fa
	lesser Semitone



	Nete hyperbolaeon
	15
	17
	2304
	aa
	la · mi · re
	Tone



	Paranete hyperbolaeon
	14
	16
	2592
	g
	sol · re · ut
	Tone



	Trite hyperbolaeon
	13
	15
	2916
	f
	fa · ut
	lesser Semitone



	Nete diezeugmenon
	12
	14
	3072
	e
	la · mi
	Tone



	Paranete diezeugmenon
	11
	13
	3456
	d
	la · sol · re
	Tone



	Trite diezeugmenon
	10
	12
	3888
	c
	sol · fa · ut
	lesser Semitone



	Paramese
	9
	11
	4096
	b (durum)
	mi
	greater Semitone



	(b-fa, the "soft" B / synemmenon)
	—
	10
	4374
	b (molle)
	fa
	lesser Semitone



	Mese
	8
	9
	4608
	a
	la · mi · re
	Tone



	Lichanos meson
	7
	8
	5184
	G
	sol · re · ut
	Tone



	Parhypate meson
	6
	7
	5832
	F
	fa · ut
	lesser Semitone



	Hypate meson
	5
	6
	6144
	E
	la · mi
	Tone



	Lichanos hypaton
	4
	5
	6912
	D
	sol · re
	Tone



	Parhypate hypaton
	3
	4
	7776
	C
	fa · ut
	lesser Semitone



	Hypate hypaton
	2
	3
	8192
	B
	mi
	Tone



	Proslambanomenos
	1
	2
	9216
	A
	re
	Tone



	(Gamma — Guido's addition)
	—
	1
	10368
	Γ
	ut
	—






[The four tetrachords are bracketed in the original margin: Hyperbolaeon (Nete–Trite hyperbolaeon), Diezeugmenon (Nete–Trite diezeugmenon, with the note "hîc fit disiunctio chordarum" — "here occurs the disjunction of the strings" — at the Mese/Paramese whole-tone gap), Meson (Mese–Hypate meson), and Hypaton (Lichanos–Hypate hypaton). The hypaton tetrachord E·D·C·B = 6144 : 6912 : 7776 : 8192 is exactly the Pythagorean Diatonic tetrachord of ch. V (tone, tone, limma). All 22 proportions are mutually consistent: each "Tone" is 9 : 8, each "lesser Semitone" the limma 256 : 243, each "greater Semitone" the apotome 2187 : 2048.]





[IV.] Let us now examine this system, and in it, besides the tones and semitones, we shall find repeated the first five species of Consonances — as will stand from the following table:

The Whole String of Boethius

(Tota chorda Boetii) — as the ratio is, so is the whole string (9216) to the part:




	Consonance
	Ratio
	Whole string : part





	Diapason (Octave)
	2 : 1
	9216 : 4608



	Diapente (Fifth)
	3 : 2
	9216 : 6144



	Diatessaron (Fourth)
	4 : 3
	9216 : 6912



	Diapason-diapente (Twelfth)
	3 : 1
	9216 : 3072



	Disdiapason (Fifteenth)
	4 : 1
	9216 : 2304






[Margin: 3rd Corollary.]



From which, First, it is clear that the Diapason terminates at the eighth chord, the Diapente at the fifth, and the Diatessaron at the fourth chord, in either scale [Boethius's and Guido's]; but the Diapason-diapente at the twelfth of Boethius and at the thirteenth of Guido, and the Disdiapason at the fifteenth of Boethius but at the sixteenth of Guido. From which it is clear why the said consonances are called the Octave, Fifth, Fourth, Twelfth, and Fifteenth: namely because the chords consonant with the whole (which is placed first) are so situated that they are numbered in the eighth, fifth, [fourth, twelfth, fifteenth] seat.

It is clear, Secondly, that between the chords making the Diapason there are five tones [with two semitones], that is, 6 tones [in effect]; and between the chords making the Diapente, three tones with [a semitone]; … chords 1 and 4, which make the Diatessaron, … [two tones and] a semitone; and between the chords [the 12th of Boethius or] 13th of Guido, which make the Diapason-[diapente] …


[The page's text ends here, mid-sentence; the tone-content analysis of the consonances continues on p. 519 (PDF 554), still within Chapter VI. (The right-hand column runs to the page edge and its final word is not legibly captured by the scan.)]





(printed p. 519 — Chapter VI continued. The Third Corollary concludes with the tone-content of the consonances and the observation that eleven of the fourteen consonances are not found exactly in the diatonic scale, as a subjoined table shows. Then follow the parallel gamut-tables of the Chromatic and Enharmonic systems, Martianus Capella's eight octave-species, and the introduction of Kepler's "Greatest System," the perfect disdiapason system of Ptolemy, to be tabulated on p. 520.)



(…concluding the tone-content analysis from p. 518:) …and a semitone; finally, between [chords] 1 and 15 of Boethius, or 1 and 16 of Guido, which make the Disdiapason, there are twelve tones. Which whole doctrine concerning the Tones and semitones contained in the aforesaid consonances Macrobius sets forth expressly (bk. 2 on the Dream of Scipio, ch. 1), and in great part Censorinus (On the Birthday, ch. 11) and Pliny (bk. 2, ch. 22).

Thirdly, it is established that the remaining eleven consonances out of the 14 numbered by us in ch. 4 (in Table 1) are not found exactly in this scale — because in it the ratio of tones and semitones is observed, and it is a division not so much of a single string as a comparison of several different strings. But if in Guido's Scale the remaining consonances ought to be found, the numbers which you see in the subjoined table would have to be found in it:

The inexact consonances in Guido's 10368-string

(as the ratio is, so is the whole string 10368 to the part — but the parts do not come out as whole numbers)




	Consonance
	Ratio
	Whole 10368 : part (as printed)





	Ditone
	5 : 4
	10368 : 8294



	Semiditone
	6 : 5
	10368 : 8640



	Hexachordum maius
	5 : 3
	10368 : 6220



	Hexachordum minus
	8 : 5
	10368 : 6485



	Decima maior (major 10th)
	5 : 2
	10368 : 6147



	Decima minor (minor 10th)
	12 : 5
	10368 : 4320



	Undecima (11th)
	8 : 3
	10368 : 3891



	Decimatertia maior (major 13th)
	10 : 3
	10368 : 3112



	Decimatertia minor (minor 13th)
	16 : 5
	10368 : 3240






[Translator's note: the values are transcribed exactly as printed (verified at 400 dpi). Riccioli's point is that these consonances yield no clean integer in Guido's diatonic scale: by the exact arithmetic the parts would be 8294.4, 8640, 6220.8, 6480, 4147.2, 4320, 3888, 3110.4, 3240. Several printed figures are the nearest roundings (8294, 6220, 3112), but a few appear to be printer's slips — notably 6485 for the minor Hexachord (8:5 gives 6480), 6147 for the major Tenth (5:2 gives ≈4147), and 3891 for the Eleventh (8:3 gives 3888). In the Decima-minor row the whole string is misprinted "18368" (for 10368); the intended 10368 is shown above.]





THE CHROMATIC SYSTEM

(Systema Chromaticum, seu Divisio Monochordi Chromatici — each tetrachord descends by a Trihemitone (19:16) and two Semitones; the proportions are the interval-numbers)




	Tetrachord
	String
	Proportion
	Interval below





	Hyperboleon
	Nete hyperboleon
	2304
	Trihemitone



	
	Paranete hyperbol.
	2736
	Semitone



	
	Trite hyperbol.
	2916
	Semitone



	Diezeugmenon
	Nete diezeugmenon
	3072
	Trihemitone



	
	Paranete diezeug.
	3648
	Semitone



	
	Trite diezeugmenon
	3888
	Semitone



	
	Paramese
	4096
	Tone (disjunction of strings)



	Meson
	Mese
	4608
	Trihemitone



	
	Lichanos meson
	5472
	Semitone



	
	Parhypate meson
	5832
	Semitone



	Hypaton
	Hypate meson
	6144
	Trihemitone



	
	Lichanos hypaton
	7296
	Semitone



	
	Parhypate hypaton
	7776
	Semitone



	
	Hypate hypaton
	8192
	Tone



	
	Proslambanomenos
	9216
	—






Synemmenon (conjunct) branch, replacing Paramese: Nete synemmenon 3456 (Trihemitone) — Paranete synemmenon 4104 (Semitone) — Trite synemmenon 4374 (Semitone) — Mese 4608.



THE ENHARMONIC SYSTEM

(Systema Enharmonicum, seu Divisio Monochordi Enharmonici — each tetrachord descends by a Ditone (81:64) and two Dieses)




	Tetrachord
	String
	Proportion
	Interval below





	Hyperboleon
	Nete hyperboleon
	2304
	Ditone



	
	Paranete hyperb.
	2916
	Diesis



	
	Trite hyperb.
	2994
	Diesis



	Diezeugmenon
	Nete diezeugmenon
	3072
	Ditone



	
	Paranete diezeug.
	3888
	Diesis



	
	Trite diezeugmenon
	3992
	Diesis



	
	Paramese
	4096
	Tone (disjunction)



	Meson
	Mese
	4608
	Ditone



	
	Lichanos meson
	5832
	Diesis



	
	Parhypate meson
	5988
	Diesis



	Hypaton
	Hypate meson
	6144
	Ditone



	
	Lichanos hypaton
	7776
	Diesis



	
	Parhypate hypaton
	7984
	Diesis



	
	Hypate hypaton
	8192
	Tone



	
	Proslambanomenos
	9216
	—






Synemmenon (conjunct) branch: Nete synemmenon 3456 (Ditone) — Paranete synemmenon 4374 (Diesis) — Trite synemmenon 4491 (Diesis) — Mese 4608.

[These tables are internally consistent: in the Chromatic each Trihemitone = 19:16 and each tetrachord spans the Diatessaron 4:3; in the Enharmonic each Ditone = 81:64 (the Pythagorean ditone) and the hypaton tetrachord 6144 / 7776 / 7984 / 8192 matches the "Ancient Enharmonic" tetrachord of ch. V. The disjunctive Tone (Hypate hypaton → Proslambanomenos, 8192 → 9216) is 9:8.]





In the aforesaid systems — but chiefly in the Diatonic — Martianus Capella (bk. 9, ch. What a System is) considers eight perfect species of systems [octave-species]:


	from Proslambanomenos to Mese;

	from Hypate hypaton to Paramese;

	from Parhypate hypaton to Trite diezeugmenon;

	from Lichanos hypaton to Paranete diezeugmenon;

	from Hypate meson to Nete diezeugmenon;

	from Parhypate meson to Trite hyperbolaeon;

	from Lichanos meson to Paranete hyperbolaeon;

	from Mese to Nete hyperbolaeon;



— so that each Species comprises an Octochord [an octave of eight notes].

[V.] But because Kepler constitutes his consonances otherwise, it is pleasing to subjoin here, from his Book 3 of the Harmonics, ch. 11, the Greatest System — containing the perfect and imperfect consonances with their intervals, through two diapasons (or through the disdiapason), which Ptolemy also called the perfect System; and it contains consonances both perfect and imperfect, for the discerning of which we have added from our own [resources] another little table.


[The catchword "SYSTE-" points to p. 520 (PDF 555), which presents Kepler's "Greatest System" table (the disdiapason perfect system, with the perfect and imperfect consonances) and Riccioli's added discerning-table, still within Chapter VI.]





(printed p. 520 — Chapter VI continued: Kepler's System, an almost entirely tabular page. The Systema Keplerianum sets out Kepler's chromatic two-octave scale of twenty-five strings, flanked by the principal diatonic gamut-notes with Guidonian solmization. Below, Riccioli's added table shows that the whole string of 2160, struck with each of the others, renders all fourteen consonances exactly — the point being that, unlike Guido's diatonic scale, Kepler's system contains every consonance in exact whole numbers.)



THE KEPLERIAN SYSTEM

(Systema Keplerianum — "Strings with Clefs and Intervals," Chordae cum Clavibus et Intervallis)


Kepler's chromatic two-octave scale (the disdiapason 540 : 2160 = 4 : 1), read top (highest) to bottom (lowest). The clef-letters are Kepler's note-names (doubled letters = the higher register; a "g"-suffix marks the chromatic/sharp note). Each printed interval is verified: Semitone = 16:15, Limma = 256:243, Diesis = 25:24. ("B" appears at the very top of the column, apparently a register-label above the highest string gg.)






	Clef
	Proportion
	Interval below





	gg
	540
	Semitone



	ffg
	576
	Limma



	ff
	607
	Semitone



	ee
	648
	Diesis



	ddg
	675
	Semitone



	dd
	720
	Semitone



	ccg
	768
	Limma



	cc
	810
	Semitone



	hh
	864
	Diesis



	bb
	900
	Semitone



	a
	960
	Semitone



	gg
	1024
	Limma



	g
	1080
	Semitone



	fg
	1152
	Limma



	f
	1215
	Semitone



	e
	1296
	Diesis



	dg
	1350
	Semitone



	d
	1440
	Semitone



	cg
	1536
	Limma



	c
	1620
	Semitone



	h
	1728
	Diesis



	b
	1800
	Semitone



	A
	1920
	Semitone



	Gg
	2048
	Limma



	G
	2160
	—






Beside this runs the column of principal (diatonic) strings with their Guidonian solmization: ee la · dd la-sol · cc sol-fa · bb fa / b mi · aa la-mi-re · g sol-re-ut · f fa-ut · e la-mi · d sol-re · c fa-ut · b fa / b mi · a la-mi-re · G sol-re-ut · F fa-ut · E la-mi · D sol-re · C fa-ut · B mi · A re · Γ ut — "here not only the lines, but also the spaces, signify the principal strings, after the manner of the more recent Diagrams."





The discerning-table

(The whole string BG = 2160, struck together with each string written below, renders the consonance written below, by the proportions appended)




	BG with
	makes the Consonance
	Ratio (as … to …)
	2160 : part
	Ordinal (counted from the first G)





	g
	Diapason
	2 : 1
	2160 : 1080
	Octave



	d
	Diapente
	3 : 2
	2160 : 1440
	Fifth



	c
	Diatessaron
	4 : 3
	2160 : 1620
	Fourth



	dd
	Diapason-diapente
	3 : 1
	2160 : 720
	Twelfth



	gg
	Disdiapason
	4 : 1
	2160 : 540
	Fifteenth



	h
	Ditonus
	5 : 4
	2160 : 1728
	Third, hard or major



	b
	Semiditonus
	6 : 5
	2160 : 1800
	Third, soft or minor



	e
	Hexachordum maius
	5 : 3
	2160 : 1296
	Sixth, major (hard)



	dg
	Hexachordum minus
	8 : 5
	2160 : 1350
	Sixth, minor (soft)



	hh
	Diapason cum ditono
	5 : 2
	2160 : 864
	Tenth, major



	bb
	Diapason cum semiditono
	12 : 5
	2160 : 900
	Tenth, minor



	cc
	Diapason diatessaron
	8 : 3
	2160 : 810
	Eleventh



	ee
	Diapason cum hexachordo maiore
	10 : 3
	2160 : 648
	Thirteenth, major



	ddg
	Diapason cum hexachordo minore
	16 : 5
	2160 : 675
	Thirteenth, minor



	g
	(+ + + — no proper name)
	15 : 4 (printed 3 432/576 : 1)
	2160 : 576
	Fourteenth, most imperfect






[All proportions check exactly: 2160 / 1080 = 2, / 1440 = 3/2, / 1620 = 4/3, / 720 = 3, / 540 = 4, / 1728 = 5/4, / 1800 = 6/5, / 1296 = 5/3, / 1350 = 8/5, / 864 = 5/2, / 900 = 12/5, / 810 = 8/3, / 648 = 10/3, / 675 = 16/5, / 576 = 15/4. The last (15:4) has no compact consonance-name (hence the three crosses in the original) and is reckoned the "most imperfect Fourteenth."]

[The catchword "Idem" points to p. 521 (PDF 556), still within Chapter VI.]





(printed p. 521 — Chapter VI ends with Kepler's two remaining tables, giving the just major and minor octave-scales and the least chromatic intervals; then Chapter VII begins, on whether and in what order the Muses and the strings ought to be accommodated to the celestial spheres. The world-harmony theme opens with Macrobius on the Sirens of the orbs, the Muses as the song of the world, strophe and antistrophe figuring the two heavenly motions, and the disputed number and names of the Muses, closing with Apollo Musagetes.)



(conclusion — Kepler's two remaining tables)

But the same Kepler (Harmonics 3, ch. 7), the whole string being divided into 720 equal parts, determined the quantity of the remaining strings up to the Octave, for the hard and soft song [major and minor], as you see in the first of the following little tables. And the whole string being divided into 2160 parts (ch. 8), he determined the least intervals within one Diapason, as in the latter table.

Table I — Of the Length of the Strings

(Tabula I. Longitudinis Chordarum)




	Order of strings
	For Soft Song (minor)
	For Hard Song (major)





	8
	360
	360



	7
	405
	405



	6
	450
	432



	5
	480
	480



	4
	540
	540



	3
	600
	576



	2
	640
	640



	1
	720
	720






(The two scales differ only at the 3rd and 6th degrees. The major 720·640·576·540·480·432·405·360 has the step-pattern T-t-s-T-t-s-T; the minor 720·640·600·540·480·450·405·360 has T-s-t-T-s-t-T — the just diatonic scales, where T = 9:8, t = 10:9, s = 16:15.)



Table II — For the least Intervals

(Tabula II. Pro minimis Intervallis) — the chromatic notes within one Diapason (1080 : 2160)




	Length
	Interval below





	1080
	Semitone



	1152
	Limma



	1215
	Semitone



	1296
	Diesis



	1350
	Semitone



	1440
	Semitone



	1536
	Limma



	1620
	Semitone



	1728
	Diesis



	1800
	Semitone



	1920
	Semitone



	2048
	Limma



	2160
	—






(Verified: every Semitone = 16:15, every Limma = 256:243, every Diesis = 25:24; 1080 : 2160 = the octave 2:1.)






Chapter VII, Whether, and in what order, the voices of the Muses and the sounds of the Strings ought to be accommodated to the Celestial Spheres

(An et Quo ordine Musarum voces, & Chordarum sonos Caelestibus sphaeris accommodare oporteat)


[Margin: Sirens and Muses, presidents of the celestial orbs.]



[I.] I shall begin from Macrobius, who (bk. 2 on the Dream of Scipio, ch. 3) says: "Plato in his Republic (namely bk. 10), when he treated of the revolution of the celestial spheres, says that single Sirens sit upon the single orbs" — signifying that by the motion of the spheres a song is presented to the divine powers; for Siren, in the Greek understanding, means "one singing to God" (Deo canens). The Theologians too [posit] nine Muses, etc. And a little below: "That the Muses are the song of the World even the rustics know" (or, as others read, "the Etruscans know") — who call them Camoenae, as if Canenae, from singing (canere); for these the meters were wont to be made with instruments.


[Margin: Strophe and Antistrophe, a symbol of the two heavenly motions.]



In the very hymns of the gods, too, by strophe and antistrophe the meters were applied to the tuneful verses — so that by the strophe the direct motion of the starry orb, and by the antistrophe the diverse retrograde [motion] of the wandering [planets], might be set forth; of which two motions, the first (by nature to be dedicated to God) took its beginning. Concerning the use of strophe and antistrophe and the motion in a circle, for representing the two motions of the heaven, this is held also by Didymus and Victorinus (in the scholia on Pindar), the ordinary gloss on Pindar, and Triclinius (on our Sophocles) — whose words Mazzoni reports (Defense of Dante, bk. 2, ch. 34); and he reconciles Didymus and Victorinus (who say the strophe was from right to left, to show motion from East to West) with the Gloss and Triclinius (who say it was left to right) — because the former spoke of the right and left of the World, the latter of the right and left of man.


[Margin: The number and names of the Muses.]



But returning to the Muses, there is no agreement among writers as to their number, names, order, or offices. Phurnutus related that there were once two, on account of Theory and Practice; three [say] Ephorus (in Arnobius), Varro, St. Augustine, and Tzetzes the Grammarian (on Hesiod) — namely Cephiso, Apollonis, and Borysthenis, daughters of Apollo — which Glareanus (Dodecachordon 2, ch. 14) says was a fiction on account of the threefold sound, made by voice, by breath, or by percussion. Yet four are posited by Aratus (bk. 5), daughters of Jupiter and the nymph Plusia — Arche, Melete, Thelxinoë, and Aoede; and likewise Cicero (On the Nature of the Gods 3) names four — Thelxiope, Mneme, Aoede, Melete. But Epicharmus, at the wedding of Hebe, reckons seven, daughters of Pierus and the nymph Pimpleïs — Nilus, Triton, Asopus, Heptapolis, Acheloïs, Tipoplus, and Rhodia. Yet the more common opinion, with Homer, Hesiod, and Orpheus, holds there were nine Muses, daughters of Jupiter and Mnemosyne; nor did Phurnutus dissent, saying that the ternary multiplied into itself (3 × 3) begets the novenary number of the Muses. Hesiod, in the Theogony, reckons their names in this order:


Clio, and Euterpe, and Thalia, and Melpomene,
and Terpsichore, and Erato, and Polyhymnia, and Urania,
and Calliope — who is she that excels all in order.

[Margin: The inventions and offices of the Muses.]



Their inventions and gifts, too, not all reckon alike. Our fellow-countryman Lilius Gregorius Gyraldus (Syntagma 7, On the gods of the nations, under Musa) reports these: Clio invented history; Thalia the art of planting; Euterpe the flutes; Melpomene the Ode (song); Terpsichore the Chorea (dance); Erato nuptial [songs] and dancing; Polyhymnia agriculture; Urania astrology; Calliope poetry. Yet below he interprets them allegorically: Urania = the sublimity of intelligence; Polyhymnia = the capacity of memory; Euterpe = the delight of the will; Erato = the love of like things; Melpomene = the profundity of thought; Terpsichore = the exercise of the arts; Calliope = the beauty of eloquence; Clio = the good fame and glory begotten of the foregoing; and Thalia = the germination of the virtues. The same Gyraldus sets forth this Greek epigram, rendered by him into Latin:


Calliope showed the hero the art of song;
Clio brought forth the sweet-sounding measures of the lyre;
Euterpe the resounding song of the tragic chorus;
Melpomene moved the barbitons with sweet concord;
and pleasing Terpsichore made ready to blow the reeds;
but Erato found the gods' delightful hymns;
Polyhymnia joined harmony to numbers, and the dances;
Urania [sang] the chorus of the stars and the heaven's rotations;
the comic life is thine, Thalia, and the manners found out.

[Margin: Apollo Musagetes.]



Apollo himself, moreover, is called Μουσηγέτης (Musagetes), that is, the Leader and Choirmaster of the Muses — as Phurnutus, Macrobius (bk. 2 on the Dream of Scipio, ch. 3), and Proclus (on Plato) relate; whose words are: "Apollo is worshipped as Musagetes, because he is the unity [tending] to harmony in the universe; and he is the choirmaster of the Muses of the whole novenary number — by which two [the unity and the nine] the whole world is bound together with indissoluble bonds."

[II.] As for what pertains to the order of the Muses with the celestial [spheres]…


[The catchword "caele-" points to p. 522 (PDF 557), which continues ¶II on the order of the Muses and the spheres, within Chapter VII.]





(printed p. 522 — Chapter VII continued. The order of the Muses with the spheres is expounded from Cicero's Dream of Scipio and Macrobius, with Calliope as the ninth, the symphony of all the spheres; three differing assignments (Glareanus, Ficino and Zarlino, Gyraldus) are set out in a synopsis table. Riccioli then gives his verdict that these analogies were fixed "more elegantly than truly," supported by four reasons against the scheme, the fourth beginning at the page's end.)




[Margin: The order of the Muses in the heavens. — Cicero's opinion. — And Macrobius's.]



[II.] As for what pertains to the order of the Muses compared with the celestial [spheres], various [authors] think variously. Eudoxus indeed determined nothing of this; nor did Cicero in the Dream of Scipio — though he indicated his mind obscurely in these words: "Nine orbs, or rather globes, are all connected: of which one — the outermost and celestial, embracing all the rest — is the supreme God himself, restraining and containing the others, in which are fixed those everlasting courses of the turning stars. Beneath it are the seven, turned backward by a motion contrary to the heaven's," etc.; and a little below: "And in the lowest orb the Moon is kindled by the Sun's rays" (the lowest of the moving bodies); for soon after he adds: "For that which is the middle and ninth, the Earth, neither moves and is the lowest, and toward it all things are borne by their own weight." Wherefore, by Cicero's mind, the lowest Muse is to be assigned to the Earth, the highest to the sphere of the Fixed stars (or to the whole heaven, as containing in itself all the others' motions).

This passage of Cicero Macrobius illustrates (bk. 2 on the Dream of Scipio, ch. 3), teaching that the Muses are to be ascribed to the celestial spheres in exactly the order Hesiod enumerated — so that Clio [is given] to the lowest, Urania to the eighth sphere, and Calliope is the most beautiful voice, as rising from the concord of all the spheres. Macrobius's words: "The Theologians too held there were nine Muses — the eight musical songs of the spheres, and one greatest [harmony] containing [them], which consists of all; whence Hesiod in the Theogony calls his eighth Muse Urania, because after the seven wandering [spheres] beneath, the eighth, the starry sphere placed above, is by its own name called heaven. And to show there is a ninth and greatest [Muse], which the concordant whole of sounds produces, he added: 'Calliope, and she is the most excellent of them all' — showing by the name that the very sweetness of voice is called the ninth Muse (for Καλλιόπη is the Greek for 'best voice'); and to mark more closely that she is the one consisting of all, he assigned to her the word of the whole, namely 'most excellent of all.'"


[Margin: Glareanus's opinion.]



The same of Calliope held Glareanus (Dodecachordon 2, ch. 12): "that the ninth orb must be understood as the symphony conflated from these eight sounds, and on this account called Calliope, as Plato philosophizes of the Muses in the Republic" — not rashly, in the judgment of all the learned; the same is Cicero's treatment in the Dream of Scipio. And (ch. 14) he affirms, from Plato (Republic 10), that the Sirens assigned to the single spheres are called the eight Muses on account of the eight sounds, and the Symphony conflated from these is called by him the ninth Muse, and by Hesiod Calliope, as the most excellent of all; and he praises Cristoforo Landino (above Servius) for interpreting, of this universality and excellence of voices comprehended in Calliope, that verse of Virgil (Aeneid 9): "You, O Calliope, I pray, breathe upon me as I sing" — where the best of Poets, using the plural, is addressing Calliope as her who comprehends all the others in or under herself.

In the System of the World, then, [Glareanus], together with Hesiod, assigns to the Moon Clio; to Mercury Euterpe; to Venus Thalia; to the Sun Melpomene; to Mars Terpsichore; to Jupiter Erato; to Saturn Polyhymnia; to the Fixed stars Urania; and to the last orb of all, Calliope.


[Margin: Marsilio Ficino's opinion.]



But Marsilio Ficino (in [his commentary on] Plato's dialogue On Poetic Fury), and subscribing to him Zarlino (Harmonic Institutions 2, ch. 19), apply: to the Moon Thalia; to Mercury Euterpe; to Venus Erato; to the Sun Melpomene; to Mars Clio; to Jupiter Terpsichore; to Saturn Polyhymnia; to the Fixed-stars sphere Urania; and over the single spheres and all together they set Calliope, to signify the concord arising from them all.

But Gyraldus (Syntagma 7, On the gods of the nations, under Musa) attributes Thalia to the Earth, as silent and having no concord; to the Moon Clio and the hypodorian mode; to Mercury Calliope and the hypophrygian; to Venus Terpsichore and the hypolydian; to the Sun Melpomene and the dorian; to Mars Erato and the phrygian; to Jupiter Euterpe and the lydian; to Saturn Polyhymnia and the myxolydian; to the Fixed stars Urania and the hypermyxolydian. To which opinion subscribes, in Mersenne (on Genesis 4, verse 21, p. 1704), an unnamed author in these verses:


Persephone [a — the Moon] and Clio breathe; therefore the hypodorian is born:
whence the Proslambanomenos [b — the lowest string] generates its origin.
And next [Calliope] gives the hypophrygian chord that follows,
which Calliope herself brings forth — the interpreter [c — Mercury] himself brings it forth — of the gods.
The third shows the hypolydian beginnings on the strings:
Terpsichore meets it; kindly Paphis [d — Venus] sets it in order.
Melpomene and Titan [e — the Sun], believe me, appoint the mode
which is said to stand in the fourth place, the Dorian.
Erato would prescribe the fifth string to the Phrygian —
Mars too, ever loving battles, not peace.
The Lydian thou shalt have of Euterpe and of Jupiter;
she, sweetly holding [it], bade that to be the sixth string.
Saturn drives Polyhymnia's seventh string,
the principle whence the myxolydian takes its rise.
And while Urania searches out the eighth, her friend,
the hypermyxolydian turns the pole by art.

[The margin keys the planets: a = Moon, b = Proslambanomenos (the lowest string), c = Mercury, d = Venus, e = Sun. The verses encode exactly Gyraldus's assignment of Muse, planet, and mode. A few phrases are awkward in the original Latin mnemonic; "Prosmeledes" stands for the Proslambanomenos, "Paphis" = Venus, "Titan" = the Sun.]



It pleases me, therefore, to bring these opinions together into one synopsis, in the following table:

The Distribution and Place of the Muses in the System of the World

(Musarum Distributio et Locus in Systemate Mundi)




	Sphere (Glareanus)
	Glareanus
	Ficino & Zarlino
	Gyraldus & others (in Mersenne)





	The Ninth, or the eight together
	Calliope
	Calliope
	—



	Fixed stars
	Urania
	Urania
	Urania



	Saturn
	Polyhymnia
	Polyhymnia
	Polyhymnia



	Jupiter
	Erato
	Terpsichore
	Euterpe



	Mars
	Terpsichore
	Clio
	Erato



	Sun
	Melpomene
	Melpomene
	Melpomene



	Venus
	Thalia
	Erato
	Terpsichore



	Mercury
	Euterpe
	Euterpe
	Calliope



	Moon
	Clio
	Thalia
	Clio



	Earth
	—
	—
	Thalia






(The "—" marks where the original sets a cross, i.e. no Muse assigned to that place.)



And so all agree in the distribution of three Muses — Urania, Polyhymnia, and Melpomene [= the Fixed stars, Saturn, and the Sun]; in the rest they do not all agree.


[Margin: Our opinion, and a censure from Aristotle and Pliny.]



[III.] You will now ask our opinion: to which indeed we reply that these analogies and harmonies have been determined by the aforesaid authors more elegantly than truly — to use Aristotle's words (On the Heaven 2, text 52), or to say with Pliny (bk. 2, ch. 22): "Saturn is moved by the Dorian, Mercury by [its] phthongus, Jupiter by the Phrygian," and the like in the rest, with a subtlety more pleasant than necessary; and Macrobius himself (bk. 2 on the Dream of Scipio, ch. 4) says that to pursue these things more subtly "belongs to one showing off, not to one teaching." And of the same opinion are Glareanus (Dodecachordon 2, ch. 13, at the end), Zarlino (Harmonic Institutions 2, ch. 29, at the end), Mersenne (on Genesis 4, p. 1704), and Kircher (Musurgia 10, p. 381).


[Margin: Our reasons.]



But the reason that moves me is not a single one.

First — how inconstant the tradition has been concerning the number, names, and properties of the Muses, we have made plain enough at number 1 [in ¶I].

Second — the order of the celestial spheres itself was various among the older Astronomers, as is clear from the variety of world-systems already expounded by us (bk. 3, ch. 6, and bk. 9, sect. 3); wherefore you would not even satisfy Macrobius by assigning Thalia and Euterpe to Venus and Mercury, since he allows those planets to be carried above the Sun as well.

Third — if the Sun is the leader of the Muses (and so called Musagetes), how does one of the Muses preside over the Sun's own sphere — or [is she there] as his vicar or helper? Again, if no ninth sphere is granted, distinct from the others as a Prime Mobile, but each planet is moved by a single spiral motion, there will be no sphere to which Calliope (or any other ninth Muse) can be assigned; and much less is a Muse to be given to the Earth, since it does not move.

Fourth — how, with the pla[nets]…


[The text breaks off mid-word at "Quartò quomodo cum Pla-"; the fourth reason continues on p. 523 (PDF 558), within Chapter VII.]





(printed p. 523 — Chapter VII continued. The case against the Muse-sphere scheme concludes — better to recognize the Peripatetic Intelligences as governesses of the heavens — and a sub-section opens on the analogy of the strings and the celestial spheres. The celestial Lyre's disputed invention and string-number are surveyed; then the positive case for real celestial harmony from Cicero and Macrobius, the cause of the authors' disagreement (the twofold motion and the orbs' size), and the First opinion, which gives the higher pitch to the swifter superior spheres.)



…[Fourthly] — how, with the Platonic opinion, will the Muses and the Sirens stand together, if Greece has elsewhere fabled that the Sirens were conquered by the Muses in a contest of song? It is better, therefore, these fables being dismissed, to recognize in the place of the Muses the Peripatetic Intelligences — which the Theologians too acknowledge — as the governesses of the heavens.



On the Analogy of the Strings and the Celestial Spheres

(De Chordarum & Caelestium sphaerarum Analogia)


[Margin: The inventor of the Lyre — Mercury or Apollo?]



[IV.] Before we treat of the strings of the celestial Lyre, it must briefly be inquired who was the inventor of the Lyre, and of how many strings. For if we believe Diodorus Siculus, Mercury devised the three-stringed Lyre, but Orpheus made it four-stringed; while Terpander (by Plutarch's testimony, in the opuscule On Music) added to it the laws and the names of the strings — though Suidas, Boethius (bk. 1, ch. 20), and Aristotle (sect. 19, problem 32) attribute the seven-stringed Lyre to him. But Macrobius (Saturnalia 1, ch. 19) relates that the tetrachord [four-stringed] was attributed to Mercury, to signify as many regions of the world or seasons of the year; and he adds that "by the seven-stringed Lyre of Apollo the motions of as many celestial spheres are given to be understood, over which Nature set the Sun as governor." But in his poetic Astronomicon, Hyginus affirms that Mercury was the inventor of the seven-stringed Lyre, on account of the number of the seven Pleiades (or Atlantides); and that, when Mercury had driven off Apollo's cattle, to satisfy Apollo (who pursued him) he complied and conceded that Apollo should name himself the inventor of the seven-stringed Lyre — which was moreover increased by Apollo with that wand by which, a little after, Mercury (reconciling two serpents) was wont to carry the caduceus in place of the lyre.

But even before Hyginus, Homer, in the hymn he dedicated to Mercury, acknowledges him the inventor of seven symphonies through as many strings made from birds' entrails, in this verse:


Ἑπτὰ δὲ συμφώνους ὀΐων ἐτανύσατο χορδάς — that is,
"And he stretched seven consonant strings from the entrails of sheep."



With whom agrees Horace (Odes 3, Ode 11), addressing Mercury and his lyre (testudo):


"And thou, O lyre, skilled to resound with seven strings."



In imitation of this — or to imitate the seven symphonies, whether celestial or human — Pan is believed to have first compacted seven reeds into one wind-instrument; such a pipe Ovid mentions (Metamorphoses 2) in this hemistich: "…the pipe unequal with seven reeds"; and Corydon in Virgil (Eclogue 2): "I have a pipe compacted of seven unequal hemlock-stalks." Though that Menalcas in Theocritus boasts of a pipe of nine tones (or reeds) made by himself, in this verse:


Σύριγγ' ἐποίησα καλὰν ἐγὼ ἐννεάφωνον — that is,
"I myself made a beautiful syrinx of nine tones."

[Margin: The 7 Species of the Diapason.]



But returning to the seven-stringed Lyre: Glareanus (Dodecachordon 2, ch. 12) judges that by its seven strings are signified the seven species of consonances into which the Diapason is divided, and which reign in the two octochord instruments; and to this he draws that verse of Virgil (Aeneid 6):


"And likewise the Thracian priest [Orpheus] in the long robe accompanies [them] with his numbers, the seven distinctions of tones."



And those species of the Diapason are: Diapason-diapente; Disdiapason; Diapason-with-ditone; Diapason-with-semiditone; Diapason-with-greater-hexachord; and Diapason-with-lesser-hexachord — unless for these you understand the seven simple consonances which we enumerated in ch. 4, table 1.


[Margin: Cicero's opinion on the high sound of the supreme sphere.]



[V.] But whatever may be the case about the inventor and purpose of the seven- (or even nine-) stringed Lyre or pipe, it is certain that not a few authors, and not to be despised, recognized in the celestial spheres the intervals and distinctions of grave and acute voices, and so adapted to them the strings of the Lyre or of the harmonic system. In which, from the Platonic source, Cicero led the way in the Dream of Scipio: when Scipio asks, "What is this, I say — what so great and so sweet a sound that fills my ears?", he brings in his father Paulus answering in these words: "This is that [sound] which, joined by intervals unequal yet distinguished in due proportion, is produced by the impulse and motion of the orbs themselves; which, tempering high with low, makes equable concords. For the motions cannot be set going in silence; and nature brings it about that the extremes sound, on the one side gravely, on the other acutely. For which cause that highest course of the starry heaven, whose revolution is swifter, is moved with a high, excited sound; but the lowest, the Moon's, with the gravest. For the Earth, ninth, remaining immobile, always clings in the lowest seat, embracing the middle place of the world. But those eight courses — in which the same force is [shared by] two — produce seven sounds distinct by intervals, which number is the knot of nearly all things; which learned men, imitating with strings and songs, have opened for themselves a return to this place."


[Margin: Macrobius's opinion.]



Explaining these words, Macrobius (bk. 2, ch. 4) teaches that from a great and swift collision of the air an acuter [higher] sound is made, but from a slow and more sluggish one a graver [lower] — which he confirms by the example of a rod [swung] through the air, and of strings (which, stretched by a tighter pull, sound higher; by a looser, lower), and of flutes and pipes (whose narrower holes, or those more remote from the blower's mouth, give a graver sound than the wider or nearer). Whence he concludes that to the supreme starry orb — both for its magnitude, by which it extends immensely, and for the greatest velocity of its diurnal motion to the West — the acutest [highest] sound is due; but to the Moon, for the narrowness of its orb and the slowness of its motion, the gravest [lowest]; and, of the other spheres described by Tully, that the Earth is immobile, the other eight mobile — yet that there are only seven sounds, because Mercury and Venus move with the same motion as the Sun, and therefore Cicero said the force of the two is the same.


[Margin: Glareanus's exposition of Cicero and the text.]



But Glareanus (Dodecachordon 2, ch. 12) thinks the passage of Cicero is corrupt and not sufficiently understood by Macrobius, and that the word "seven" should be referred not to the sounds but to the intervals — so that the eight courses produce [eight] sounds, but distant from one another by seven intervals; or rather it should be read: "But those courses, in which the force of the extremes is the same, produce sounds distinguished by seven intervals." For from Music it is read that eight phthongi (or principal voices) produce seven intervals, that is, the seven species of the Diapason.


[Margin: The cause of the diversity of opinions in this matter.]



[VI.] Now from the sources of Plato and Cicero three different opinions have flowed: of which the First assigns to the supreme sphere the highest [acutest] of the strings — that is, either the Mese (the highest of the prior nine strings of the harmonic system) or the Nete hyperbolaeon (the highest in the ancient 15-string system). The Second assigns to the supreme sphere the gravest [lowest] string — namely the Proslambanomenos, or at least the Hypate hypaton. The Third, finally, either adheres to both under differing considerations, or strives to reconcile them, though leaning more to one than the other.

The cause of the diversity of these opinions is, on the one hand, the twofold motion apparent in the heaven, and on the other, the diverse distance and magnitude of the orbs. For if the common motion (called the Prime Mobile's, toward the West) be regarded, the Fixed stars move faster than Saturn, and Saturn than the lower planets; and by that reckoning the highest sound is due to [the Fixed sphere]. But if the proper apparent motion toward the East be regarded, slowest is the course of the Fixed stars, then Saturn, etc.; wherefore, for this [smallness] of motion, the gravest sound seems assignable to them. And by distance — since the length of a string and the magnitude of bodies give a graver sound than shortness and smallness (as Aristotle teaches, sect. 19, problem 8) — it seems that to the spheres and orbs more remote from the Earth a graver [lower] sound should be attributed.

It is moreover disputed whether the string giving the gravest sound ought to be placed in the innermost place of the musical System and of the tetrachords (the highest in the supreme place), or rather the gravest in the supreme and the highest in the lowest — on which Glareanus disputes acutely (Dodecachordon 1, ch. 5, and bk. 2, ch. 8).


[Margin: The 1st Opinion — of Cicero, Macrobius, and Guido of Arezzo.]



[VII.] The First opinion is that of Guido of Arezzo, whom many have followed; who (as is clear from the systems set forth in ch. 5, after number 3) placed in the innermost place the gravest string [Gamma], to which succeeds the Proslambanomenos, and in the supreme degrees of the Scale the higher sounds — which agrees with Cicero (Republic 6, the Dream of Scipio) and Macrobius: namely, that the superior bodies, as swifter in the diurnal motion, give a higher but lesser sound, but the inferior, as slower, a greater but graver [lower] sound…


[The text breaks off at "graviorem so-" (sonum); ¶VII continues on p. 524 (PDF 559), within Chapter VII.]





(printed p. 524 — Chapter VII continued. The First opinion (highest pitch to the supreme sphere) is completed with its followers and supporting analogies from the cithara, organ, and human voice, plus Mersenne's cabalistic ten-stringed Cithara of David set out in a table. Then the Second opinion is given: the superior spheres, being slower and bigger, sound the graver note — held by Nicomachus, Servius, Poliziano, and Boethius, and judged "much more probable" by Glareanus, who offers two diagrams.)



…[the superior bodies, as swifter, give a higher but lesser sound, the inferior a greater but graver] — which opinion was followed by Guglielmo Philander (on Vitruvius bk. 5, ch. 4, attributing it to the ancients), Gyraldus (Syntagma 7, under Musa), Valla (on Pliny bk. 2, ch. 22), Fr. Athanasius Kircher (Musurgia 10, p. 393), and the unknown Author in Mersenne (on Genesis 4, verse 21, p. 1704). For they give the gravest string to the Moon or Earth, and the acutest to Saturn or the sphere of the Fixed stars.

To this favors, first, the order of the strings in the Cithara, which is contrary to the order in the Lyra: for in the Lyra the gravest and thickest string is in the supreme place (whether three-, four-, or six-stringed), but in the Cithara the gravest and thickest is in the lowest seat, and the acutest in the supreme — the order our organs still keep, in which the thicker pipes are set in the lower, the thinner in the upper row. And the human voice, too, more often begins not from the highest but from the lowest [note] and a graver sound, and gradually by a natural transition ascends to the higher; for the graver voice is, as it were, the foundation, without which the higher and acuter voices seem to degenerate into chattering, unless sustained by the strength of a graver voice. For though the highest voice may seem to soothe the hearing more sweetly, yet (as Glareanus noted above) no song is more pleasant than when the lowest, firm voice sounds; and the higher voices accomplish almost nothing without the Bass of the lower (so Julius Pollux names the graver voices); nor today is the Diatessaron admitted unless propped from below by a Diapente (the fifth), or even a third.

Mersenne too — although (on Genesis 4, p. 1704) he repudiates such fictions — yet (p. 1705), from the arcana of the Cabalists, describes the ten-stringed Cithara of David by the following analogy, in which he assigns the acuter [higher] sound to the supreme spheres and spirits. Behold it in the table:

The strings of the Davidic Cithara, according to the Cabalists

(Davidicae citharae nervi iuxta Cabalistas) — ascending from the lowest string (1) to the highest (10)




	String
	Greek name
	Note
	Body
	Spirit





	1
	Parhypate meson
	F (fa ut)
	the Elements
	Blessed soul (Anima beata)



	2
	Lichanos meson
	G (sol re ut)
	Moon
	Angels



	3
	Mese
	A (la mi re)
	Mercury
	Archangels



	4
	Paramese
	B (fa / b mi)
	Venus
	Principalities



	5
	Trite diezeugmenon
	C (sol fa ut)
	Sun
	Virtues



	6
	Paranete diezeugmenon
	D (la sol re)
	Mars
	Powers



	7
	Nete diezeugmenon
	E (la mi)
	Jupiter
	Dominions



	8
	Trite hyperbolaeon
	F (fa ut)
	Saturn
	Thrones



	9
	Paranete hyperbolaeon
	G (sol re ut)
	Fixed stars
	Cherubim



	10
	Nete hyperbolaeon
	A (la mi re)
	Prime Mobile
	Seraphim






(The "Body" column stands in the original as planet-symbols, here given by name; it runs in the ascending Ptolemaic order — Elements, then Moon, Mercury, Venus, Sun, Mars, Jupiter, Saturn, the Fixed stars, and the Prime Mobile. So the higher strings answer to the higher spheres and higher angelic orders — the First opinion's arrangement.)

[Margin: The 2nd Opinion.]



[VIII.] The Second opinion assigns to the superior spheres the graver [lower] sound — either because it thinks them slower (regarding their proper motion), or because, even if the greater velocity of the common [diurnal] motion lends them acuteness, yet the length of the interval and the magnitude of the bodies make a graver and greater sound — just as in the strings of many-stringed instruments, where the thicker and greater string begets a graver but more sonorous voice.


[Margin: Nicomachus's, and Servius the Grammarian's.]



Of this opinion was Nicomachus (in the Enchiridion of Harmonics, as Boethius and Philander report), who accordingly ascribed the Hypate to Saturn and the Nete to the Moon; and Servius Honoratus, who explains Virgil's "through the friendly silences of the silent Moon" thus: "'Silent,' he says, [means] the Moon — either it signifies night, in the poetic manner; or he spoke by a physical reason. For there are seven circles — of Saturn, Jupiter, Mars, the Sun, Venus, Mercury, the Moon; and the first, that is Saturn, sounds vehemently, the rest less according to their order, as we have heard in the Cithara, whose last string sounds less." — where he calls the last string in the cithara that which is nearer to our ears, and in that respect compares it with the Moon; not according to the order of high and low position (for the Moon is down, Saturn up), but contrariwise: in the cithara the acutest, thinnest, least-sounding string is up, the gravest down.

Wherefore Angelo Poliziano (Miscellanea, last chapter) neither understood Servius nor justly reproved him, when he says: "This will hold if you take the 'last' not as the lowest but as the highest — which in Greek is called Hypate — whence a graver sound is roused; just as from the other extreme, the thinnest string (which I would rather call the last), an acute voice is uttered, because it is stretched fully." But Poliziano is more justly reproved by Glareanus (Dodecachordon 2, ch. 8), who teaches that Servius spoke truly and according to nature and the series of the celestial orbs (if there were sound there), and indeed according to the Cithara's strings — for in it the Hypate, the gravest, holds the lowest place, the acutest the highest, which, even if stretched the most, is not for that reason heard the most. "For granted," says Glareanus, "that in one and the same string the acuteness strikes the hearing more when it is stretched tight than the gravity when stretched looser; yet among different strings, the greater and thicker is heard more and makes a greater sound than the thinner, even if the latter be stretched more and sound higher — just as the voice of a well-voiced man is heard more than the wailing or clamor of a little boy. Hence too the higher voices accomplish almost nothing without the Bass and firmness of the graver."


[Margin: Poliziano's [agreement]; and Boethius's.]



Yet it appears that Poliziano felt rightly in this, in conceding the graver sound to the Hypate, and by placing it in the highest place subscribed to Servius, who assigns this to Saturn. Of the same opinion, finally, was Severinus Boethius: for he not only acknowledged the Hypate as the gravest of the strings, but ascribed it to the superior spheres; for (bk. 1 of his Music, ch. 20) he says of the strings: "And among these, the one that was gravest was called Hypate, as if greater and more venerable — whence they call Jupiter also Hypatos, and name the Consul by the same name for the excellence of his dignity; and it [the Hypate] is attributed to Saturn, for the slowness of his motion and the gravity of his sound." So (bk. 4, ch. 10) he places the Proslambanomenos in the supreme place and the Nete in the lowest.


[Margin: Glareanus's opinion.]



But even Glareanus, Boethius's follower — though he absolutely denies that there is any sound in the heavens, or any true principle of Symphony (Dodecachordon 2, ch. 14, from the paragraph "Moreover" to the end) — nevertheless, on the supposition that there were some sound in heaven, or that one should philosophize of the celestial bodies as of terrestrial sounding ones, leans to Boethius's view. For (Dodecachordon 1, ch. 5) he says: "I am not unaware that to many this order of the strings posited by Guido seems inverted and altogether against the natural course of the heaven (whence this scheme was taken) — inasmuch as the superior bodies of the celestial orbs give a graver sound, being the greater; and this the divine Boethius too seems everywhere to have observed in his demonstrations." And a little after: "Whether, then, [we take them] inverted, so that the superior be the graver — namely that we place the hypaton tetrachord in the supreme place, with the Proslambanomenos — which Severinus several times did, either for the name Hypatos (which sounds 'principal'), or because the first teachers of this art so judged. For many old instruments — three-, four-, and six-stringed — still have it so, etc." And (bk. 2, ch. 8) he says that Servius spoke truly and according to nature and the series of the celestial orbs (if there be sound there); and it is clear from what was said that Servius gave Saturn the gravest and most vehement sound. And (ch. 13), having recalled Cicero's opinion, withdrawing from it he adds: "Others, on the contrary, ascribe the acuter sounds to the inferior bodies, and the graver (or greater) to the superior — because greater bodies give a greater sound, smaller a smaller; which opinion seems to me much more probable, since the heaven, like this sensible world, has bodies [proportioned so]." And he subjoins a twofold diagram: one Ciceronian, in which he assigns the shorter and acuter strings to the superior spheres; the other Boethian, in which …


[The text breaks off at "alterum Boëtianum, in quo" (the other, Boethian [diagram], in which…); the two diagrams and the rest follow on p. 525 (PDF 560), within Chapter VII.]





(printed p. 525 — Chapter VII concludes, then Chapter VIII opens. The Second opinion is finished and the Third (Zarlino's indifferent position, giving both a Ciceronian and a Boethian system) is stated, with a wide comparison table of the celestial strings assigned by each authority. Riccioli's own opinion follows: the analogies are pursued "more wittily than truly," there being no real sound in the heavens, supported by five reasons against fixing strings to spheres. Chapter VIII then opens, on fitting the harmonic intervals to the distances of the stars, beginning with the ancient authorities.)



(conclusion — Bettini, Zarlino's third opinion, the comparison table, and the Author's verdict)


[Margin: And Bettini's.]



…[the other, Boethian, diagram], in which he assigns the longer and graver strings to the superior [spheres] — which diagrams we shall set out below in a table with the rest; but in ch. 14 he chose only the Boethian. Likewise Mario Bettini (Apiarium 10, Progymnasma 1, Proposition 1), inasmuch as he applies the Hypate to the Fixed stars, the Parhypate to Saturn, and the Nete to the Moon. And the order of the Lyra favors this opinion, in which the thicker, graver-sounding string holds the supreme place, and the acuter-sounding string the lowest — which is also kept in most instruments.


[Margin: The 3rd Opinion.]



[IX.] The Third opinion shows itself indifferent — in which is Zarlino (Harmonic Institutions, part 2, ch. 29), who posits two systems: one according to Cicero (but assigning the Mese to the Fixed stars, and the Proslambanomenos to the Moon); the other according to Boethius. Yet in the aforesaid three opinions there remains some variety as to the whole order of the strings, as will appear more clearly from the following tables.

The Order of the Celestial Strings

(Chordarum Caelestium Ordo) — each celestial sphere (read downward, Fixed stars to Earth) set against the string assigned to it by each authority

A. According to Cicero & Macrobius (Ad mentem Ciceronis & Macrobij) — the higher the sphere, the higher the string




	Sphere
	Glareanus, Zarlino & Gyraldus
	Philander
	Kircher





	Fixed stars
	Mese
	—
	—



	Saturn
	Lichanos Meson
	Nete
	Nete



	Jupiter
	Parhypate Meson
	Paranete
	Paranete



	Mars
	Hypate Meson
	Paramese
	Paramese



	Sun
	Lichanos Hypaton
	Mese
	Mese



	Venus
	Parhypate Hypaton
	Lichanos Hypaton
	Lichanos Hypaton



	Mercury
	Hypate Hypaton
	Parhypate Hypaton
	Parhypate Hypaton



	Moon
	Proslambanomenos
	Hypate Hypaton
	Hypate Hypaton



	Earth (Tellus)
	—
	—
	Proslambanomenos





B. According to Nicomachus & Boethius (Ad mentem Nicomachi & Boëtij) — the higher the sphere, the lower (graver) the string




	Sphere
	Glareanus & Zarlino (string / gamut-letter)
	Bettini (string / syllable)





	Fixed stars
	Lichanos Hypaton — A re
	Hypate — Ut



	Saturn
	Hypate Meson — B mi
	Parhypate — Re



	Jupiter
	Parhypate Meson — C fa ut
	Lichanos — Mi



	Mars
	Lichanos Meson — D sol re
	Mese — Fa



	Sun
	Mese — E la mi
	Paramese — Sol



	Venus
	Trite synemmenon — F fa ut
	Trite — Re (re)



	Mercury
	Paranete synemmenon — G sol re ut
	Paranete — Mi (mi)



	Moon
	Nete synemmenon — a la mi re
	Nete — Fa (fa)



	Earth (Tellus)
	—
	—






(Transcribed as printed. In the Boethian half the original does not re-print the planet-symbols beside each row, but the alignment is fixed by the text just above — Bettini "applies the Hypate to the Fixed stars, the Parhypate to Saturn, the Nete to the Moon" — and the Glareanus–Zarlino column runs in exact parallel, its gamut ascending A-a as the sphere descends Fixed-Moon. The Greek string-names in Glareanus's Boethian diagram are his own labeling and do not match the usual letter-assignments. Below the table the original adds: "Add to these the [Cithara of David] which I delivered from the Cabalists at the end of number 7" — i.e. the table on p. 524.)

[Margin: The Author's opinion. — Macrobius's excellent judgment. — Glareanus's definitive judgment. — Our 1st reason… 2nd reason.]



[X.] Now what our own opinion is in this matter can already be clear from what was said from the beginning of number 3 — namely, that these things are inquired into more wittily than truly, with a subtlety more pleasant than necessary, as we said there with Aristotle and Pliny. And Macrobius (bk. 2 on the Dream of Scipio, ch. 4), having this controversy in hand, prudently concluded thus: "To illuminate, as I think, the obscurity of Cicero's words, this brief treatise on Music will suffice, with what brevity was allowed. For to hunt out the Netes and Hypates and the names of the other strings, and the minute subtleties of tones and limmas — and what in the sounds is taken for a letter, what for a syllable, what for a whole name — belongs to one showing off, not teaching. For not because Cicero here made mention of music must one therefore run through all the treatises that can be made on Music, which (so far as my opinion bears) I judge to have no end." In imitation of whom, I believe, Glareanus (Dodecachordon 2, near the end of ch. 13) concluded: "Not without reason did this notion seem to Aristotle more pleasant to say than likely to be true"; and a little after: "But this indulgence is granted to antiquity, which judged these things in some way fit to raise human minds to the contemplation of celestial things." Zarlino too (part 2, end of ch. 29) concludes with Pliny that these are investigated with a charm more subtle than necessary; and Marin Mersenne (on Genesis 4, verse 21, p. 1704) repudiates them all as fictions put forth without sufficient proof. But long before, St. Ambrose (in the book On Isaac and the Soul, ch. 7) denied that such fancies of a concord of the heavens find credence — though, for the pleasantness of the discourse, they are heard with favor and sweetness, as we showed (ch. 2) from his own words.

Nor indeed does that reason move me alone — that there is no real sound in the heavens (for what I think of this I said in the same ch. 2) — but:

First, that even if there were some sound, yet the truer order of the Planets is not the one those authors suppose. And indeed it seems strange that Fathers Mersenne and Kircher, more recent Astronomers, should place Mercury nearer the Moon than Venus — unless you say they spoke from the opinion of the ancients. But since these two planets [Mercury and Venus] are carried now below, now above the Sun, do they not measure out by their own motions their whole portion of that system, which runs from their Apogee to their Perigee? Likewise Mars, who sometimes comes nearer the Earth than the Sun, himself by his own ascent and descent occupies a great part of that interval through which the Sun, Venus, and Mercury rise and fall, and so mingles himself with them — so that you cannot assign him a distinct string or interval.

Secondly: Since it is more probable that the planetary heavens are fluid, and that the planets move by themselves in them, and not by the motion of [solid] orbs (as said in sect. 1, ch. 2, qu. 2)… a greater sound could indeed be granted to the sphere of the Fixed stars (as solid, and as to a greater body); but a greater [sound] cannot be granted to Saturn, Jupiter, and Mars than to the Sun, since the Sun is greater than those three planets.


[Margin: 3rd reason. — 4th reason. — 5th reason.]



Thirdly: Since there are eight different species of harmonic Systems — as I taught from Martianus Capella (ch. 5, at the end of the Chromatic and Enharmonic system) — it is very uncertain which of those three [genera — Diatonic, Chromatic, Enharmonic] belongs to the celestial system.

Fourthly: If it were free to play in these matters, one would have to take account both of the Satellites of Saturn and Jupiter, and of the diverse position the planets hold at the Apogee and Perigee of the Eccentric and Epicycle, and of the different [reckoning] which the Fixed stars hold.

Fifthly: As for the velocity and slowness of motion — since [the planets] really move by another real motion than toward the West, and by [their] slowness the lower [bodies] seem to fall back toward the East — the higher [planets] ought to be given the acuter [higher] sound, as absolutely swifter in this [diurnal] motion (except when they are Retrograde); but on the other hand, the three superior Planets, by the greater bulk of their body, would give a graver [lower] sound than the three inferior. Therefore one reason destroys the other; and so this analogy — sung with a certain oratorical and academic charm — loses its concord in the very discord — to say nothing of the disagreement of the authors in distributing the strings to the heaven.




Chapter VIII, And by what reckoning the intervals of the Harmonic System ought to be fitted to the distances of the Stars

(Et Qua ratione Distantijs Siderum Intervalla Systematis Harmonici debeant accommodari)

Achilles Tatius (in the Isagoge to the Phaenomena of Aratus, ch. 7, "On the order of the spheres") says [that the ancients treated of the celestial harmony]. Of their harmonic motion there treat — in the Canon, as has been said — Aratus, and Eratosthenes in the Mercury [Hermes]; nor were Hypsicles, Thrasyllus, and Adrastus of Aphrodisias the [first] authors of this doctrine, but the Pythagoreans, who hold that the universe is moved by [number] and order. Boulliau [Bullialdus] too, in the prolegomena to his Astronomia Philolaica, [reports] under the name of François Viète a Harmonicon caeleste, which Pierre Dupuy (Puteanus) gave to Fr. Marin Mersenne to use, and to him indeed …


[The opening lines of Chapter VIII are clipped at the column's left edge in the original scan; the gist is secure (a roll-call of ancient and modern authorities on celestial harmony), with a few connective words supplied. The text breaks off at "huic ve-" - catchword "rò" (verò); it continues on p. 526 (PDF 561), within Chapter VIII.]





(printed p. 526 — Chapter VIII (fitting the harmonic intervals to the distances of the stars), continued. The First Opinion, of the Pythagoreans, is examined: its prior form, giving the ancient distance-estimates in stadia and Earth-semidiameters, is shown to be far too small against observed parallaxes; its posterior musical form, from Pliny and Censorinus, assigns tone-intervals between the spheres summing to six tones, the octave, tabulated with the resulting absurd parallaxes. Then the Second Opinion, of the Platonists, begins, with Macrobius on the World-Soul woven from music.)



…[which Pierre Dupuy gave to Fr. Marin Mersenne to use, but] which seems to have been filched from him. But since we do not know the opinion of these [men], we shall pass down to the views of others.


[Margin: The 1st Opinion — of the Pythagoreans.]



[I.] The First Opinion was that of the Pythagoreans, which we shall try to fish out from Pliny, Plutarch, and Censorinus. Pliny, then (bk. 2, ch. 21), says: "Many have attempted to track out the intervals of the stars from the earth, and have declared the Sun to be distant from the Moon nineteen times as far as the Moon itself is from the earth. But Pythagoras, a man of shrewd mind, reckoned it to be from the earth to the Moon about 126,000 stadia; from her to the Sun double that; and thence to the twelve signs [of the Zodiac] triple" — in which opinion was also our Gallus Sulpicius. Twin to this passage, in part, is that of Plutarch (On the Opinions of the Philosophers, bk. 2, ch. 31), where he says that Empedocles [held] the Moon to be twice as distant from the Sun as from the earth; the Mathematicians, that the Moon is distant from the Sun nineteen times as much as from the earth itself; and Eratosthenes, that the Moon is distant from the earth 780,000 stadia.


[Margin: The distance of the Moon from the Earth and from the Sun, according to the ancient Mathematicians.]



I should believe these Mathematicians — who determined the distance of the Moon from the Sun to be nineteenfold the distance of the Moon from the earth — to be Aristarchus and Hipparchus and their followers. For Aristarchus, in his book On the Magnitudes and Distances of the three bodies (proposition 7), had demonstrated that the distance at which the Sun is from the earth is greater than eighteenfold the lunar distance from the earth, but less than twentyfold — that is, about nineteenfold. And Hipparchus [put] the Moon's distance at about 64 terrestrial semidiameters, and the Sun's at 1200, which to 64 is about as 19 to 1.

It is therefore astonishing that Eratosthenes assigned to the lunar distance only 780,000 stadia, that is, 97,500 Italian miles. For (as said in bk. 2, ch. 7) Eratosthenes set the diameter of the Earth at 80,181 stadia, and its semidiameter at 40,090½; and 780,000 stadia divided by 40,090½ yield, for the lunar distance, a full 19 terrestrial semidiameters. But much more shamefully must Pythagoras have blundered, who allowed this distance no more than 126,000 stadia, which divided by 8 make 15,750 Italian miles — that is, scarcely 4 terrestrial semidiameters — though the lunar parallax protests, from which we already derive a distance from the earth of more than 51 semidiameters (bk. 4, ch. 14). And that distance doubled would make the Sun's distance 8 terrestrial semidiameters, and tripled, the distance of the Fixed stars 12 semidiameters of the Earth; so that, if we followed the ancient Pythagorean opinion, the Sun and the Fixed stars would lie under a parallax of several degrees, against the evidence of observations. These rudiments being set down, let us pass to the other opinion of his.


[Margin: The later opinion of Pythagoras.]



[II.] Having finished ch. 21, then, Pliny (bk. 2, ch. 22) subjoins, saying: "But Pythagoras sometimes, by a musical reckoning, calls a tone the distance by which the Moon is from the earth; from her to Mercury half of that; and from him to Venus nearly the same; from her to the Sun a sesquiple [a tone and a half]. From the Sun to Mars a tone — that is, as much as from the earth to the Moon; from him to Jupiter half; and from him to Saturn half; and thence a sesquiple to the Zodiac: so that seven tones are made, which they call the Diapason harmony — that is, the universality of concord. In it Saturn is moved in the Dorian, Mercury in the phthongus, Jupiter in the Phrygian," and the like in the rest — with a subtlety more pleasant than necessary.

Which opinion Censorinus (On the Birthday, ch. 11) hands down indeed more explicitly, but in the distance of Saturn from the Fixed stars he differs from Pliny (unless the text be corrected); for he says: "Pythagoras taught that this whole world was made by a musical reckoning, and that the seven stars wandering between heaven and earth — which govern the births of mortals — have a rhythmic motion (ἔρρυθμον), and intervals agreeing with the musical diastemata, and render various sounds according to their several heights, so concordant that they sing a most sweet melody, yet one inaudible to us because of the magnitude of the sound, which the narrowness of our ears could not take in." And a little after: "Pythagoras judged how many stadia there were between the earth and the several stars. (By a stadium, in this measure of the world, is chiefly to be understood what they call the Italian, of 625 feet — that is 125 paces — which make the eighth part of an Italian mile.)" Then he proceeds, saying: "Therefore from the earth to the Moon he thought there were about 126,000 stadia, and that this is the interval of a tone; from the Moon to the star of Mercury (which is called Stilbon, στίλβων), half of that, as it were a hemitone (ἡμιτόνιον); thence to Phosphoros (φωσφόρον), which is the star of Venus, nearly the same — that is, another hemitone; from there onward

to the Sun, three times as much, as it were a tone and a half: so that the star of the Sun is distant from the earth three tones and a half, which is called a Diapente [a fifth]; but from the Moon, two and a half, which is called a Diatessaron [a fourth]. From the Sun to the star of Mars (whose name is Pyroeis, πυρόεις) there is as much interval as from the earth to the Moon, and this makes a tone (τόνον); thence to the star of Jupiter (which is called Phaethon, φαέθων), half of it, which makes a hemitone; and as much again from Jupiter to the star of Saturn (whose name is Phainon, φαίνων), that is another hemitone; thence to the highest heaven, where the Signs are, [another] hemitone. So that from the highest heaven to the Sun the interval is a Diatessaron — that is of two tones and a half — but from the heaven's summit to the earth there are six tones, in which is the Diapason (διὰ πασῶν) symphony."

The numbers and proportions of Censorinus Zarlino too described (Harmonic Institutions, part 1, ch. 6), setting from the earth to the supreme heaven — not from his own, but from Pythagoras's opinion — six tones. For he himself denies that from the earth to the Moon there is a tone, since the earth, being immobile, is unfit to represent any sound, and so to make music with the Moon. Georgius Valla (Music, bk. 1, ch. 2) refers that "sesquiple" in Pliny not to a tone but to a semitone, so that from Saturn to the Fixed stars there are three-quarters of a tone. But Glareanus (Dodecachordon bk. 2, ch. 3) affirms that all the old codices of Pliny have not [the sesquiple] but six tones, and so that for "sesquiple" one should read "semitone"; and he denies that the Diapason can arise, by any musicians' opinion (much less by Aristoxenus's), out of seven tones.


[Margin: Pliny must be corrected.]



Certainly, if we consult the scale of Guido taken from Boethius (but augmented and corrected), which we set out in ch. 6, num. 3, we shall see that from the first string to the octave (which make the consonance Diapason) there are indeed seven intervals, but only six tones — namely five whole [tones] and two hemitones. Finally, the most diligent author Censorinus cannot otherwise be reconciled with Pliny. Since he affirms that the Pythagorean stadia are equal to the Italian, and so puts from the Moon to the Earth only 126,000 stadia — that is 15,750 Italian miles, which are about 4 terrestrial semidiameters — we shall easily construct the following little table, with the parallaxes agreeing with the Pythagorean intervals.

Pythagorean Intervals

(Pythagorica Intervalla, ex Plinio correcto & Censorino — "from corrected Pliny and from Censorinus")




	Body
	Distance from Earth (Earth-semidiam.)
	Interval to next body
	(semidiam.)
	Horizontal parallax





	Earth (Tellus)
	0
	Tone (Tonus)
	4
	—



	Moon
	4
	Semitone
	2
	14°28′



	Mercury
	6
	Semitone
	2
	—



	Venus
	8
	Sesquitone (Sesquitonus)
	6
	—



	Sun
	14
	Tone (Tonus)
	4
	4°6′



	Mars
	18
	Semitone
	2
	—



	Jupiter
	20
	Semitone
	2
	—



	Saturn
	22
	Semitone
	2
	—



	Fixed stars
	24
	—
	—
	2°23′






(The original sets three columns: "Distances of the planets among themselves" (the interval-name and its value in Earth-semidiameters — Tone = 4, Semitone = 2, Sesquitone = 6), "And from the Earth" (the cumulative distance in semidiameters), and "Horizontal Parallax" (in degrees and minutes). The intervals sum to 6 tones = the octave; the distances run 4-6-8-14-18-20-22-24 Earth-semidiameters. The parallaxes are printed only for the Moon, Sun, and Fixed stars; each checks as the arcsine of 1/distance — arcsin(1/4) ~ 14°28′, arcsin(1/14) ~ 4°6′, arcsin(1/24) ~ 2°23′ — and their enormity (whole degrees for the Sun and Fixed stars) is exactly Riccioli's point that the Pythagorean distances are far too small.)

[Margin: The 2nd Opinion — of the Platonists.]



[III.] The Second Opinion was rather of the Platonists than of Plato himself, who rejected the planet-distances determined by Archimedes for no other cause than that they did not keep the proportions due to Music — as Macrobius relates (bk. 2 on the Dream of Scipio, ch. 3), where he has it thus: "Rightly, therefore, is everything that lives captivated by music; for the celestial soul, by which the universe is animated, took its origin from music. This [soul], while it impels the world's body to its spherical motion, makes a sound — distinguished by unequal intervals, yet marked off by a proportionate reckoning, just as [the soul] was from the beginning woven together." But these intervals — which in the soul, as incorporeal, are reckoned by reason alone, not by sense — must be sought …


[The text breaks off; the catchword "Vtrum" ("Whether…") points to p. 527 (PDF 562), continuing ¶III on the Platonists' opinion, within Chapter VIII.]





(printed p. 527 — Chapter VIII continued. The Second Opinion (the Platonists) concludes: the Timaeus multipliers yield a table of "Platonic Intervals" for the planetary distances, which Riccioli refutes as wildly at odds with demonstrated solar and Saturnian distances — "farewell to this Pythagorean and Platonic Harmony." The Third Opinion, of Fr. Mario Bettini, then begins: the world-radius as a monochord of 3435 semidiameters, with the Sun at 1145 sounding "Sol" and the planets placed at octave consonances of the whole chord; the page ends with the head of Bettini's monochord table.)




[Margin: The absurdity of the Platonic intervals.]



…[these intervals must be sought by reason, not by sense.] And Archimedes indeed believed he had grasped the number of stadia by which the Moon is distant from the earth's surface; the Moon from Mercury; Mercury from Venus; the Sun from Venus; Mars from the Sun; Jupiter from Mars; Saturn from Jupiter; and from Saturn's orb up to the starry heaven itself, he thought he had measured out the whole space by reason. Yet this Archimedean measurement was rejected by the Platonists, as not keeping the double and triple intervals. And they laid it down that this must be believed: that, as great as is [the distance] from the earth to the Moon, double of that is from the earth to the Sun; and as great as is from earth to the Sun, triple of that is from earth to Venus; and as great as from earth to Venus, fourfold is from earth to the star of Mercury; and as great as is from earth to Mercury, ninefold is from earth to Mars; and as great as is from earth to Mars, eightfold is from earth [to Jupiter; and as great as from earth to Jupiter,] twenty-sevenfold is from earth to the orb of Saturn.

This Platonic persuasion Porphyry inserted in his books, by which he infused not a little light into the obscurities of the Timaeus; and he says that they believed the intervals in the body of the world to be filled, after the image of the soul's weaving, by Epitrites [4 : 3], Hemiolia [3 : 2], Epogdoa [9 : 8], and Hemitones and Limmas, and that thus the concord arises. Which proportions Marsilio Ficino also reports (in his compendium on Plato's Timaeus, ch. 34), and asserts that they seem to him more probable, and according to Plato's mind in the Timaeus and in Republic 8 and 10. That we may weigh these intervals, then, we shall assume the lunar distance from the Earth to be nearest to 60 terrestrial semidiameters (per what was said in bk. 4, ch. 4); which posited, the Platonic Intervals will be as may be seen in the following table.

Platonic Intervals

(Intervalla Platonica)




	Body
	Proportion to the earth-distance of the body just preceding
	Distance from Earth (the Lunar being 1)
	Distance from Earth (the Lunar being 60, i.e. Earth-semidiameters)





	Moon
	(the unit)
	1
	60



	Sun
	double the Lunar
	2
	120



	Venus
	triple the Solar
	6
	360



	Mercury
	quadruple the Venereal
	24
	1440



	Mars
	ninefold the Mercurial
	216
	12960



	Jupiter
	eightfold the Martial
	1728
	103680



	Saturn
	twenty-sevenfold the Jovial
	46656
	2799360






(Verified: each "distance from Earth" is the running product of the proportions — 1, 1·2, 2·3, 6·4, 24·9, 216·8, 1728·27 = 1, 2, 6, 24, 216, 1728, 46656; times 60 = the last column. The multipliers 1, 2, 3, 4, 9, 8, 27 are Plato's Timaeus soul-numbers.)



There would be, therefore, a distance of the Sun from the Earth of only 120 terrestrial semidiameters — which conflicts with what we demonstrated (bk. 3, ch. 7); but a distance of Saturn from the Earth of about 2,799,360 terrestrial semidiameters — that is, to the solar distance as 23,328 to 1, whereas it ought to be only about 10 to 1, or nearly tenfold, by what was said (bk. 7, sect. 6, ch. 1 and 2). Farewell, then, to this Pythagorean and Platonic Harmony, which does not reconcile reason with the experiments of the senses and with observations — though it ought to have been reconciled, as Ptolemy rightly decides (Harmonics bk. 1, ch. 1 and 2). For it is not enough that these proportions agree with reason, even if they cannot be approved by sense — as Zarlino seems to have admitted (part 1, ch. 6).


[Margin: The 3rd Opinion — Bettini's.]



[IV.] The Third Opinion is that of our Fr. Mario Bettini (Apiarium 10, Progymnasma 1, propositions 1 and 3, to be read with their Scholia). He supposes, first, that the Sun is distant from the center of the Earth 1145 terrestrial semidiameters, and is in the middle of the Planetary System; and that its distance, taken with the remaining distance up to the Empyrean, makes a Diapente [a fifth]; and therefore that the Sun's distance from the Earth must be tripled, so that the semidiameter of the whole World may be held as one entire Monochord — namely 3435 terrestrial semidiameters. Whence it follows that, ascending from the earth to the Sun, the Sun occupies the place of the fifth string, and to it agrees the voice which in Guido's musical Scale is called Sol — fitting to the name of the Sun (Sol).

Then he determines the distances of the planets — indeed, of the heavens above the planets too — according to the consonances of the more recent Musicians, admitted in the common use of the Octochord; but an Octochord purely Dorian, and holding the Diatonic gravity. Further, that he may serve both the ease of Arithmetical operation and the order of the planets found by the more recent Astronomers, and that at the same time the harmonic consonances may disagree as little as possible with observations, he takes some planets at their mean distance, some at their Apogee, some at their Perigee. These being supposed, he determines the intervals of the planets and heavens from the earth, in terrestrial semidiameters, as you see in the following table — in which, as I said, the distance of the Empyrean from the earth's center, that is, the whole chord, is 3435 terrestrial semidiameters; and:


	the Moon at Apogee — so that by the ancients it be a major Tone, which is the ninth part of the whole chord — is 381 6/9 semidiameters;

	the Venus at Perigee makes the consonance of a Ditone [major third], namely the fifth part of the whole chord, which is 687 semidiameters (so that between the Moon at apogee and Venus at perigee he sets a minor tone);

	the Mercury at Perigee makes the consonance of a Diatessaron [fourth], which is the fourth part of the whole chord, 858 3/4 semidiameters (so that between Mercury and Venus, both at perigee, he sets a major semitone, or Apotome);

	the Sun's mean distance, as said, 1145 semidiameters, with the residue of the whole chord (which is 2290) makes a Diapente [fifth], and with the whole chord a Diapason-diapente [twelfth]; whence between Mercury and the Sun falls a major Tone, as he supposes;

	the Mars mean distance occupies the terminus of the major Hexachord [major sixth], that is two-fifths of the whole chord, and so 1374 semidiameters;

	to hunt out Jupiter's distance, he subtracts the major hexachord (1374) from the whole chord (3435), and there remain 2061; of this he takes the ninth part as a major tone, namely 229, and adds it to Mars's distance, and Jupiter's distance from the earth becomes 1603 semidiameters;

	Saturn's distance he makes half of the whole mundane semidiameter, or of the whole chord, that is 1717 1/2 semidiameters, that it may acquire the consonance of a Diapason [octave] with the whole chord;

	the Fixed stars' distance he makes two-thirds of the whole chord [2290], that they too may sound a Diapente;

	the Crystalline heaven's distance he determines by the consonance Diatessaron, but so that from earth to the Crystalline there be three-quarters of the whole chord, that is 2574 3/4 semidiameters;

	whence it comes about that the distance of the Empyrean and Crystalline to the whole chord is as 1 to 4, which is the Disdiapason [double octave].



From these we have composed the following table, drawn from his own express words, yet with many consonances added that arise from his intervals, which he passed over in silence.

Harmonic Intervals — from Fr. Mario Bettini

(Harmonica Intervalla, indicated on the line AB as the entire String of the World-Monochord)




	Point on AB
	Body
	Distance from Earth (Earth-semidiam.)
	Proportions, with the consonances or fitting intervals





	A
	Earth (Tellus)
	—
	—



	D
	Moon at Apogee
	381 6/9
	AB to BD, as 9 : 8 (a Tone)



	E
	Venus at Perigee
	687
	AB to BE, as 5 : 4 (a Ditone); AB to AE, as 5 : 1 (Disdiapason-with-Ditone)






(This table only begins here — the line AB is the whole world-monochord, 3435 semidiameters, A being the Earth and B the Empyrean; for each body the proportion of the whole string AB to the outer segment B–[point] gives a consonance. It breaks off after Venus, with the catchword "RESI-"; the remaining bodies — Mercury, Sun, Mars, Jupiter, Saturn, the Fixed stars, the Crystalline, and the Empyrean — follow on p. 528. Note: 3/4 of 3435 is 2576 1/4, so the printed Crystalline value 2574 3/4 appears to be a small slip or rounding; all the other figures check exactly against the 3435 chord.)

[The catchword "RESI-" (Residuum…) points to p. 528 (PDF 563), which continues Bettini's monochord table, within Chapter VIII.]





(printed p. 528 — Chapter VIII continued. Bettini's monochord table is completed, then Riccioli critiques his system: though more concinnous than the Pythagorean and Platonic schemes, it contains six errors — impossible lunar and solar distances, incompatibility with lunar and solar eclipses, Jupiter and Saturn placed far too near, and fixed stars so close as to imply a false parallax — all sprung from Bettini's wish that the Sun sound "Sol" in the fifth place. The Fourth Opinion, Kepler's harmonic intervals from Harmonics book 5, then begins with the head of his table of planetary aphelion and perihelion distances.)



Remainder of the preceding Table

(Residuum Tabulae Praecedentis — continuing Bettini's world-monochord table from p. 527; the line AB = 3435 Earth-semidiameters, A the Earth, B the Empyrean)




	Point on AB
	Body
	Distance from Earth (Earth-semidiam.)
	Proportion (AB to B-point)





	F
	Mercury at Perigee
	858 3/4
	AB to BF, as 4 : 3 (Diatessaron)



	C
	Sun, mean
	1145
	AB to BC, as 3 : 2 (Diapente)



	H
	Mars, mean
	1374
	AB to BH, as 5 : 3 (major Hexachord)



	I
	Jupiter at Perigee
	1603
	AB to BI, as 3435 : 1832



	G
	Saturn at Perigee
	1717 1/2
	AB to BG, as 2 : 1 (Diapason)



	K
	Fixed stars
	2290
	AB to BK, as 3 : 1 (Diapason-with-Diapente)



	L
	Crystalline
	2574 3/4
	AB to BL, as 4 : 1 (Disdiapason)



	B
	Empyrean
	3435
	(the whole string)






Further consonances arising from the same intervals (which Bettini "passed over in silence"), measuring the whole string AB against each inner segment A–[point], and segment against segment:






	Proportion
	Ratio
	Consonance





	AB to AF
	4 : 1
	Disdiapason



	AB to AC
	3 : 1
	Diapason-diapente



	AB to AH
	5 : 2
	Diapason-with-Ditone



	AB to AG
	2 : 1
	Diapason



	AB to AK
	3 : 2
	Diapente



	AB to AL
	4 : 3
	Diatessaron



	AF to AG
	1 : 2
	Diapason



	AK to AC
	2 : 1
	Diapason



	AH to AF
	2 : 1
	Diapason






(All verified against the 3435 chord, with B-point = 3435 - [distance]: e.g. BF = 2576¼, so AB:BF = 4:3; BG = 1717½, so AB:BG = 2:1; BK = 1145, so AB:BK = 3:1; BL ~ 858¾, so AB:BL = 4:1. The last added line, "AH to AF, as 2 to 1, Diapason," is printed thus but does not check: AH:AF = 1374 : 858¾ = 8:5, a minor sixth — the 2:1 octave actually holds for AH:AE = 1374 : 687, Mars-mean to Venus-perigee; the printed "AF" appears to be a slip for "AE.")

[Margin: Bettini's. — 1st error.]



[V.] Although the aforesaid symmetry [of Bettini] is much more concinnous than either the Pythagorean or the Platonic, yet it includes many repugnancies and fallacies, and induces a most absonant discord between Astronomy and Harmonics. For, first, it attributes to the Moon so great a distance as no astronomer ever assigned, or can assign, saving the parallaxes. For no one ever found, or will find, in it a horizontal parallax greater than 1°43′, or less than 51½′ — of which the former imports a distance from the earth of about 33½ terrestrial semidiameters, the latter of about 67 — as is certain from Geometry and from what was said (bk. 4, ch. 14). And this very manner of determining the distances of the stars by parallaxes Bettini himself approves (Apiarium 8, Progymn. 3, prop. 9; Progymn. 4; and Aerarium Philosophiae vol. 2, p. 73). [His lunar distance of 381, then, is impossible.]


[Margin: 2nd error.]



Secondly: from the lunar distance of 381 6/9 semidiameters which he sets, it would follow that the Moon could never be eclipsed by the Earth's shadow — which is against the experience of every age, and against all who are even slightly versed in Astronomy; nay, against what the same Father most learnedly teaches concerning the lunar eclipses made by the Earth's shadow (Apiarium 8, progymn. 2 and 3, prop. 11). For no one ever raised the height of the terrestrial shadow beyond 282 semidiameters of the Earth (as is clear from bk. 3, ch. 11, Probl. 8). Nor may you say that hence only the eclipse of the Moon at apogee is removed, but not below the apogee; for, the 282 semidiameters of the shadow being subtracted (at the most favorable), from the lunar distance of 381 there remain 99 terrestrial semidiameters — a difference between the Moon's perigee and apogee that no one assigns; and yet we know that the Moon, even at apogee, has sometimes fallen into a total eclipse, and so far below the apex of the Earth's shadow.


[Margin: 3rd error. — 4th error.]



Thirdly: a total eclipse of the Sun could indeed happen if the Moon were distant from the earth 381 and the Sun 1145 semidiameters, as he sets; for, the apparent diameters of the luminaries being preserved, such an eclipse would be impossible (as is clear from bk. 5, ch. 9); yet Bettini himself admits a total solar eclipse (Apiarium 8, Progymn. 2, prop. 10), and is bound to admit it from the history of eclipses, of which we [treat] (bk. 5, ch. 20). Fourthly: the lunar distance of 381 semidiameters cannot cohere with the solar distance of 1145 which he posits, as is proved by Aristarchus's problem founded on the phase of the lunar dichotomy [half-moon] — which Bettini himself praises (Aerarium vol. 1, p. 629); for, the lunar distance being put at 381 6/9, or nearly 382, it follows that the Sun is distant from the earth at least 7299 terrestrial semidiameters — indeed in truth much more, the [dichotomy] angle being posited, which we observed at the time of the dichotomy, as is clear from what was demonstrated (bk. 3, ch. 7, probl. 3).


[Margin: 5th error. — 6th error.]



Fifthly: he places Jupiter and Saturn far nearer to the Sun and the Earth than the prosthaphaereses [equations of the orbs] and the commensurations of the orbs (demonstrated by Copernicus and others) require; for these require that the distance of Jupiter be nearly fivefold the distance of the Sun from the earth, and that of Saturn nearly tenfold (as we taught, bk. 7, sect. 1, ch. 1 and 2); whereas by his [scheme] Jupiter's distance to the Sun's distance is less than 14 to 11, and Saturn's less than 16 to 11. Sixthly: he gives the [Fixed] stars a distance from the earth of 3435 — so small that no astronomer could ever assign it, since from it would follow a horizontal parallax of a minute and a half, which all astronomers know to be false.


[Margin: Other incongruities.]



Now all these errors arose from this: that he wished the Sun's distance both to be in the fifth place and to utter the voice "Sol," and to make a Diapente from the supreme heaven with the whole semidiameter of the World; and [that he wished] the Moon to make a tone, that is, to contain one-ninth of that whole interval in its distance, and so forth. I pass over that he assigns to Jupiter — not the least of the planets — no worthy consonance; that he makes a certain consonance answer to four planets outside their perigee position, to the Moon outside apogee, to the Sun and Mars outside their mean distance — as though indeed they did not usually keep the harmony; which is laid down too inconsistently by one who has taken upon himself the demonstration of the Harmonic proportions observed by God in the intervals of the planets. Finally, that the Sun may hold the place of the fifth string, the Earth is assumed by him as the first string — though both [the Earth] and the Empyrean, by their immobility, are unfit to represent a sound.


[Margin: The 4th Opinion.]



[VI.] The Fourth Opinion is that of Johannes Kepler (Harmonics bk. 5, ch. 4), where he sets out the extreme intervals from Tycho's observations — that is, the distances of the planets from the Sun — in which, at the aphelia and perihelia, the harmonies are found, except for Mars and Mercury, as appears from the Table which he exhibits, as here below. For the understanding of which it must be supposed (from ch. 3 of the same book) that the extreme Convergence of two planets is when their apsides are nearest — namely at the Perihelion of the superior and the Aphelion of the inferior planet; but the extreme Divergence is the opposite apsides of the two planets — namely the Aphelion of the superior and the Perihelion of the inferior. Let the Table now stand:

Intervals compared with the Harmonics

(Intervalla Comparata cum Harmonicis — of which the radius of the Annual Orb [the Earth's orbit] is 1000)




	Planet
	Apsis
	Distance (annual-orb radius = 1000)
	
	The proportion of each [planet's own interval]





	Saturn
	Aphelion
	10052
	a
	More than a minor tone — 10000 : 9005



	
	Perihelion
	8968
	b
	Less than a major tone — 10000 : 8911



	Jupiter
	Aphelion
	5451
	c
	No fitting proportion, but nearly as



	
	Perihelion
	4949
	d
	11 to 10, or half of 6 : 5



	Mars
	Aphelion
	1665
	e
	If it were 1665 : 1385, the harmony would be 6 : 5



	
	Perihelion
	1382
	f
	If it were 1665 : 1332, the harmony would be 5 : 4






(This table only begins here — it sets each planet's distance from the Sun at aphelion and perihelion, the Earth's orbital radius being 1000, and compares each planet's own aphelion-to-perihelion interval with a musical consonance. Saturn's interval, 10052 : 8968 = 1.121, lies between a minor tone (10:9) and a major tone (9:8); Jupiter's, 5451 : 4949 ~ 11:10, fits no clean consonance; Mars's, 1665 : 1382 ~ 1.205, is near 6:5. It breaks off after Mars, with the catchword "RESI-"; the remaining bodies — Earth, Venus, Mercury — and the comparison columns follow on p. 529.)

[The catchword "RESI-" (Residuum…) points to p. 529 (PDF 564), which continues Kepler's table, within Chapter VIII.]





(printed p. 529 — Chapter VIII continued. Kepler's table of intervals is completed, and its use explained: single planets' own aphelion-perihelion intervals yield no clean harmony, but the convergent and divergent intervals between adjacent planets do — yet Kepler himself denies that harmonic proportions are to be sought among mere lengths, harmony's true subject being the motions. The Fifth and Riccioli's own Opinion then begins: the distances of planets and fixed stars are not determined by harmonic proportions, supported by Aristotle, Pliny, Macrobius, Zarlino, Glareanus, Mersenne, and Kircher's doctrine of a harmony of disposition rather than sound.)



Remainder of the preceding Table

(Residuum Tabulae Praecedentis — completing Kepler's "Intervals compared with the Harmonics" from p. 528; annual-orb radius = 1000)




	Planet
	Apsis
	Distance (annual-orb radius = 1000)
	
	The proportion of each [planet's own interval]





	Earth
	Aphelion
	1018
	g
	If it were 1020 : 980, it would be a Diesis (25 : 24);



	
	Perihelion
	982
	h
	it does not, therefore, possess a Diesis



	Venus
	Aphelion
	729
	i
	Less than a sesquicomma;



	
	Perihelion
	719
	k
	more than a third part of a Diesis



	Mercury
	Aphelion
	470
	l
	More than a Diapente, abounding;



	
	Perihelion
	307
	m
	243 : 160, less than the harmonic 8 : 5






(The full index-key for both halves of Kepler's table — a = Saturn aphelion (10052), b = Saturn perihelion (8968); c = Jupiter aph. (5451), d = Jup. per. (4949); e = Mars aph. (1665), f = Mars per. (1382); g = Earth aph. (1018), h = Earth per. (982); i = Venus aph. (729), k = Venus per. (719); l = Mercury aph. (470), m = Mercury per. (307).)

[Margin: Use of the table.]



The extreme intervals of no single planet, then, allude to Harmonies — except those of Mars and Mercury. For in Mars, if its perihelion 1382 were 1388, it would be to its own aphelion 1665 as 5 to 6, and so would be the consonance of a semiditone (minor third) — from which, however, it is little distant. But in Mercury, although to Kepler it seems to allude to a Diapente, or to the harmony 8 : 5 (the minor Hexachord), to me its extreme intervals seem rather to allude to a Diatessaron (which is between 4 and 3) — or else this interval is to be despised [as negligible].

But if you compare the extreme intervals of different planets among themselves — says Kepler — some light of Harmony shines forth, as is clear to one who contemplates the first column of the preceding table and its index-characters of the extremes:




	Adjacent pair
	Extreme Divergence (aphelion of upper : perihelion of lower)
	Extreme Convergence (perihelion of upper : aphelion of lower)





	Saturn–Jupiter
	a : d = 10052 : 4949, ~2 : 1 (a little more than a Diapason)
	b : c = 8968 : 5451 — between 5:3 and 8:5 (between the major and minor Sixth)



	Jupiter–Mars
	c : f, ~4 : 1 (nearly a Disdiapason)
	d : e, ~3 : 1 (nearly a Diapason-with-Diapente [twelfth])



	Earth–Mars
	e : h — somewhat more than 5 : 3 (the major Sixth)
	f : g — an abounding Diatessaron (more than 4 : 3)



	Earth–Venus
	—
	g : k — an abounding Diatessaron



	Venus–Mercury
	i : m — a little less than 12 : 5 (a Diapason-with-semiditone [octave + minor third])
	k : l — a little more than 3 : 2 (a Diapente)





But Kepler subjoins that these intervals, in so far as they are lengths without motion, are not aptly examined for Harmonies — whose subject is rather motion itself, as to its swiftness and slowness; and therefore, if we seek harmonies, they are not to be sought in the intervals in so far as they are semidiameters of the orbs, but in so far as they are the measure of the motions — that is, rather in the motions themselves; especially since, for the semidiameters of the orbs, nothing can be taken but the mean distances from the Sun, among which the Harmony shines forth less than in the extremes of the aphelia and perihelia. Wherefore Kepler absolutely denies that harmonic proportions are to be sought among the intervals of the planets as such, and apart from motion.



The Fifth and Our Opinion, and the Authorities for it

(Quinta et Nostra Opinio, et Authoritates pro illa)


[Margin: Aristotle's. — Macrobius's. — Zarlino's, Glareanus's. — Mersenne's. — Fr. Athanasius's praise and opinion in matters of Music.]



[VII.] The Fifth — and Our — Opinion, not unlike the preceding and truer, is that the distances of the Planets and Fixed stars — whether from the Earth, or from the Sun, or among themselves — are not to be determined by Harmonic proportions or Musical intervals. Of this opinion, without doubt, was Aristotle (On the Heaven 2, text 52), where, of the Pythagoreans who sought a harmony in the motion and intervals of the heavens, he said that "this is indeed said wittily and elegantly, yet the truth is not so." And Pliny (bk. 2, ch. 22), where, after relating Pythagoras's opinion of the intervals of the stars by Tones, Semitones, and Sesquitones, he concludes that these and the like said by him were "with a subtlety pleasant more than necessary." Of the same opinion too was Macrobius (bk. 2 on the Dream of Scipio, ch. 4), thinking this inquiry belongs to one "showing off, not teaching" — whose opinions we have so often inculcated, as often as occasion returns to us.

To Aristotle and Pliny subscribed in this Zarlino (Institutions part 2, ch. 29) and Glareanus (Dodecachordon bk. 1, ch. 13, and bk. 2, ch. 13), where he says: "But whether the intervals of the orbs, in the heaven itself, stand by the same reckoning as the phthongi [notes] in the Diapason, does not seem to me probable, by whatever genus of mode we may finally constitute them." And, some things being inserted, [he adds that] Boethius, the true judge of this business — since he saw these things wonderfully varied among the ancients, and Pliny not afraid of a subtlety pleasant more than necessary — so tempered [the matter] as nevertheless to set both opinions before the eyes; and finally, declaring his own opinion, [says] that "not without reason does this notion seem to Aristotle pleasant to say rather than likely to be true."

Nor is there doubt that Mersenne (on Genesis 4, verse 21, p. 1558) was of the same opinion, when he says: "I know it is not necessary that the mutual distance of the Planets among themselves and with the Earth be exactly [proportioned] to their sounds and magnitudes, so that their Music may represent their economy [order] — though would that it could be done to the line, that we might have some commerce with [their] voices and instruments." And (p. 1559) he makes light of those very allusions and consonances which we have reported from Kepler in the preceding number, because the opinions of Astronomers about the distances of the stars are diverse — which [of them] the Musician should choose [he cannot tell]. Again (p. 1703), where he reports the opinion of certain [astrologers] saying that the Diapason and Disdiapason are governed by the Sun, the Diapente by Venus, the Diatessaron by [Mars], and the Diapason-diapente by Jupiter, he says (on the following page) that all these are to be repudiated, and adds: "In vain, therefore, will there be harmonists, if [they hold it to be] from the earth to the Moon a tone; from the Moon to Mercury a semitone, and from him to Venus as much; from the earth to the Sun a Diapente; from the Moon to the Sun a Diatessaron; from the Sun to Mars a tone, thence to Jupiter a semitone, as much from Jupiter to Saturn, and from Saturn to the Firmament; and consequently from the Sun to the Firmament a Diatessaron, and from the earth to the Firmament a Diapason." For it is sufficiently clear, by Geometric and Astronomical experience, that those spaces are wrongly constituted (as appears from article 3, and from many other places, concerning the distance of the heavens from one another); but the conclusion must be drawn from the proportion of the motions alone.

Most recently, Fr. Athanasius Kircher treats best of all of the Music reigning in the heaven and in all Nature — especially in Musurgia bk. 10, which he entitles the Decachord of Nature (Register 2, paragraph 2); inquiring what the harmony of the celestial bodies is, and in what it consists, he concludes that their Harmonic consent consists "not in the periodic numbers of the motions, nor in any sensible collision of the celestial bodies, but in nothing else than in their wonderful disposition, and a certain ineffable proportion, conspiring into unity — by which the mundane bodies so correspond to one another that, one being removed or changed, the harmony of the whole would deservedly perish," and so on. Which harmony, as we have said, consists in the wonderful disposition and most proportionate [arrangement] of one body …


[The catchword "ris" (corpo·ris) points to p. 530 (PDF 565), which continues Kircher's view and Riccioli's conclusion, within Chapter VIII.]





(printed p. 530 — Chapter VIII continued. The Fifth Opinion's Kircherian thread concludes: the true celestial harmony is God's providential disposition of distances and magnitudes for the good of sublunary nature, not any audible sound. Five reasons for Riccioli's opinion follow: the motions make no sensible sound; any consonances would exceed the range of human music; harmonic ratios of magnitude are not true harmony, which lies in the quality of sounds; the harmonics cannot be reliably located among the disputed distances; and harmony's arbiters are sense and reason together, per Ptolemy.)



…[the harmony consists in the wonderful disposition and most proportionate analogy] of one mundane body to another, by their interval; and also in the most exactly fitted analogy of the quantity, or magnitude, of each for obtaining its own end. But the end intended by God was not the delight, sensible to hearing, of a sound roused from the heavens, but the production, conservation, and advancement of sublunary nature (especially of living things) toward [its] ultimate end, each in its own manner — which Kircher there goes on to expound excellently and at length. And therefore [God] attributed so great a distance to the Planets that they might produce effects agreeing with sublunary natures: for if the Moon or Sun were much nearer than they are, the former would moisten and chill [things] too much, the latter would dry up and overheat them; and unless, between Saturn and Mars — those discordant, pestiferous, and malign planets — He had interposed Jupiter with its four companions [the four moons], wholesome and most temperate, and on this side the beneficent Sun and Venus, great and intolerable harms would have followed.

This, before Kircher, Pliny had noted (bk. 2, ch. 8), where, having said that the star of Saturn is "of a cold and stiffening nature," and a little after that the third star, of Mars (which some call Hercules's) is "fiery and burning from the nearness of the Sun, completing [its course] in about two years," he at once subjoins: "And therefore, interposed between both by the excessive heat of the one and the cold of Saturn, Jupiter is tempered by both, and made wholesome." And the Ciceronian Paulus intimated the same in the Dream of Scipio, when he says: "of which [orbs] one globe is held by that [star] which on earth they call Saturn's. Next is that prosperous and wholesome gleam to the human race which is called Jupiter's. Then the ruddy one, dreadful to the lands, which you call Mars's." But what we stammer out concerning these things, toward indicating a certain specimen of divine Providence, must be understood (if it can be understood by us at all) of innumerable other reasons and proportions chosen by God in ordering [all things] to their end.



Reasons for the Fifth and Our Opinion

(Rationes pro Quinta et Nostra Opinione)


[Margin: 1st reason.]



[VIII.] First: the intervals and motions of the celestial bodies either produce no sound at all — especially in the Planetary system, where the planets move in a fluid and most tenuous ether — or at any rate produce no sound sensible to us, as is clear by experience; wherefore it was truly said by Pliny (bk. 2, ch. 3): "To us who dwell within, the world glides on silently, alike by day and night." They are therefore not ordained by God for sound; and accordingly the harmonic proportions are not to be sought in them — those proportions which, in human voices, are consonant to our ears so as to produce a concinnity pleasant to them; for, the end being taken away, the order and proportion due to that end is taken away too. And much more [is this so] in the intervals themselves, taken apart from motion — since, as Kepler rightly said, the proper subject of harmony is not immobile quantity, but mobile: that is, the very motion of the bodies.


[Margin: 2nd reason.]



Secondly: even if the celestial bodies did, by their motion, produce a sound sensible to us, yet the consonances of their sounds would not fall within those terms and limits within which the consonances of human voices fall — which, on account of our weakness or the necessity of [our] nature, we confine within the bounds of the Boethian system or the Guidonian scale. For since the lung, throat, palate, tongue, teeth, and lips are not ordained to this end only (that, by forming the voice, we may modulate sweetly), but also to many other ends, these organs had to be so framed that they could descend only to a certain limit of gravity, or ascend [only] to [a limit] of acuteness. But in other animals there are those that can form a graver or acuter voice than we; and in the strings and pipes of organs far more and subtler differences can be found — how much more in the motions of the stars, mingled with such great variety. In vain, therefore, would we measure the laws of that [celestial] concord by the over-short and meager norm of our [human] harmony; it would be just as if we wished to cramp the Angelic songs — in the innumerable bodies which [the angels], by God's permission, could assume — to our [human] measures.


[Margin: 3rd reason.]



Thirdly: If a harmonic proportion is to be sought in the celestial intervals or motions — chiefly because in them some symmetry can be found, or even a double, triple, quadruple, quintuple proportion, etc. (if not most exactly, at least with fractions little vitiating that proportion) — yet, the aforesaid proportions being granted (though not yet conceded), it still does not follow from them, as such, that a true Harmony is found, but [only such as harmonies] are in the qualities of voices and sounds. For so Panaetius said (in his book On the Principles of Geometry and Music): "The faculty of consonances is regarded not in the magnitudes of voices, but in their qualities." Otherwise, in whatever discrete or continuous quantities are found (reduced by division to discrete ones, in which, besides unity, are the numbers 2, 3, 4, 5, 6, by which all the fourteen consonances reckoned in the first table of ch. 4 are contained), there Harmony would "reign," taken properly or quasi-properly — and so very many arts would be confounded with one another. Nor must every symmetry be weighed by the Canon of the musical Monochord, or by the norm of harmonic ratios. For who would demand this of the architect in his buildings, or of the apothecary in compounding medicines, or of the general in drawing up a battle-line, or of the shipwright in building ships, or of God Himself and Nature in the structure of the human body, or of animals or plants? It would surely be ridiculous to require that the nerves, intestines, and tendons should have, in the animal body, that measure which the harmonic proportions require; or that the five principal vessels (instruments of the soul) — the brain, heart, liver, kidneys, and spleen — should be so commensurate among themselves, as to quantity or motion, that the brain (for example) should have with another member a Diapason [octave], the heart a Diapente [fifth], the liver a Diatessaron [fourth], the kidneys a Diapason-diapente [twelfth], the spleen a Disdiapason [double octave]. For such a proportion would be unfit for the end to which they are ordained — which is far different from the delight of the ears. The same judgement, therefore, holds of [the proportions] in the celestial intervals and motions, [as] not having that symmetry which is proper to Music — that is, symphonism. Nor is there doubt that many proportions [are] unfit for begetting consonances — such as those arising from the number 7 (and 4) compared with others — and yet are most fit for other effects intended by God and Nature in the heaven and in other bodies.


[Margin: 4th reason.]



Fourthly: Either the harmonic proportions are to be sought in whatsoever intervals of the Planets — and not this, for most intervals do not have them, and so the work of the Divine Tuner [Harmost] would for the most part lack the very harmony which the followers of the Pythagoreans so greatly commend; or [they are to be sought] from the more notable intervals only — namely from the Maximum, Mean, and Minimum distance of the stars among themselves, or from the Sun, or from the Earth, or from [combinations of] all these — and neither can this be obtained: both because the diversity of opinions about these stellar intervals among the more recent Astronomers stands in the way; and because, not even in any single Astronomer's scheme, are all the maximum, mean, or minimum intervals of the planets so attuned that the commonly received musical consonances are in them; and, finally, because never have all the planets' Apogees concurred with [other] Apogees, or [their] Perigees with Perigees, in one place under the Fixed stars — or if ever this was [or will be], it does not suffice for a Harmony worthy of God, for that ought to happen always, or for the most part. Just as it does not suffice for the excellence of some chief-musician if the voices and tones are so ordered by him that they consonate twice or thrice but dissonate a thousand times. Not to mention, meanwhile, the variety of the Genera and Modes of Music (indicated in ch. 5), which is so great that it is not certain which Genus is suited to the celestial [bodies].


[Margin: 5th reason.]



Fifthly: Finally, no one is so senseless, or of so stubborn or shameless a brow, as not to grant to Ptolemy (Harmonics bk. 1, ch. 1 and 2) that the arbiters of harmony ought to be Sense and Reason — yet so that Sense, a posteriori, first finds what is near to the truth, while Reason, considering the causes, a priori finds and determines what is exact; or, if Reason first finds what is exact, that finding must nevertheless be received by sense and approved as concinnous — lest either, with the Pythagoreans, we attribute too much to reason, or, with the Aristoxenians, too much to the senses. And that same opinion of his must again be inculcated, from bk. 1, ch. 2, where he says: "It is the harmonist's aim everywhere to preserve the rational positions of the Canon, in no way repugnant to the senses (by most men's opinion); just as it is the Astronomer's aim to preserve the positions of the celestial motions, consonant with the observed revolutions — and these too taken, indeed, from the more evident and more universally apparent [phenomena]." But if we should wish [to determine] the intervals of the Planets from the rules of harmony …


[The catchword "regu-" (regu·lis, "rules") points to p. 531 (PDF 566), continuing the fifth reason, within Chapter VIII.]





(printed p. 531 — Chapter VIII concludes: harmonic rules for the planetary intervals conflict with observation, so Scripture's and the Fathers' "Harmony of the heavens" must be taken metaphorically, not literally. Chapter IX asks whether the magnitude and density of the celestial bodies were determined harmonically, and Riccioli denies it, noting Kepler defined sizes geometrically and Rheita's proportions contradict observation. Chapter X then opens on whether the planets' motions were determined by harmonic proportions, beginning with Ptolemy's treatment in Harmonics 3.9-15.)



(conclusion)

…[But if we should wish to determine the intervals of the planets from the] rules of harmony, they will often be repugnant to the observations evidently made by sense; nor will the commensurations of the orbs, or the prosthaphaereses founded on them, represent the places of the planets such as are detected through Astronomical instruments and accurate observations; and they will so conflict as to be far from that nearness which this business would require, in order that Reason might have a foundation.

[We must say], rather, that God willed to attain other ends through the celestial intervals and motions — yet so that He also proposed this [end]: namely, the beauty of the harmonic ratios, to be wrought for Himself and to be contemplated by the intellectual creature. Since, therefore, observations repeatedly cry out against and dissonate from the harmonic laws, it must be said either that those ends could not be acquired at once through these means, or that God truly did not will it. Accordingly, the assertions of Scripture, of the Fathers, and of the Wise concerning the Harmony and Concord of the heavens are to be taken not in a proper, or quasi-proper, sense — as though nothing else were lacking to [the heaven] in respect of harmonic reckoning except a sound sensible to us — but in a metaphorical sense, and according to a certain analogy and accommodation. In the same way, too, that [text] of Ecclesiasticus 32 must be understood, in political and economic governance: "Have they made thee ruler? Be not lifted up," etc., "and hinder not the music" — that is, the order and subordination of duties, or the peace and concord of citizens or of a household.




Chapter IX, Whether the Magnitude and Density of the Celestial Bodies has been determined by Harmonic Proportions

(An Magnitudo et Densitas Corporum Caelestium ex Harmonicis Proportionibus Determinata fuerit)

[I.] This we likewise deny, for the reasons adduced in chapter 8 from number 8 [¶VIII], if what we said of the intervals be applied to the Magnitudes and Densities of the planets — except, however, [that here we lack] the argument a posteriori, taken from sensible experiment, concerning their density; for we have no such experiment by which we could convict of falsity those who might feign the density and rarity of the planets from harmonic proportions. Nor indeed did Kepler (Epitome of Astronomy bk. 4) define those [magnitudes and densities] from harmonic, but only from Geometric, reasons — as is clear from his own pages 484 to 489: he only said that Saturn is twice as high [far] as Jupiter, one-and-a-half times heavier, and one-and-a-half times rarer, and so twice as high as it is heavier, and twice as ample as it is rarer, and proportionally of the rest; but that the Sun is the densest of all. (The proportions of density which he devises we have already reported, bk. 7, sect. 1, ch. 1, num. 7; and his various propositions bearing on it we reviewed, bk. 7, sect. 6, ch. 8, num. 16 — to which we refer the Reader, but so that he also consult Scholium 2 of the same chapter.) The same Kepler, moreover (Harmonics bk. 5, ch. 4), expressly denies that the proportions of the bodies of the planets are harmonic.

But as for what Fr. Anton Maria de Rheita asserts (in his Oculus Enoch et Eliae bk. 4, ch. 2, member 4) — that the Earth is to the Sun as a square root to its square, or as 10 to 100, so that the Sun is a hundredfold greater than the Earth, and the like (of which we treat, bk. 7, sect. 6, ch. 8, schol. 3) — whence Kircher (Musurgia 10, p. 379) says that, if they were true, certain harmonic proportions could be gathered [from them]: this, I say, by no means agrees with the more exact observations of the diameters and distances held by us and by others (as is clear from what was said, bk. 7, sect. 6, from ch. 10). And Kircher himself (same page, and p. 381) holds the observations of Rheita suspect, on which he built those proportions, and says: "But I greatly doubt that Rheita, for the apparent quantity of the said diameters assumed at his pleasure, chose so beautiful and specious a proportion rather than [actually] observed it."




Chapter X, Whether and by what reckoning the Motions of the Planets have been determined by God from Harmonic Proportions

(An et Qua Ratione Motus Planetarum ex Proportionibus Harmonicis Determinati fuerint a Deo)

[I.] Here, indeed, Johannes Kepler triumphs (Epitome of Copernican Astronomy bk. 6, pp. 477, 501, and 900; Mysterium Cosmographicum ch. 14, 20, 21; but chiefly in his book of Harmonics) — in whose preface he relates that he began to speculate on this matter 22 years before, and spent the best part of his life in Astronomy to this end: namely, to show that the whole nature of Harmony, however great it is — with all its parts expounded in book 3 — is to be found among the celestial motions. From Kepler a few things were selected by Pierre Hérigone (Cursus Mathematicus vol. 5, from p. 573) and by Mersenne (on Genesis 4, p. 1558, etc.); but more fully by Athanasius Kircher (Musurgia bk. 10, p. 376).


[Margin: Ptolemy's doctrine on the harmony of the celestial motions.]



But before Kepler, Ptolemy (Harmonics bk. 3, from ch. 9) took up this very argument for himself to treat — whom, therefore, it is fitting to hear first.

[II.] Ptolemy, then (Harmonics bk. 3), [teaches as follows]:


	(ch. 9 — the motion in longitude [the diurnal motion]): he likens the Rising and Setting of the stars to the gravest voices, and the Meridian ascents to the acutest — both because, just as those who train the voice begin from the gravest, and when they have ascended to the acutest, descend until they end in the gravest (and so are moved from silence, through the acutest voice, to silence), so the stars pass from rising, through the meridian, to setting, from one privation of aspect to another; and because the lower places (to which the points of rising and setting are likened) render the gravest sounds, but the higher, like the meridian, the acutest.

	(ch. 10 — the motion in altitude [distance]): in the motion at the maximum distance from the earth the Diatonic genus reigns (because in it two intervals are not less than the rest); in the minimum distance, the Enharmonic (because in it both [outer] intervals are less than the rest); and in the mean distance, the Chromatic (because in it the Lichanos, the index-string, holds the middle of the tetrachord, standing midway between the Diatonic and the Enharmonic).

	(ch. 11 — the motion in latitude): he compares it to the changes that occur among the modes (the transgression of the genera): the Mixolydian and Hypodorian (the extreme modes) answer to the maximum latitude toward North and South; the [Dorian], the middle, to when the planets lack latitude and are on the Ecliptic (or in declination, or on the Equator).

	(ch. 12 — the aspects to the Sun): the remaining order of the tetrachords he likens to the remaining aspects — the tetrachords of the disjunct strings (diezeugmenon) to the intervals from occultation to the appearances of the stars and to the oppositions with the Sun (acronychal risings and full moons); the conjunct tetrachords (synemmenon) to the quadratures; and so of the rest.

	(ch. 13 — the 360-degree circle): the whole circle divided into 360 parts, he assigns to the Trine aspect 120 parts, to the Quadrate 90, to the Sextile 60, and to the Opposition 180; the Proslambanomenos being taken at 180 parts… [he gives, of the middle strings, 20; to the last diezeugmenon 90; to the last hyperbolaeon 60].

	(ch. 14): he inquires into the consonances Diapente, Diatessaron, and some others, through the division of the circle into 360 parts — as certain aspects are of the whole circle, or of a portion of it due to another aspect — yielding a sesquitertian, sesquialteran proportion, and the like.

	(ch. 15): finally he says that the sound of Saturn and Mars (the malefics) makes a Diatessaron consonance with the sound of the benefics — namely, that the last [string] of the hyperbolaeon (the "excellent") of Saturn consonates with the last of the diezeugmenon (the "disjunct") of Jupiter; the last of the synemmenon (the "conjunct") of Mars with the Mese, or middle [string], of Venus; and that the sound of Saturn belongs rather to the Solar sect, [and that of Mars …]




[The catchword "tis" (Mar·tis) points to p. 532 (PDF 567), continuing Ptolemy's doctrine and then Kepler's, within Chapter X.]





(printed p. 532 — Chapter X continued, the heart of Kepler's celestial harmony. Ptolemy's doctrine ends with Riccioli's verdict that he partly plays the poet; then Kepler's own doctrine follows: the Sun as "Choragus" dividing the circle into 720 harmonic parts, and the Third (Harmonic) Law — periodic times as the 3/2-power of mean distances, confirmed by Wendelinus for Jupiter's satellites. Kepler's tables of apparent diurnal motions then show that the convergent motions of adjacent planets form near-perfect consonances.)



…[and that the sound of Saturn belongs rather to the Solar sect, but that] of Mars to the Lunar sect; wherefore all the configurations of Saturn to Jupiter are beneficent, but of the aspects of Saturn to the Sun only the Trines are beneficent (as more consonant than the rest); so too only the trine configurations of Mars to Venus and the Moon are beneficent; further, the configurations of Saturn to the Moon and Venus are evil, and those of Mars to the Sun all dangerous. Let it suffice us to have indicated these, so that it may appear that Ptolemy in these matters partly rather plays the Poet (as seemed also to Kepler, in the appendix to his Harmonics), and partly, out of the Astrological faculty or vanity, hunts for a harmony in the heaven.


[Margin: The proportion between the Periods and the Distances of the Planets.]



[III.] But Kepler (Epitome of Astronomy bk. 4, p. 477; and Harmonics bk. 3, ch. 6) teaches that the least number suitable for determining all the parts of the Monochord — for constituting the system of the double Diapason, that is, of the soft and hard song [minor and major] — is 720; and since, from the ancient observations of Aristarchus and from more recent ones, the apparent diameter of the Sun at apogee subtends 30 minutes (he says), which is 1/720 of the whole circle, this diameter was determined of such a quantity that the first body — that is, the Sun, the Choragus [choirmaster] of the celestial music — should divide the circle, for the earth-dwellers and the contemplating creature, according to the Harmonic laws: that is, into 720 parts. Which number can be divided into very many aliquot parts — by 2, 3, 4, 5, 6, 8, 9, 10, 12, 15, 16, 18, 20, 24, and 48 — that is, in order, into the parts 360, 240, 180, 144, 90, 80, 72, 60, 48, 45, 40, 36, 30, 15. (The consonances he determines from the sides of the figures inscribable and demonstrable in the circle we have already taught — ch. 4, Scholia 1 and 2; and Harmonics bk. 4, ch. 5 and 6; and Epitome bk. 6, p. 901.) He teaches that sublunary nature is so often sensibly stirred and stimulated to act, as often as the planets are configured harmonically among themselves — that is, when their aspects and radiations occur at such a distance from one another under the Zodiac as the harmonic proportions require (of which Aspects we shall speak in the following chapter; for now we treat only of the motions themselves).


[Margin: The proportion between the periods and the distances of the planets (Kepler's Third Law).]



Of these, Kepler treats (Epitome bk. 6, from p. 90, and in the whole of Harmonics bk. 5, especially ch. 3), where he affirms, as a most certain thing, that the proportion between the periodic times of any two Planets is precisely the sesquialteran [3/2-power] proportion of their mean distances from the Sun — provided the mean be the arithmetic mean between the two diameters of the elliptic orbit, which is a little less than the longer diameter. So that, for example, if from the period of the Earth (which is 1 year) and from the period of Saturn (which is 30 years) you take the third part of the proportion (that is, the cube roots), and then make the double of this proportion (by squaring the roots), there will come forth the most exact proportion of the distances of Saturn and the Earth from the Sun. For the cube root of 1 year is 1, and its square 1; but the cube root of 30 years is a little more than 3, and its square a little more than 9: therefore Saturn's mean distance from the Sun is a little more than ninefold the mean distance of the Earth. This Keplerian proposition Hérigone also accepts (Cursus Mathematicus vol. 5, p. 573); and the same proportion between the periods and the distances of the Satellites of Jupiter was noted by Wendelinus [Govaert Wendelen] in a most learned letter written to me by himself. Kepler proceeds, and (ch. 4) confesses that, in the periodic times of the planets compared among themselves, there are no harmonic proportions — to which Mersenne (on Genesis 4, p. 1558) and Kircher (Musurgia 10, p. 377) readily subscribe. Now the periodic motions of the planets around the Sun are gathered, from all the motions through all the degrees of the whole circuit (long, mean, and small), by Kepler, as in the following table.

The apparent diurnal motions of the planets, and the "song" of each

(Motus Apparentes Diurni — each planet's daily angular motion at aphelion and at perihelion, in arc-minutes ′ and seconds ″; and the consonance traced by its own motion-range)




	Planet
	Aphelion motion
	Perihelion motion
	Index-letters
	Own proportion
	Consonance





	Saturn
	1′46″
	2′15″
	a, b
	4 : 5
	major Third



	Jupiter
	4′30″
	5′30″
	c, d
	5 : 6
	minor Third



	Mars
	26′14″
	38′1″
	e, f
	2 : 3
	Diapente (fifth)



	Earth (Tellus)
	57′3″
	61′18″
	g, h
	15 : 16
	Semitone



	Venus
	94′50″
	97′47″
	i (n), k
	24 : 25
	Diesis



	Mercury
	164′0″
	384′0″
	l, m
	5 : 12
	Diapason with minor Third (octave + minor third)






(This is the famous result of Kepler's Harmonices Mundi: each planet's own range of angular speed, from slowest at aphelion to fastest at perihelion, spans a musical interval — Saturn a major third, Jupiter a minor third, Mars a fifth, the Earth a semitone, Venus a barely-perceptible diesis, Mercury an octave-and-a-third. Riccioli distinguishes these apparent diurnal motions from the mean diurnal motions, which differ by a few seconds and from which the consonances are exactly computed: e.g. Saturn 1′48″:2′15″ = 108:135 = 4:5; Earth 57′28″:61′18″ = 15:16; Mercury 164′:394′ = 5:12. All six check.)



Harmony of Pairs

(Harmonia Binorum — the harmonic ratio between the extreme diurnal motions of each adjacent pair of planets: Divergent = aphelion-motion of the upper to perihelion-motion of the lower; Convergent = perihelion of the upper to aphelion of the lower)




	Adjacent pair
	Divergent
	Convergent





	Saturn–Jupiter
	a : d = 1 : 3
	b : c = 1 : 2 (Diapason / octave)



	Jupiter–Mars
	c : f = 1 : 8
	d : e = 1 : 5



	Mars–Earth
	e : h = 5 : 12
	f : g = 2 : 3



	Earth–Venus
	g : k = 3 : 5
	h : i = 5 : 8



	Venus–Mercury
	i : m = 1 : 4
	k : l = 3 : 5






[Margin: Explanation of the preceding table.]



In the preceding table, then, the first column ["Harmony of Pairs"] indicates the harmonic proportions between the diurnal motions of two planets around the Sun — whether divergent (comparing the aphelion of the upper with the perihelion of the lower) or convergent (the perihelion of the upper with the aphelion of the lower); to mark which, the alphabetic letters are added, which, sought in the second column [the motion-table], signify the aphelion or perihelion motion of the planet. For example, in the first column under the title "divergent" you see a and d, and opposite to them this fraction 1/3; now a, in the second column, signifies Saturn's aphelion motion, and d, Jupiter's perihelion; therefore between the diurnal motion of Saturn's aphelion (which is 1′46″) and Jupiter's perihelion (which is 5′30″) there is a proportion as of 1 to 3 — for, the motions being resolved into seconds, they are, in diurnal motions, Saturn's 106″, Jupiter's 330″, between which is the proportion as 1 to 3. But between b and c — that is, between the convergent diurnal motions of Saturn's perihelion and Jupiter's aphelion — the proportion indicated by the fraction 1/2 (namely double, or as 2 to 1); for Saturn's perihelion motion is 135″ and Jupiter's aphelion 270″, between which is a most perfect Diapason [octave].

But in the others — except for Jupiter with Mars — the proportions of the motions are so near to the harmonic that, if strings were so tuned, the ears could not easily discern the imperfection of the consonance. So Kepler concludes that there are perfect harmonies: between Saturn's perihelion and Jupiter's aphelion, a Diapason [octave]; between Jupiter's perihelion and Mars's aphelion, nearly a Diapason-with-soft-third [octave + minor third]; between Mars's perihelion and the Earth's aphelion, a Diapente [fifth]; between the perihelia of the same [Mars and Earth], a soft [minor] Sixth; between the aphelia of the Earth and Venus, a hard [major] Sixth; between the perihelia of the same [Earth and Venus] …


[The catchword "Peri" (Peri·helios) points to p. 533 (PDF 568), continuing Kepler's pairwise harmonies, within Chapter X.]





(printed p. 533 — Chapter X concludes and Chapter XI opens. Kepler's harmony finishes: the motion-proportions yield musical modes and four voice-parts (Bass to Saturn and Jupiter, Soprano to Mercury), with the Sun as the "Regia" of nature perceiving these harmonies — whence Kepler confirms heliocentrism. Riccioli's verdict: more ingenuity than solid doctrine, resting on rejected heliocentrism; the celestial harmony of Scripture is only analogical and metaphorical. Chapter XI then opens on the force of astrological Aspects, with Kepler deriving 13 efficacious aspects from inscribed polygons.)



…[between the] perihelia of the same [Earth and Venus], a soft [minor] Sixth; and between Venus's aphelion and Mercury's perihelion, or even between their perihelia, a Disdiapason [double octave]. From these and other considerations — but not without many cautions — (ch. 5) he tries to drag the proportions of the planetary motions to the places of the System, or to the keys of the Musical Scale, in the genus of hard and soft song [major and minor]; and (ch. 6) that, in the extremes of those same motions, there are expressed by God, in some way, Musical Tones or Modes; and (ch. 7) that there are given universal Harmonies of all six planets, as it were common Counterpoints, in four forms; and (ch. 8) — although he confesses that in the heaven there are neither sounds, nor any motions (in which he considers Harmonies) that are real, but only apparent from the Sun, and that there is no solid natural cause for comparing the apparent motions of the planets with human voices — yet, by I-know-not-what enticement of congruence and analogy, he assigns the Bass to Saturn and Jupiter, the Tenor to Mars, the Alto to the Earth and Venus, the Descant [Soprano] to Mercury.

Hence, having made a step to the Eccentricities (in the very prolix ch. 9, with many axioms — for the most part feigned — ingeniously coordinated to his purpose), he tries to show that the eccentricities of the orbs had to be determined from Harmonic reasons, so that the extremes of the aphelion and perihelion motions might represent the harmonic proportions [given] above; and that therefore the inscriptions and circumscriptions of the orbs in (or about) the five Regular bodies had to yield to these harmonic reasons, and that the intervals of the planets could not be so exactly constructed from the Regular bodies [alone], lest the Harmonies of the extreme motions about the Sun should perish. Finally (ch. 10), since he seems to himself to have grasped a Harmony among the extreme motions of the planets — not real, but apparent to the Sun, or seen from the Sun — he concludes that the Sun is the Royal seat [Regia] of all nature, and that there is in it some Mind, hidden from us, which can perceive those harmonies (since they arise only from the motions subtending angles at the Sun). Hence he tries to confirm the rest of the Sun and the motion of the Earth — without which a great part of those harmonies perishes. Yet the same [Kepler] taught how to investigate the harmonic proportions in the motions seen both from the Sun and from the Earth (Epitome bk. 6, p. 901) — which doctrine we set forth from him on another occasion (bk. 7, sect. 5, ch. 8, num. 7), so that we need not repeat it here.


[Margin: Our Opinion.]



[IV.] Our Opinion, however — from which Mersenne (on Genesis 4, from p. 1558, and p. 1704) and Kircher (Musurgia 10) are not far — is that the aforesaid endeavors of Kepler contain more ingenuity than solid erudition or true doctrine. For, first, a great part of them rests on the immobility of the Sun at the center of the World, on a certain mental force of the Sun apprehending the harmonies, and on the annual motion of the Earth about the Sun — which hypothesis we have already rejected in the last chapters of the preceding Section. Secondly, the three former reasons (adduced ch. 8, num. 8) militate here. Thirdly, since Harmony properly so called (harmonic proportions) is found neither in the periods of the planets compared among themselves, nor in most of the diurnal motions seen from the Earth (where the contemplating creature of the divine works is, accustomed to sensible harmonies), nor in the motions as to latitude, nor among the extreme motions themselves apparent from the Sun so exactly as was fitting and possible for God (if, in determining the motions, He had had the harmonic reasons set before Him in the Archetype); and finally, since those extreme motions of two planets (e.g. the perihelion of Saturn and the aphelion of Jupiter) very rarely concur, but for the most part the motions proceed without these harmonies — it seems rather to be asserted that the Harmony which Scripture and the Fathers and very many wise men recognize in the heaven is to be understood only analogically and metaphorically, by a certain accommodation and likeness: namely, that just as in sensible Harmony, out of unequal and diverse sounds and voices, there arises a concord pleasant to the ears, so out of the motions of the celestial bodies — though diverse and unequal — there follows nevertheless an admirable order toward the end sought by God, and a conspiration of the means toward the same, most delightful to the Angelic and Human intellect contemplating these more deeply. But the other things, sought out with such ingenuity by Kepler and others to establish some such Harmony in the heavens (so that nothing should be lacking to it but a sensible sound), seem mere symbolisms, poetic or rhetorical rather than philosophical — as Kepler himself, in the appendix to his Harmonics (p. 253), speaks of the symbols of Ptolemy and of Robert Fludd ("of the Tides"); and Mersenne (on Genesis 4, p. 1558) judged the same of Kepler's analogies, calling them symbolisms, at most Oratorical — such as Orators could use to amplify, by such metaphors, the Divine Providence in celestial things. And [Kepler] adds that the eternal Geometry of God is concerned with harmonic proportions rather than with the temperings of figures, colors, tastes, and odors; and that, just as we cannot — by the image of the divine Geometry impressed on our mind — give a reason why this figure, or this mixture of colors, should rather delight the eyes, or why these tastes or odors should please the palate or nostrils more than others (nor in these must one recur to the image of Geometry), so neither, in giving a reason why these sounds rather delight the hearing; and much less, from what is pleasant to the hearing alone, is a reason to be drawn of the celestial motions and of the intelligible beauties.




Chapter XI, Whether, and what, force and determination the Aspects of the Stars have from Harmonic Configurations

(An et Quaenam Siderum Aspectus vim habeant ac determinationem ex Configurationibus Harmonicis)

[I.] Much about this argument I taught (bk. 7, sect. 5, ch. 8), since the aspects are affections of the planets in longitude, of which that section treated; and I seemed there to report the doctrine on this matter in such a way as not to disapprove it, because the divisions of the circle by aspects seem to have a greater kinship with the harmonic consonances than the motions of the planets do. Moreover Kepler taught (Harmonics bk. 4, ch. 5, props. 1, 2, 3) that the kinship of the Radiations (or Aspects) with the circle, its arcs, and the figures inscribable in it is greater than that of the Consonances; that the congruence of [the figures] inscribable in the circle avails more toward constituting efficacious configurations than toward consonances; and that congruence avails more toward the same than does knowability [scibilitas]. (What congruence is, and what the knowability of figures is, is indicated here in the Scholia of ch. 4.)


[Margin: The efficacious configuration.]



Further (ch. 5), by Kepler an efficacious configuration is defined: [when] the radii of two planets make such an angle as is apt to stimulate sublunary nature and the lower faculties of living things, so that each is the more excited about its own work at the time of the configuration. Then he assumes an axiom: that the arc of the Zodiac-circle which the side of a congruent and knowable figure (or star-figure) measures out is the module of an efficacious configuration, and that the angle of a knowable and congruent figure is the module or measure of an efficacious configuration. These being posited — since he had demonstrated (bk. 1) that the Diameter of the circle, the Tetragon [square], the Trigon [triangle], the Hexagon and Octagon and octagonal star, the Dodecagon and dodecagonal star, the Pentagon, the Decagon, and the pentagonal and decagonal stars are knowable, and (bk. 2) congruent — he therefore constituted 13 efficacious configurations, of which:


	the most efficacious is the Conjunction, to which corresponds the whole circuit of the circle, 360 degrees;

	next, the Opposition, because [its lines] meet in one same line (which is the most perfect congruence), to which corresponds the semicircle, 180 degrees;

	next, the Quadrate [Square] aspect, to which corresponds the quadrant, 90 degrees;

	after it, the Trine (or Trigon), to which corresponds the third of the circle, 120 degrees;

	then the Sextile (or Hexagon), to which corresponds the sixth of the circle, 60 degrees;

	then the remaining Keplerian aspects, in that order of efficacy which we present at once in a table.




[The first paragraph ends introducing the table of Kepler's 13 efficacious aspects, which follows on p. 534 (PDF 569), within Chapter XI.]





(printed p. 534 — Chapter XI continued, Kepler's harmonic theory of the astrological Aspects. The table of 13 efficacious configurations is given; then Kepler's earlier axiom that the aspects answer to the consonances below the octave, which he himself refutes from meteorological experience and corrects: the aspects answer to the consonance of the aspect-arc with the whole circle. Riccioli judges the old axiom not merely insufficient but false, the comparison of consonances with aspects being geometrically unsound.)



Efficacious Configurations

(Configurationes Efficaces, from Kepler's Harmonics bk. 4, ch. 5) — the 13 aspects, the inscribed "knowable and congruent" figure whose side generates each, and the consonance Kepler once attached to it




	Aspect
	Zodiac arc (°)
	Symbol
	Generating figure
	Harmony once believed by Kepler





	Conjunction
	0 / 360
	conjunction
	(the whole circle)
	—



	Opposition
	180
	opposition
	Diameter of the circle
	Diapason



	Quadrate (Square)
	90
	square
	Tetragon (square)
	Diatessaron



	Trine
	120
	triangle
	Trigon (triangle)
	Diapente



	Sextile
	60
	sextile
	Hexagon
	Semiditonus (minor third)



	Octile (Semiquadrate)
	45
	—
	Octagon
	Hexachordum minus (minor sixth)



	Trioctile (Sesquiquadrate)
	135
	—
	Octagonal star
	—



	Semisextile
	30
	—
	Dodecagon
	—



	Quincunx
	150
	—
	Dodecagonal star
	—



	Quintile
	72
	—
	Pentagon
	Ditonus (major third)



	Tridecile (Sesquiquintile)
	108
	—
	Decagonal star
	—



	Biquintile
	144
	—
	Pentagonal star
	Hexachordum maius (major sixth)



	Decile (Semiquintile)
	36
	—
	Decagon
	—






(Each aspect's arc is what the side of the named regular polygon (or star-polygon) subtends in the circle: the diameter [2-gon] gives 180°, the square 90°, the triangle 120°, the hexagon 60°, and so on; the star-polygons give the "skip" arcs (the octagonal star 135°, the pentagonal star 144°, etc.). The last column shows the consonance Kepler had earlier matched to seven of these figures.)

[Margin: An old axiom of Kepler, condemned by Kepler himself.]



[II.] The same Kepler (Harmonics bk. 4, ch. 6) treats of Astrology — of which he had written in his book On the New Star (ch. 8, 9, 10), and in his responses to the physicians Helisaeus Roslin and Philip Feselius, who attacked these new aspects; and finally [what] he had said of them in his Ephemerides (pp. 33–36). For in the year 1606 he had assumed as an axiom that God the Creator drew the law of ordering the Aspects from the Harmonies of song below the octave, or that He attuned the ears of men to the celestial Aspects, [making them] judges of those concordances — an axiom coined by no one but himself (as appears from p. 34 of the Ephemerides), which he now refutes: because [if it were true] there would have to be as many aspects as there are simple consonances up to the Diapason. For [then] the Quadrate aspect should answer to the Diatessaron; the Trine to the Diapente; the Opposition to the Diapason; the Quintile to the major Third (Ditone); the Sextile to the minor Third (Semiditone); the Biquintile to the major Sixth (greater Hexachord); the Sesquiquadrate to the minor Sixth (lesser Hexachord). For if you take from the whole string as great a portion as each aspect takes from the circle, the residue of the string makes, with the whole string, the consonance assigned to that aspect.

But, says Kepler, in his Meteorological observations it was found that sublunary nature is stirred even by the Semisextile aspect (which intercepts a twelfth of the circle), although, a twelfth of the string being removed, the residue of eleven parts does not consonate with the whole; and, on the contrary, that nature is not sensibly stirred by the Sesquiquadrate (which intercepts three-eighths, or 135°), although, three-eighths of the string being removed, the remaining five parts do consonate with the whole. Hence, stirred [by this], he corrects his axiom, and teaches that the proportion of the aspects answers not to the major concordances [by the residue] but to the consonance of the aspect-arc with the whole circle. For example, the Trine does not answer to the Diapente, but to the Diapason-Epidiapente [octave + fifth = a twelfth, 1:3]; for the Trine is between planets distant a third of the Zodiac (120°), not the residue (240°), and between 3 and 1 is the consonance Diapason-Epidiapente. The Quadrate answers not to the Diatessaron, but to the Disdiapason [double octave, 1:4], being between [planets] distant 90° (a fourth), and between 4 and 1 is the Disdiapason. The Quintile is between [planets] distant 72° (a fifth), and between 5 and 1 is the Diapason-with-Ditone [octave + major third, 1:5], which not all admit among the true consonances. So too the Sextile answers not to the minor Third but to the Disdiapason-Epidiapente [1:6]; the Biquintile not to the major Sixth (as we supposed above) but to a [consonance] composed of the major Third and the Diapason; the Sesquiquadrate not to the minor Sixth but to one composed of the Diatessaron and the Diapason — as is clear from the proportion of the part to the whole (the Sextile distant a sixth of the Zodiac; the Biquintile two-fifths = 144°; the Sesquiquadrate three-eighths = 135°): for between 6 and 1 is the Disdiapason-with-Diapente; between 5 and 2, the Diapason-with-Ditone; between 8 and 3, the Diapason-with-Diatessaron. Let the preceding table be emended, then, as in the following, to which we have added three consonances omitted by Kepler.

The Aspects and their consonance with the whole circle

(the corrected table — Aspect · intercepted Zodiac degrees · consonance of the arc with the whole circle of 360°)




	Aspect
	Zodiac arc (°)
	Consonance with the whole circle (arc : 360°)





	Opposition
	180
	Diapason (1 : 2)



	Quadrate
	90
	Disdiapason (1 : 4)



	Trine
	120
	Diapason-Epidiapente (1 : 3)



	Sextile
	60
	Disdiapason-Epidiapente (1 : 6)



	Octile
	45
	— (a cross; no received consonance)



	Trioctile
	135
	Diapason-Diatessaron (3 : 8)



	Semisextile
	30
	— (a cross)



	Quincunx
	150
	Diapason-with-Semiditone (5 : 12)



	Quintile
	72
	Disdiapason-with-Ditone (1 : 5)



	Tridecile (Sesquiquintile)
	108
	Diapason-with-major-Hexachord (3 : 10)



	Biquintile
	144
	Diapason-with-Ditone (2 : 5)



	Decile (Semiquintile)
	36
	— (a cross)






(The consonance is the ratio of the aspect's arc to the whole 360°, all verifiable — 180:360 = 1:2 (octave); 90:360 = 1:4 (double octave); 120:360 = 1:3 (twelfth); 60:360 = 1:6; 135:360 = 3:8 (eleventh); 150:360 = 5:12; 72:360 = 1:5; 108:360 = 3:10; 144:360 = 2:5. The three crosses (Octile 1:8, Semisextile 1:12, Decile 1:10) mark arcs giving no received consonance. The Conjunction (360°, the whole circle) heads the list without a proper ratio.)

[Margin: The falsity of the aforesaid axiom.]



[III.] These and other things — having become more cautious than himself — Kepler teaches in that ch. 6; among which the notable ones are these, which it pleases [me] to state in his words, with our little explanation added… [namely, that] a finite straight line, truncated or prolonged, remains a straight line; but a circle truncated does not remain a circle: whence it follows that a proportional section of two straight lines is possible, but not of two arcs of one circle. … That a true mathematical and causal comparison of the Concordances with the Aspects may stand, [the old axiom] must plainly be overthrown — since it is not only insufficient, but [also false] …


[The catchword "Con" points to p. 535 (PDF 570), continuing Riccioli's discussion, within Chapter XI.]





(printed p. 535 — the last page of Book IX. Chapter XI concludes: Kepler distinguishes consonances from aspects as two nations sprung from the same fatherland, Geometry — his notions of a world-soul Riccioli flags as inadmissible without correction — and his final three-order ranking of the aspects is tabulated. Riccioli's closing judgment: since several aspects answer to no consonance, this harmony was not God's rule; celestial "music" is metaphor and analogy only. The book ends with FINIS.)



(conclusion, and the end of Book IX)

…[Con]sult now, in our chapter 4, the first Table of Consonances, and you will see that there are not a few [consonances] to which no aspect is here attributed, and in turn that there are some aspects here to which the crosses appended indicate that no Consonance answers.


[Margin: Kepler distinguishes the Aspects from the Consonances.]



[IV.] These and the like compelled Kepler to confess (in the same bk. 4, ch. 6) that the harmonic consonances and the Aspects have indeed something in common as to origin — from the divisions of the circle — but that Music and Meteorology [astrology] are born thence in a different manner; for diverse causes concur to constitute the Aspects, and Nature has a choice of those [aspects] that are furnished with more prerogatives. But let his words be noted, I pray: "What, then, is that which sets a limit to the number of the aspects? And why is no Semiquadrate, or Octile, no Decile or Tridecile, introduced except only after the principal ones? Why is the Sesquiquadrate, ennobled by musical kinship, either omitted or held ignoble — while the Semisextile, a stranger in Music, is not only inserted, but even displayed among the first?" He at once answers himself: "Because it is not Music that forms the Aspects, but Geometry [that forms] both kinds — yet the one by some laws, the other by others. For whatever is both Harmonic in Music and Efficacious in Meteors comes from a noble figure that has some singular privileges in Geometry. But Meteorology and Music are diverse, like two nations sprung from the same fatherland, Geometry."

And he adds that the harmonic proportions, arisen from the circle, nevertheless led out colonies that departed from the circle; but that the Aspects remained within the fatherland of the circle, and use no other laws than the circle's — taken from the plane figures inscribed in the circle, Regular and Congruent. The other things which (ch. 7) [he treats] — concerning a faculty of sublunary nature, and a certain Soul of the whole universe, and a Soul of the Earth that would perceive the force of the aspects and be stirred to act — are neither of this place, nor to be admitted by Catholics without correction. Yet here we must select, from bk. 6 of the Epitome of Copernican Astronomy, the aspects which Kepler finally accepted, and in that degree of dignity which he afterward recognized in them by the very observation of meteorological effects.


[Margin: the falsity of the aforesaid axiom.]



[V.] Therefore (Epitome bk. 6, p. 843) he teaches that in the first degree of aspects are placed: the Conjunction, as the principle of all; the Opposition, as occurring in all three divisions of the circle; the Quadrate, as occurring in two (the area of its figure being effable [expressible]); the Sextile, because its side is effable; the Semisextile, because its side is among the ineffable of a more perfect order, and because, twelve times repeated, it encompasses a stable plane; and the Trine, since its side is effable in power — for which, consult what was said in Scholium 1 of ch. 4. In the second order he says are the Quintile and Biquintile (because, though their sides are ineffable of a worse order, they share among themselves a divine proportion, and their figures excel in congruence into solid figures), and the Quincunx (because its figure is fruitful in the congruence of planes). But the Decile and Tridecile already fall short of congruence; and the most ignoble are the Octile and Sesquiquadrate, because they are formed from sides neither effable nor of divine proportion — and though these degrees are not altogether indubitable, let this stand as the final table of the Aspects, according to Kepler's mind:

The Order of the Aspects in Force and Dignity

(Ordo Aspectuum in Vi et Dignitate — per Kepler; aspect · intercepted Zodiac degrees · consonance of the arc with the whole circle)




	Order
	Aspect
	Zodiac arc (°)
	Consonance with the whole circle





	First
	Conjunction
	0 / 360
	Unison



	
	Opposition
	180
	Diapason



	
	Quadrate
	90
	Disdiapason



	
	Sextile
	60
	Disdiapason-Epidiapente



	
	Semisextile
	30
	none



	
	Trine
	120
	Diapason-Epidiapente



	Second
	Quintile
	72
	Disdiapason-with-Ditone



	
	Biquintile
	144
	Diapason-with-Ditone



	
	Quincunx
	150
	Diapason-with-Semiditone



	[Lesser]
	Decile
	36
	none



	
	Tridecile
	108
	Diapason-with-major-Hexachord



	Most ignoble
	Octile
	45
	none



	
	Sesquiquadrate
	135
	Diapason-Diatessaron





It deserves consideration, indeed, that the other consonances to which some aspects answer are either a principle or a species of the Diapason — which Kepler did not notice; and that, among the consonances pertaining to the Diapason, enumerated in the table of ch. 4, there is not one which has its own Aspect in the Zodiac, except the one composed of the Diapason and the minor Hexachord (as is between 16 and 5) — and that only approximately, since 360 is not divided into 16 whole parts (a 16th of it is 22½, and five such make 112½, a number near the 108 of the Tridecile, which pertains to the Diapason-with-major-Hexachord); no wonder, then, if their efficacies cannot be told apart.

Nor, however, do I think that this [agreement] with the Diapason was proposed to God as the mode of determining those aspects — since, even without it, and without any consonance whatever, three aspects are given: namely the Semisextile, the Decile, and the Octile. But just as, in the mixture of colors, tastes, odors, and temperaments — in innumerable plants and animals, in the climacterics, in the rhythms of the pulse, in the kinds of fevers, and in very many other things — there are certain degrees expressible by number (were their nature perfectly known); and yet, because those degrees can bear the proportions due to harmonic numbers, we are not therefore bound to be anxious about hunting out a Music in them beyond the looser bounds of Metaphor and Analogy — so neither in the Periods of the planets, nor in their Motions, nor in their Bulks, nor in their Intervals: as though God had wisely made nothing except what He had subjected to the laws of Harmony.



FINIS — The End of Book IX

(LIBRI NONI FINIS)


(So ends Liber IX of the Almagestum Novum — Riccioli's "De Mundi Systemate." This Section V, "On the Harmonic System of the World," closes the book. The catchword "LIBER" at the foot of the page points to Liber X (Book X), which begins a new book beyond this Section.)

[Translator's note on the final sentence: the Latin reads "Quasi nihil à Deo factum sit sapienter, nisi quod Harmoniae legibus non subiecerit" — literally awkward (with a "non"); the sense, fitting the whole argument, is the ironic reductio: it is absurd to suppose that whatever God did NOT make conform to musical harmony was therefore made unwisely. God's wisdom shines in the world's order and proportion — but that order need not be a literal, audible, or strictly musical harmony.]



OEBPS/nav.xhtml

Contents



		Title page


		Section I — On the Substance and Certain Accidents of the Heavens and of the Celestial Bodies
		Chapter I, On the Work of the First Day; or, On the Creation of Heaven and Earth, of Light, and of Time, drawn from sacred Genesis and according to the mind of the Fathers and the Theologians


		Chapter II, On the Work of the Second Day; or, What the Firmament made on that day was and is, and from what matter; and what, and of what kind, [are] the Waters above the heavens.


		Chapter III, How many, and which, Heavens were founded by God on the First and Second day of the World?


		Chapter IV, On the Work of the Fourth Day; that is, on the Luminaries and other Stars created, and placed in the heaven by God.


		Chapter V, Whether the Heaven is a Simple body, or Composed of Form and Matter different from the elemental [matter]—or of the same kind as the elemental [matter]? And if [composed] of this [latter], from which element?


		Chapter VI, Whether the Heaven is Generable and Corruptible


		Chapter VII, Whether the Heavens are Solid, or rather Fluid — all, or some


		Chapter VIII, Whether the Heavens and the Stars are Animate


		Chapter IX, Whether the Heaven is Infinite, and whether [it is] of a Spherical Figure







		Section II — On the Movers and Motions of the Heavens
		Chapter I, Whether the Heavens or Stars are Moved by Intelligences, or rather from within, by their own Form or Nature


		Chapter II, On the Instruments of the Celestial Motions: whether they are solid Orbs, or mere Circles describable in the fluid ether; and [whether] these [are] Eccentrics with Epicycles, or mere Concentrics


		Chapter III, Whether there is a Motion of the Prime Mobile distinct from the motion of the Fixed [stars] and the Planets, and in what subject [it is]; and whether the motion of the secondary Mobiles is contrary to it; and by what reasoning these two motions can be reconciled together


		Chapter IV, Whether the Proper Motion of the Stars is, of itself and by the primary Intention of nature (or rather of God and the moving Intelligence), Equal, or rather Unequal—yet ordered, and Regularly unequal, and sufficient for manifesting God and his Providence


		Chapter V, Whether the Moving Intelligences of the Heaven and Stars *per se* intend the description of some Geometrical Figure, or depend on it as on a Rule; or whether rather they accomplish the motions by the numbers of Logistic [calculation] alone; and whether the same [thing] must be attempted by men in the exposition of these motions


		Chapter VI, Whether the Proportions of the celestial motions are knowable by us in this life, and expressible [effable]; and whether [they are] all rational, or rather some irrational; where [we treat] of the Revolutions of them all into the same [point]


		Chapter VII, On the Sound and Concent, that is, on the Harmony, of the celestial motions







		Section III — On the System of the World around the Immobile Earth
		Chapter I, On the Number of the Total Heavens


		Chapter II, What and How Manifold the System of the World is; and on the most ancient Systems, and especially that of Pythagoras, Archimedes, and Pliny, which is wont to be called the Ptolemaic, and flourished down to Clavius


		Chapter III, On the System of Plato, of the Platonists, of Geber, and of Theon; on which occasion the System of Cicero is disputed


		Chapter IV, On the System of the Egyptians—or of Vitruvius, Martianus Capella, Macrobius, Bede, and Argoli


		Chapter V, On the System of Eudoxus, Calippus, and Aristotle


		Chapter VI, On the System of Averroes, Alpetragius, Delphinus, and Giovanni Battista Amici


		Chapter VII, On the System of Giovanni Battista Turriano [Della Torre] and Girolamo Fracastoro


		Chapter VIII, On the System of Tycho, Longomontanus, Blancanus, and of many Followers of Tycho


		Chapter IX, On Our [Own] System







		Section IV — On the System of the Earth in Motion
		Chapter I, On the Dignity and Necessity of this Treatise; and on the Authors who have undertaken to defend or to attack this System


		Chapter II, On the Authors who attributed to the Earth a Diurnal Whirling around its own center and axis


		Chapter III, On the Authors who, besides the Diurnal Whirling, ascribed also the Annual Translation to the Earth; where, in passing, [it is asked] concerning Vesta — whether she was Earth or Fire


		Chapter IV, There are distinctly explained the three or four Motions attributed to the Earth by Copernicus and his followers, and their properties and admirable conditions


		Chapter V, Ten Arguments for the Diurnal Revolution of the Earth are proposed and dissolved, drawn from the conditions of the Earth itself compared with the conditions of the Eighth or supreme Sphere


		Chapter VI, Seven Arguments are proposed and dissolved, [drawn] from the conditions of the Diurnal Motion itself, for the diurnal motion of the Earth rather than of the Heaven


		Chapter VII, The Three Remaining Arguments for the Diurnal Motion of the Earth are proposed and dissolved


		Chapter VIII, Ten Arguments are proposed and dissolved for placing the Earth outside the center of the World by the Annual motion, [drawn] from various Conditions of the Earth and of the Planets not involving [its] motion


		Chapter IX, Five Arguments are proposed and dissolved, for the Annual Motion of the Earth, taken from the Motions of the Planets and from the instruments of the motions


		Chapter X, Five Arguments are proposed and dissolved, for the Annual motion of the Earth, taken from the Motions, or Variations, of certain other heavenly things


		Chapter XI, Two Arguments are proposed and dissolved, for the Annual Motion of the Earth: one from the Change of the Meridian Line, the other from the Change of the Altitude of the Pole; concerning which many things worthy to be known are reported


		Chapter XII, An Argument is proposed and dissolved for the Annual Motion of the Earth, taken from the motion of the Sunspots; and on that occasion the Doctrine concerning these Spots, handed down by Galileo and Scheiner, is reduced into an Epitome, that this Argument and its solution may the more clearly be set forth


		Chapter XIII, Five Arguments are dissolved for the motion of the Earth, whether Annual or Diurnal, taken from the motion of many things toward the East


		Chapter XIV, For understanding and dissolving the Argument for the Earth's diurnal and annual motion, derived from the Sea's Tide, there are accurately treated both the history of the Marine Tide (and of the other motions of the Sea), and the famous Opinions on the Cause of the Sea's Tide


		Chapter XV, The System of Lord Giovanni Battista Baliani is set forth — devised (not asserted, but by mere hypothesis) for explaining the cause of the Marine Tide through the motion of the Earth better than Galileo achieved


		Chapter XVI, For the better understanding and solving of the Argument for the Diurnal and Annual motion of the Earth together, [drawn] from the Increment of the Velocity of Heavy bodies, Select Theorems and Problems concerning the Velocity of Heavy and Light bodies and the Increment of [their] Velocity—drawn from our experiments both in Air and in Water—are Proposed


		Chapter XVII, Whether and How, by the Diurnal together with the Annual motion of the Earth, the reason for the Increment of velocity of Heavy and Light bodies is rendered uniquely, or better—and whether such motion is thereby vehemently confirmed. On which occasion there is a discussion of the Figure which, in the hypothesis of a moving Earth, Heavy and Light bodies describe by their natural motion; and the Argument of Galileo for the motion of the Earth, taken thence, is at last dissolved.


		Chapter XVIII, Whether and How, in the Hypothesis of a Quiescent Earth, an a-priori reason may be rendered for the continual Increment of velocity of Heavy and Light bodies naturally descending or ascending.


		Chapter XIX, Five Arguments are proposed, from the Increment of velocity of Heavy and Light bodies, against the Diurnal motion of the Earth—or the Diurnal together with the Annual.


		Chapter XX, Six Arguments are proposed, from the Rectilinear and Perpendicular motion of Heavy and Light bodies, against the Diurnal and Annual motion of the Earth together. Most of which are Physically evident.


		Chapter XXI, Fourteen Arguments are proposed, from the Motion of elementary bodies toward the four cardinal points of the World (or the regions of the Four Principal Winds), against the Diurnal Motion of the Earth. Which militate much more against the Annual [motion] joined to the Diurnal. Of which Five are Physically insoluble.


		Chapter XXII, Five Arguments are proposed, but weak, from the excessive Impetus and Velocity of the Earth and of its Kindred Bodies, if they were moved by a motion whether Diurnal only, or also Annual; and the Measure of each motion is, on this occasion, delivered by a different method than was done at chapter 19, number 13—that perhaps by this [method] satisfaction may be given to some.


		Chapter XXIII, Four Arguments are proposed and dissolved, taken from the Rising and Setting of the Stars — whether seen in the open or from a well — and from the Solstitial Shadows of the Sun, or the Eclipse at the death of CHRIST.


		Chapter XXIV, Four Arguments are proposed and dissolved, against the Diurnal and Annual motion of the Earth, taken from the Principle and the simplicity of this motion.


		Chapter XXV, Eleven Arguments are proposed and dissolved against the Annual motion of the Earth *alone*; and first those which Aristotle and his followers in this [matter] took from the place due to the Earth in the World — its nature being considered, and the place and motion due to Heavy and Light bodies. And select Texts of Aristotle bearing on this are collected, with little explanations where there is need.


		Chapter XXVI, Five Arguments are proposed and dissolved against the Annual motion of the Earth, and against its situation outside the center of the Universe, from the downward Situation and the Perversion of the mundane system.


		Chapter XXVII, Nine Arguments are proposed and dissolved, taken from the Celestial Phenomena — and chiefly from Eclipses, and from the Evidence of the Sun's motion — against the Annual motion of the Earth.


		Chapter XXVIII, Three Arguments are proposed and dissolved against the Annual motion of the Earth, taken from the Parallax of the Annual Orb.


		Chapter XXIX, Three Arguments are proposed against the Annual motion of the Earth, taken from the excessive Distance of the Fixed stars, and the magnitude of the Eighth Sphere. Where the opinions concerning their Distance, from the various hypotheses of the Copernicans, are reviewed together with their foundations.


		Chapter XXX, An Argument is proposed from the Huge Bulk of the Fixed stars, Against the Annual motion of the Earth. On which occasion it is disputed: Whether this [bulk] is more incredible in the Fixed [stars] [being] unmoved, than the Swiftness belonging to their diurnal motion on the hypothesis of a resting Earth?


		Chapter XXXI, Six Arguments are proposed Against the Annual motion of the Earth, from the Refraction of the Fixed stars.


		Chapter XXXII, An Argument is proposed against the Copernican Hypothesis, from the excessive license of feigning [inventing] diverse systems.


		Chapter XXXIII, The Arguments and the Solutions of the Arguments, hitherto made concerning the Diurnal and Annual Motion of the Earth, are reduced into an Epitome.


		Chapter XXXIV, The Arguments, with the Solutions of very many [of them], hitherto made For the Immobility of the Earth, are reduced into an Epitome. And First, Thirty-eight Arguments Against the Diurnal motion together with the Annual, from Chapter 19 to 24 inclusive.


		Chapter XXXV, In which, from mere Reasons, and with all Authority set aside [circumscribed], it is concluded which of the Hypotheses is to be absolutely asserted — the one which supposes the Motion, or the one which supposes the Immobility, of the Earth.


		Chapter XXXVI, The Authorities of Sacred Scripture for the Motion of the Sun and the Immobility of the Earth are adduced.


		Chapter XXXVII, In what way the Fathers and the Sacred Interpreters understood the aforesaid passages of Sacred Scripture.


		Chapter XXXVIII, The Responses of the Copernicans to the Sacred Authorities concerning the Motion of the Sun and the Rest of the Earth are brought forward and refuted — as not only little solid, but even dangerous.


		Chapter XXXIX, Question 4. Whether the Assertions of Sacred Scripture concerning the Sun's Motion and the Stability of the Earth are to be taken according to the literal sense, or Figuratively, or [according] to the sense of the common people — that is, as to appearance. Where the Ecclesiastical Rules concerning the use of the literal sense are handed down.


		Chapter XL, What Censure the Asserters of the Motion of the Earth and the Immobility of the Sun deserve, and have borne [received], from Learned men — but especially from the Sacred Congregation of Cardinals deputed by the Supreme Pontiff for the Office of the Inquisition.







		Section V — On the Harmonic System of the World
		Chapter I, On the Necessity of this Section, and on the Authors who have treated of Harmonic Proportions


		Chapter II, On the Concord of the Heavens in General


		Chapter III, On Proportions, and especially on Harmonic ones


		Chapter IV, On the Discoverers, the Discovery, the Number, and the Nomenclature of Consonant and Dissonant intervals; and on the simple division of the Monochord


		Chapter V, On Music, and the various Divisions and Genera of Melodies and Songs


		Chapter VI, On the Strings, Voices, and Musical Notes, and their nomenclature, and their distribution in the Harmonic System or Musical Scale


		Chapter VII, Whether, and in what order, the voices of the Muses and the sounds of the Strings ought to be accommodated to the Celestial Spheres


		Chapter VIII, And by what reckoning the intervals of the Harmonic System ought to be fitted to the distances of the Stars


		Chapter IX, Whether the Magnitude and Density of the Celestial Bodies has been determined by Harmonic Proportions


		Chapter X, Whether and by what reckoning the Motions of the Planets have been determined by God from Harmonic Proportions


		Chapter XI, Whether, and what, force and determination the Aspects of the Stars have from Harmonic Configurations













OEBPS/cover.png
MIND OF THE CHURCH

Almagestum Novum, Book
IX: On the System of the
World

Giovanni Battista Riccioli, S.J.
1598 1671

Translated from the Latin of the Almagestum
Novum, Bologna, 1651

mindofthechurch.com






