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ient tradition was lost and then rediscovered, for the first changes
European attitudes toward the tradition arose from the necessity
ecovering it.

The West’s loss of ancient science occurred in two stages, the
a slow decline in the quality and quantity of scientific activity,
second a genuine disappearance of traditional learning. After the
nd century B.c., Mediterranean civilization was increasingly domi-
ted by Rome, and it declined with the decline of Roman wmmmEoE\.
w.m the first few centuries of the Christian era, Ptolemy, the astrono-
, and Galen, the physician, were the last great figures in ancient
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European Science and Learning to the Thirteenth Century ajor scientific works of the West were commentaries and en-

Aristotle was the last great cosmologist of antiquity, ‘an mﬁ%mm. gmm the EOMHEM M.b<“@mm~5m~ Mediterranean %mmmb
Ptolemy, who lived almost five centuries after Aristotle, was its Ia g the mmﬁﬁw owbE.H.S ey ound only the mogsgwmn._ and the
great astronomer. Until after the death of Copernicus in 1543,:th &cou of ancient learning. The activity had largely ceased.
writings of these two men dominated the astronomical and OOmBo_.o.. ne Islamic invasions shifted the m@”omwmwwho center of mﬁowmmw
cal thought of the West. Copernicus seems their immediate heir, £ .ﬁ.m.u.moE Joﬁ#%m& from the Zm.&ﬁoﬂmwmmu and thus enforce
in the thirteen centuries that separate Ptolemy’s death from Copernicu e continued decline of Western learning. During the seventh century

birth no large and enduring modification had been imposed =m.M5 th peans were deprived even of the documents in which the ancient
icus began where Ptolemy had stoppe . .
MMMWHMWMMMQOMHMWH@H émmmo science m:ﬁ.umw.&m intervening ‘ce iplete Latin qmsamn.ou prepared by wom.ﬁEE early in the mﬁw
turies. In fact, there was much intense though spasmedic scien ‘that version stated only the SAHH.@ Hﬁwonmwﬁ gmonHMm>mH.H
activity, and it played an essential role in preparing the ground m&. 10 proofs. HuMoHonHQ Mmm m@%mwgﬁ %Mog %HEH. quP mnw Mm-
the inception and success of the Copernican Revolution. was Ewummmbﬂ only by a tew Works on ..u_muo. mowdhmm 1c
If there is a paradox here, it is only apparent. Thirteen centiri ctions U%.Ems ES Boethius and Isidore of Seville preserve wmm-
of spasmodic research did not materially modify the substantive b .. .m E.Emnﬁ science, but even these m.umm.smﬂwm Mcmum MOM mo MME
liefs of the researchers. Copernicus’ teachers still believed that: th E...m.ﬁm_ Hwﬁm__moﬂ:mu% mov.mw”m@u and heavily interlarded ,.SH mH mm
structure of the universe was about as described by >E.m3&m.... .S.mm Emm learned activity OH. any moﬁ.. The moo%om,:o evel o
Ptolemy, and their beliefs place them in an ancient tradition. But th g.ogmﬁmbmog barely provided mﬁvma.wmwom. Science was wm”-
attitude toward those beliefs was not ancient. Conceptual schemes i neglected ﬂummm..:.mm- as we &5:.@@@ in the next section, the
with the succession of the generations that behold them. At the b li ‘Church was H.Eﬂm:u\ hostile to it. . . .
ning of the sixteenth century men still believed in the ancient des uring the oobﬁcﬁm% when mﬁ.owmmu.u learning reached #.u nadir,
tion of the universe, but they evaluated it differently. Their conce ‘as a great renaissance of science in Hmw.mE. After the middle of
were the same, but they saw new strengths and weaknesses in t .m..wﬁr.omugn% 9@. Moslem éoln.m Hmw:wmq _.Mx@mb%m mH.A.VB an
concepts. Just as we have explored the sources and the strengt H.ﬁ%mmﬁ to a fmmnmﬂmbmmn ma.a.wﬁﬁ and t .m new empire in-
the ancient astronomical tradition, so we must discover what : 1¢ manuscripts mum. the M..Hmm&om Emﬁ Ornmﬁmbmoa. had Ho.mr
pened to it as it aged. We shall have to begin by finding out how 11 mnovoumum first reconstituted ancient science by translating Syriac
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The rediscovery of ancient astronomy was a part of the larger
amnation of the science and philosophy of the ancient world. The
stronomical tables to be widely exploited by Europeans were
ited from Toledo in the eleventh century. Ptolemy’s Almagest
ost of Aristotle’s astronomical and physical writings were latin-
during the twelfth, and in the following century they were
ily, though selectively, integrated into the curriculum of the
diéval university. Copernicus studied them there at the end of the
enth century, and his return to these classics of ancient science
kes him the heir of Aristotle and Ptolemy. But they would scarcely

versions of original Greek texts into Arabic; then they added contrib
tions all their own. In mathematics, chemistry, and optics they ma
original and fundamental advances. To astronomy they contribute
both new observations and new techniques for the computation o
planetary position. Yet the Moslems were seldom radical innovator
in scientific theory. Their astronomy, in particular, developed almos
exclusively within the technical and the cosmological tradition estab
lished in classical antiquity. Therefore, from our present restricted
viewpoint, Islami¢ civilization is important primarily because it pre
served and proliferated the records of ancient Greek science for late
European scholars. Christendom recovered ancient learning first fror ve recognized as their own work the inheritance .&._mﬂ Copernicus
the Arabs and usually in Arabic translation. The title Almagest b ived. Old problems, though still unsolved, had disappeared; new
which we know Ptolemy’s major work is not its Greek name at all, bu nes, though sometimes merely pseude problems, had taken their
a contraction of the Arabic title which it received from a ninth: ace. In addition, the purposes and methods of the revived learned
century Moslem translator. dition differed significantly from the ones that had guided ancient
. Europeans rediscovered ancient learning in Islam during the perio )|ATS.

of general European recovery which makes the tenor of the late Some of the new problems were purely textual in origin. Ancient
Middle Ages so different from that of the Dark Ages. Beginning slowl exts were recovered piecemeal, in an order governed more ‘UN chance
in the tenth century and culminating in what is now known as th m.u”vu, logic. Arabic manuscripts were seldom completely faithful to
Twelfth Century Renaissance, there was a gradual increase in the gﬁ..@.mmw or Syriac sources; the medieval Latin into which they were
tempo of all aspects of European life. For the first time Christendo etranslated did not at first possess a vocabulary adequate to w.wﬁ.a
achieved relative political security; with it came a great increase echnical and abstract subject matter; even good translations inevitably
population and trade, including trade with the Moslem world. I teriorated during successive transcriptions by men who did not fully
tellectual contacts with Islam multiplied as commerce grew. New-foun Jerstand them. Discovering HS.E Aristotle or Ptolemy had answered
wealth and security provided leisure to explore the newly opened rticular question was often difficult and sometimes impossible. Yet
horizons of learning. The first Latin translations from the Arabic wer &.9@; scholars repeatedly mbmmmw&. on reconstructing ancient thought
made in the tenth century and multiplied rapidly in those that fol- fore ﬁwmﬁcnsm.m judgment of their own. The g.:H.mwoo.u scope, and
lowed. Late in the eleventh century students from all over Europe bega aerence of their unexpected legacy Qmwmﬂwm en emerging m_.o.B. the
to assemble informally but in steadily increasing numbers to hear some. Umﬂ_.h Ages; they naturally m..w: that nr.mn. first task was .8 assimilate
master read and comment upon a new translation of an ancient tex heir heritage. Problems of interpretation and reunification therefore
In the twelfth and thirteenth centuries these initially informal gathe E.wwm large in moronmﬁ.o thought. o .
ings became so large that they required the regulations and charte ‘The task of the medieval m&.go_ma. was further m.Em artificially compli-
that transformed them officially to universities, a new sort of learned mﬂ.& _u.u\ a foreshortened historical perspective. He expected to
institution indigenous to Europe. Starting as centers for the oral prop . S_u__wv 2 broad .mbm coherent muaﬂmﬂ. of Wboé_mﬁwmo .Eommwmm on
gation of ancient learning, these universities rapidly became the hom Aristotle’s, and he did not m.ramva recognize that the antiquity .b.BB
of an original and creative tradition of European scholarship, th vnom the system was to n.wmﬁad had w.mm a number of %mmwm.ﬂ opinions
critical and combative philosophical tradition known as scholasticism bout a great many questions of detail. Though the scholastics found it
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mmamﬂ.mmo tradition which, in astronomy, flourished only two
ries and more after Aristotle’s death.

The . Hellenistic astronomers who measured the universe, cata-
ed-the stars, and grappled with the problem of the planets were
tly. not indifferent to the cosmology developed by their Hellenic
.mo.mmmo_.m. But neither were they much concerned with cosmological
nutize. .They ridiculed the authors of cosmologies that differed
y from the established norm, and they occasionally wrote short
logical treatises of their own. Ptolemy himself composed a

hard to recognize (often pleading errors of transmission or translatio
Aristotle himself had not always been consistent. Nor had his
temporaries accepted all his views. Occasional equivocations and ¢o
tradictions had characterized the ancient tradition from the start. Th
range had been immensely broadened by the Hellenistic and Isla
commentators, whose works, written during the fifteen centuries e
arating Aristotle from his European disciples, were recovered with,

sometimes before, those of the master. To us these inconsistencies i :

tradition seem natural products of its evolution and transmission, ] 7
to the medieval scholar they often appeared as internal contradictio oughly cosmological work, the Hypotheses of the Planets, which

in a single body of knowledge, the hypothetical unit “ancient wisdom es.a rather unsatisfactory physical mechanism for epicyclic
In part because of this confusion, the comparison and reconciliation ons.. But when designing mathematical systems to predict
conflicting authorities became a distinctive characteristic of morowmn anetary position Hellenistic astronomers seldom worried about the
thought. As we shall see more concretely later in this chapter, the ility of constructing mechanical counterparts for their geometric
vived tradition of leaming was less empirical, more verbal, logical, wﬁ.aonm. To them the physical reality of the spherical shells and the
rational, than its ancient counterpart had been. s mﬁﬂ..mEm which kept the planets moving within them had become
One of the inconsistencies embedded in the tradition played wmmooummd\ problems. In short, Hellenistic scientists acquiesced
particularly significant role in the development of astronomy: the & ut apparent discomfort in a partial bifurcation of astronomy and
parent conflict between the spheres of Aristotelian cosmology and ology; a satisfactory mathematical technique for predicting plan-
epicycles and deferents of Ptolemaic astronomy. Though we have ni position did not have to conform entirely to the psychological
previously noted it, these were really characteristic products of twi uirement of cosmological reasonableness.
distinet ancient civilizations, the Hellenic and the Hellenistic. Helle the sixteenth century this bifurcation offered an important prece-
civilization centered on the Greek mainland during the period wh 0. Copernicus. Because he too saw astronomy as essentiall
Greece dominated the Mediterranean basin, The science to whic athemiatical, the physical incongruity of a moving epicycle in M
gave rise was predominantly qualitative in method and cosmolog e:of spheres could provide a dim anticipation of the physical
in orientation. Aristotle was its greatest representative and also its 1 ngruity of a moving earth. But this was not the bifurcation’s frst
Just before his death the evolution of Hellenic science came to a pre : ...?pﬁ.os. Four centuries earlier, at the time when Aristotle and
ture halt at the time when Alexander the Great conquered Greece my were first recovered by Europeans, it had also helped pave
joined it to a great empire embracing all of Asia Minor, Egypt, o.m@ to revolution, though in a very different way. Because their
Persia to the Indus river. The Hellenistic civilization that emerge ance of the preceding centuries had telescoped their sense of
after Alexander’s conquests centered in commercial and cosmopolita 5the scholastics viewed Aristotle and Ptolemy very nearly as
metropolises like Alexandria. There scholars of many nations and rac emporaries. They appeared as exponents of a single tradition
merged elements of their diverse cultures to produce a science that'w . .muﬂHmmHEum,u and the differences between their systems wmomam
less philosophical, more mathematical and numerical, than its Helle w ‘inconsistencies in a single body of doctrine. Changes that
predecessor had been. Astronomy perfectly illustrates the contr, had seen as the natural evolution of knowledge over the five
The cosmological framework of ancient astronomy is largely a prod ies separating him from Aristotle, often seemed contradictions to
of the Hellenic tradition which culminated in the works of Aristo

holastics, and contradictions raised novel problems of reconcilia-
The mathematical astronomy of Hipparchus and Ptolerry belong

ince the passage of time proved reconciliation to'be both difficult
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and inconclusive, these apparent contradictions, like other conflicts in
medieval thought, finally helped to cast doubt upon the entire tr
dition.

As revived in the Middle Ages, the ancient tradition of learn
had acquired a new look, and the preceding pages indicate that mw.
of the important novelties derived from the mere necessity of reviv
But there were also more substantive changes in the revived traditio
changes produced by indigenous characteristics of the Middle Age
and the Renaissance. For example, though science played a large p
in. the thought of the later Middle Ages, the dominant Eﬁm:mnw.:.m
forces were theological, and the practice of science in a theologica
milieu shifted both the strengths and the weaknesses of the scientifl
tradition. Besides, medieval science was not itself static. Aristotlée
scholastic critics developed important alternatives for some of his doe
trines, and a few of these alternatives played a major role in prepari
the way for Copernicus. By the sixteenth century still other forces
intellectual, economic, and social — were at work, and among mym..
are some with a direct bearing upon the problems of astronomy and.
the earth’s motion. These changes demand an independent treatment
to which we now turn.

ingle generalization will describe the Church’s overwhelming in-
fuerice upon science, for the influence changed with the changing
situation of the Church.
In the early centuries of the Christian era the Church fathers were
usaders and proselytizers for a new faith, fighting for its very exist-
nce. Their calling -itself demanded that they deprecate the pagan
arning of their predecessors and maximize the attention given to the
problems of Christian theology by the rapidly contracting learned
orld. In addition, they deeply believed that Scripture and Catholic
exegesis contained the sum of knowledge necessary for salvation. To
E@E science was secular learning, Except when essential for daily
ife it was useless at best, dangerously distracting at worst. Therefore,
‘his Enchiridion or handbook for Christians, St. Augustine, the most
fluential of the early Church fathers, counseled the faithful as

When, then, the queston is asked what we are to believe in regard to
eligion, it is not necessary fo probe into the nature of things, as was done
those whom the Greeks call physici; nor need we be in alarm lest the
stian should be ignorant of the force and number of the elements, — the
on, and order, and eclipses of the heavenly bodies; the form of the

avens; the species and the natures of animals, plants, stones, fountains,
Astronomy and the Church : ivers, mountains; about chronology and distances; the signs of coming

Throughout the Middle Ages and much of the Renaissanc storms; and a thousand other things which those philosophers either have

P und out, or think they have found out. . .. It is enough for the
the Catholic Church was the dominant intellectual authority of - istian to believe that the only cause of all created thines, whether
Europe. Medieval European scholars were members of the clergy; t venly or earthly, whether visible or invisible, is the goodness of the
universities in which ancient learning was assembled and studied w eator, nw.m one true God; mﬁm that nothing exists but Himself that does
Church schools. From the fourth century to the seventeenth th 0t Gerive its existence from Him.!

Church’s attitude toward science and about the structure of the un

verse was a determining factor in the progress or stagnation of astr
omy. But the Church’s attitude and its practice were not E:mn
during these centuries. After the Dark Ages the Church began
support a learned tradition as abstract, subtle, and rigorous as an
the world has known. But before the tenth century and again after t
sixteenth the Church’s influence was, on balance, antiscientific.
Copernican theory evolved within a learned tradition sponsored a
supported by the Church; Copernicus himself was the nephew o
bishop and a canon of the cathedral at Frauenburg; yet in 1616 th
Church banned all books advocating the reality of the earth’s moti

This attitude was not incompatible with an admiring knowledge of
neient learning, at least not before the Moslem invasions, Augustine
mself had read Greek science attentively, and his writings testify to

admiration of its accuracy and scope. But his attitude was incom-
atible with the active pursuit of scientific problems, and it readily
itself to further negative elaboration. In the writings of Augustine’s
iberal contemporaries and successors, his spiritual depreciation of
pagan science was usually coupled with an outright rejection of its con-
nt. - Astronomy, because of its ties to astrology, was particularly
orned, for the explicit determinism of astrology made it seem incom-
patible with Christian doctrive.
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an wisdom had changed. The main areas of continental Europe had
een ‘converted; the Church’s intellectual and spiritual authority was
omplete; the hierarchy of ecclesiastical administration was fixed.
agan and secular learning were no longer a threat, provided that
i&¢ Church could maintain intellectual leadership by absorbing them,
E.oeru therefore devoted some of the leisure provided by new-
und prosperity to a vigorous pursuit of the rediscovered learning.
roadening the range of knowledge acceptable for Christian
olarship, they preserved for five more centuries the Catholic
monopoly of learning. In the twelfth century “the nature of things,”
E&ﬂEwm the heavens and the earth, again became a suitable topic for
tensive study. By the thirteenth, if not earlier, the main outlines of
e go-mwwmﬁm universe were once more taken for granted in the dis-
s5i0ns of educated Christians. During the last centuries of the
E&.&m Ages the setting of Christian life, both terrestrial and celestial
was a fully Aristotelian universe. v
We have been calling the process by which Christians discovered
at they lived in an Aristotelian universe a recovery of ancient learn-
ing, vsﬂ “recovery” is clearly an inadequate word. What occurred was
 more nearly a revolution in both Christian thought and the ancient
éntific tradition. From the fourth century on, Aristotle, Ptolemy, and
ther Greek writers had been attacked by Churchmen because of the
onflict between their cosmological opinions and Secripture. Those con-
ts still existed in the twelfth and thirteenth centuries, and they were
ccognized. In 1210 a provincial council at Paris prohibited the teach-
of Aristotelian physics and metaphysics. In 1215 the Fourth
ateran Council issued a similar, though more restricted, anti-Aris-
otelian edict. Other interdictions issued from the papacy throughout
¢ century. They were unsuccessful, winning lip service alone, but
hey. are not insignificant. The edicts testify to the impossibility of
ply adding ancient secular learning to the existing body of medieval
ieology. Both ancient texts and Scripture required modification in the
cation of a new fabric of coherent Christian doctrine. When the
ew fabric was completed, theology had become an important bulwark
or the ancient concept of a central stationary earth,
The physical and cosmological structure of the new Christian uni-
erse. was predominantly Aristotelian. St. Thomas Aquinas (1225-
274), the scholastic who contributed most to the final pattern of the

At the beginning of the fourth century, for example, Lactantit
tutor to the son of the Emperor Constantine, devoted the third bo
of his Divine Institutions to “the false wisdom of the philosophers” m.n
allowed himself one chapter to ridicule the concept of the spheric
earth. For him it was sufficient to point to the absurdity of a region
which men hung head down and to the impossibility of the heaven
being below the earth. Later in the century the Bishop of Gaba
achieved the same effect with Biblical evidence. The heavens are n
a sphere, but a tent or tabernacle, for “itis He . . . that stretcheth ou
the heavens as a curtain, and spreadeth them out as a tent to dwell 1
{Isaiah 40:22). There are “waters . . . above the firmament” (Gene
1:7). The earth is flat, for “the sun was risen upon the earth when L 1
entered into Zoar” (Genesis 19:23). By the middle of the sixth centu
Kosmas, an Alexandrian monk, could replace the pagan system with
a detailed Christian cosmology derived primarily from the Bible. Hi
universe is shaped like the tabernacle that the Lord instructed Moses:
build in the wilderness. It has a flat bottom, perpendicular sides, and
semicylindrical roof, like an old-fashioned traveling trunk. The eart
the footstool of the Lord, is a rectangular plane, twice as long as it
broad, and resting on the flat bottom of the universe. The sun doesn
travel below the earth at night, but is hidder behind its northernmos
portions, which are higher than the regions to the south.
The cosmologies of men like Lactantius and Kosmas never becam
official Church doctrine. Nor did they entirely supplant the ancien
universe of spheres which survived in fragmentary descriptions withis
the more erudite medieval encyclopedias. There was no Christian
unanimity about cosmology during the first half of the Middle Ages
Science and cosmology were not significant enough to demand it. Bu
though these cosmologies, compounded from the naivest sense per
ceptions plus a smattering of Scripture, were never official, they:
representative. They illustrate the decadence of secular learning tha
characterized the Dark Ages, and they therefore prepare us for th
surprise and awe with which later Christian scholars greeted the r
discovery of ancient knowledge during the eleventh and twelft
centuries.
By the time that Christian Europe reéstablished commercial an
cultural ties with the Eastern Church in Byzantium and with th
Moslems of Spain, Syria, and Africa, the Church’s attitude towar
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fabric, describes the perfection and appropriateness of the omHm...m
motions in words that, except for their clarity, might have been wri
by Aristotle himself:

By reading “water” as “air” or “transparent substance” the integrity
cripture is preserved. But in the process the Bible becomes, in some
sense, 2 propaganda instrument, composed for an ignorant audience,
e device is typical, the scholastics employed it again and again,
The painstaking thoroughness with which Aquinas and his con-
poraries attacked the task of reconciliation is illustrated by the diffi-
es they discovered in the Biblical account of the Ascension, Ac-
rding to Scripture Christ “ascended up far beyond all heavens, that
HE.@E £ill all things” (Ephesians 4:10). Aquinas succeeded in fitting
bit of Christian history into a universe of spheres, but to do so he
ad to resolve many varied problems, among which were the follow-

It is therefore clear that the material of the heavens is, by its intr
nature, not susceptible to generation and corruption, since it is the prim
sort of alterable body and closest in its nature to those bodies which
intrinsically changeless. [The only truly changeless body in the Christi
Gniverse is God, from whom all change on earth and in the heavens deriv
That is why the heavens experience only the absolute minimum of alt
tion. Motion is the only sort of change they experience, and this sor
alteration [unlike change of size, weight, color, and so on] does not mo
their intrinsic nature in the least. Furthermore, among the sorts of mo
which they might experience, theirs is eircular, and circular motion is
one which produces the very minimum of alteration because the sphere

whole does not change place.? t seems that it was not fitting for Christ to ascend into heaven. For the

osopher [Aristotle] says (On the Heavens, Book I1) that things which
na state of perfection possess their good without movement. But Christ
in a state of perfection. . . . Consequently, He has His good without
ﬂ.oﬁsmwﬂ. But ascension is movement. Therefore it was not fitting for Christ
ascend. . . .

Further, there is no place above the heavens, as is proved in On the
avens, 1. But every body must occupy 2 place. Therefore Christ’s body
id riot ascend above all the heavens. . . .

Further, two bodies cannot oceupy the same place. Since, then, there is
passing from place to place except through the middle space, it seems
t Christ could not have ascended above all the heavens unless [the
stal spheres of] heaven were divided; which is impossible,*

Aristotle could not always be embraced quite so literally. M
scholastics felt forced, for example, to abandon his proof of the abs
lute impossibility of a void, because it seemed arbitrarily to limit Go
infinite power. No Christian could accept Aristotle’s view that
universe had always existed. The first words of the Bible are, “In thy
beginning God created the heaven and the earth,” Besides, the Crea
tion was an essential ingredient in the Catholic explanation of th
existence of evil. On a matter of this significance Aristotle had to gi
way; the universe had been created at a determinate first instant’
time. But more often the Bible gave way, usually to metaphoric
interpretation. For example, in discussing the scriptural text, “L
there be a firmament made amidst the waters; and let it divide th
waters from the waters” (Genesis 1:6), Aquinas first outlined a cosm
logical theory that would preserve the literal sense of the passage an
then said:

i

quinas’ answers need not concern us. It is the objections them-
élves that are astounding, particularly since the Ascension is only one
the aspects of Christian history to present problems and since
quinas is only the greatest of the many Churchmen concerned with
em, Aquinas’ Summa Theologica, from which most of the preceding
lotations were taken, is a compendium of Christian knowledge, often
rinted in twelve fat volumes. In all of them Aristotle’s name (or his
re revealing designation as “The Philosopher”) occurs again and
ain. Only through a multiplicity of works like these could ancient
arning, particularly Aristotelian learning, have again become a
undation for Western thought. .
Aquinas and his thirteenth-century contemporaries certified the
compatibility of Christian belief with much of ancient learning. By
wwEm Aristotle orthodox they licensed his cosmology to become a

As, however, this theory can be shown to be false by solid reasons,
cannot be held to be the sense of Holy Scripture. It should rather be con
sidered that Moses was speaking to ignorant people, and that out of con
descension to their weakness he put before them only such things as
apparent to sense. Now even the most uneducated can perceive by th
senses that earth and water are corporeal, whereas it is not evident to all thal
air also is corporeal. . . . Moses, then, while he expressly mentions wate
and earth, makes no express mention of air by name, to avoid setting bef
ignorant persons something beyond their knowledge.?
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creative element in Christian thought. But the very detail and erudi
tion of their works obscured the over-all structure of the new Christia
universe that was emerging late in the Middle Ages. If we are &
understand the pregnant meaning which gave that universe, includi .
the central, stable earth, its hold upon the medieval and Renaissanc
mind, we require a more oogwnwmmsw{w view. That larger view ¢
scarcely be discovered in the thirteenth century at all. It evolved onl
after Aristotle had been licensed, appearing perhaps first and certainly
most forcefully in the works of the Italian poet Dante, particularly i
his great epic, the Divine Comedy. o .
. Taken literally, Dante’s epic is a description of the poet’s journe
through the universe as conceived by the fourteenth-century Christia
The journey begins on the surface of the spherical earth; descends
gradually into the earth via the nine circles of Hell which mvﬁE:.ws.
cally mirror the nine celestial spheres above; ° and arrives at the vile
and most corrupt of all regions, the center of the universe, the a
propriate locus of the Devil and his legions. Dante then returns to th
surface of the earth at a point diametrically opposite the one where
he had entered, and there he finds the mount of purgatory with its
base on the earth and its top extending into the aerial regions abov
Passing through purgatory, the poet travels through the terrestrial
spheres of air and fire to the celestial region above. At the last .r.m
jowrneys through each of the celestial spheres in turn, conversing with
the spirits that inhabit them, until finally he contemplates God’s Thror
in the last, the Empyrean, sphere. The setting of the Divine 003&@
is a literal Aristotelian universe adapted to the epicycles of Hipparchu
and the God of the Holy Church.
For the Christian, however, the new universe had symbolic as well

as literal meaning, and it was this Christian symbolism that Dante
wished most of all to display. Through allegory his Divine Comedy
made it appear that the medieval universe could have had no other
structure than the Aristotelian-Ptolemaic. As he portrays it, the u
verse of spheres mirrors both man’s hope and his fate. Both physically

ad -spiritually man occupies a crucial intermediate position in this
iiverse filled, as it is, by a hierarchical chain of substances that
stretches from the inert clay of the center to the pure spirit of the
pyrean. Man is compounded of a material body and a spiritual soul:
all other substances are either matter or spirit. Man's location, too, is
intermediate: the earth’s surface is close to its debased and corporeal
nter but within sight of the celestial periphery which surrounds it
mmetrically. Man lives in squalor and uncertainty, and he is very
close to Hell. But his central location is strategic, for he is everywhere
under the eye of God. Both man’s double nature and his intermediate
osition enforce the choice from which the drama of Christianity is
mpounded. He may follow his corporeal, earthy nature down to its
tural place at the corrupt center, or he may follow his soul upward
ugh the successively more spiritual spheres until he reaches God.
one critic of Dante has put it, in the Divine Comedy the “vastest
all themes, the theme of human sin and salvation, is adjusted to the
¢at plan of the universe.” ® Once this adjustment had been achieved,
ny change in the plan of the universe would inevitably affect the
ama of Christian life and Christian death. To move the earth was to
reak the continuous chain of created being.
No aspect of medieval thought is more difficult to recapture than
'symbolism that mirrored the nature and fate of man, the micro-
m, in the structure of the universe, which was the macrocosm. Per-
aps we can no longer grasp the full religious significance with which
symbolism clothed the Aristotelian spheres. But we can at least
void dismissing it as mere metaphor or supposing that it had no active
ole in the Christian’s nonastronomical thought. One of Dante’s prose
works, written in part as a technical handbook to aid his contempor-
ies in interpreting his verse, concludes a literal physical description
the spheres and epicycles employed in medieval astronomy with the
F.u.ism words:

However, beyond all these [crystalline spheres], the Catholics place the
mpyrean Heaven . . . ; and they hold it to be immovable, because it has
hin itself, in every part, that which its matter demands. And this is the
son that the Primum Mobile [or ninth sphere] moves with immense
ocity; because the fervent longing of all its parts to be united with those
this most quiet heaven, makes it revolve with so much desire that its
city is almost incomprehensible. And this quiet and peaceful heaven is
bode of that Supreme Deity who alone doth perfectly behold himself.6

* The ninth sphere, which appears throughout medieval astronomy, was mmm.
to the eight spheres of ancient cosmology by Moslem astronomers in order 't
account for the precession of the equinoxes, and the motion of the pole of th
heavens (ses the Technical Appendix, Section 2}, In the Moslem system it is the
ninth sphere that rotates every 24 hours, as the sphere of the stars had done in
older system.
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In this passage the astronomer charts the position (and elsewhere
the dimensions) of God’s abode. He has become theologian, and in the
fourteenth and fifteenth centuries the astronomer’s theological func-
tions did not always end with the measurement of heaven. Dante and
some of his contemporaries also turned to astronomy to discover the
kinds and occasionally even the numbers of the angelic inhabitants of
God’s spiritual realm.

Dante himself outlines one typical medieval theory of the relation
between the spiritual hierarchy and the spheres in a passage from The
Banguet immediately following the description of the spheres referred

to above:

Aristotle’s Scholastic Critics

. The effects of medieval scholarship were not all so conserva-
2 as the integration that made theology a bulwark for the universe
of spheres. Aristotle and his commentators were the invariable starting
oint for scholastic research, but they were often no more than that.
The "very intensity with which Aristotelian texts were studied
uaranteed that inconsistencies of doctrine or proof would be quickly
noticed, and these inconsistencies were often the seeds of H.Em.oimﬁ.
reative achievements. Medieval scholars caught scarcely a glimpse of
the new astronomy and cosmology produced by their sixteenth- and
eventeenth-century successors. But they extended Aristotle’s logic,
iscovered fallacies in his proofs, and rejected many of his explanations
ecause they failed the test of experience. In the process they forged
4 number of the concepts and tools that proved essential to the ac-
omplishments of men like Copernicus and Galileo.

Important anticipations of Copernican thought can be found, for
xample, in the critical commentary on Aristotle’s On the Heavens
vritten during the fourteenth century by Nicole Oresme, a member of
he important Parisian nominalist school. Oresme’s method is typically
cholastic. In his long manuscript Aristotle’s text is broken into frag-
ents, each a few sentences in length, and these fragments are inter-
persed with long critical or explanatory comments. On finishing the
ork a reader discovers that Oresme agrees with Aristotle on almost
very substantive point except the Creation. But the reasons for his
greement are far from clear; Oresme’s brilliant critique has destroyed
1any of Aristotle’s proofs and suggested important alternatives for a
umber of Aristotelian positions. These alternatives were seldom
dopted by the scholastics themselves. But medieval scholars con-
tintied to discuss them, and that discussion helped to create a climate
f opinion in which astronomers could imagine experimenting with
e idea of a moving earth.

Oresme was, for example, quite critical of Aristotle’s principal argu-
ment for the earth’s uniqueness.® Aristotle had said that if there were
two earths in space (and when the earth becomes a planet, there will
m..m.mn “earths” ), then they would both fall to the center of the universe
d coalesce, because earth moves naturally to the center. This proof,
says Oresme, is invalid, because it presupposes a theory of motion that

Since it has been demonstrated in the preceding chapter what this . .
heaven is, and how it is ordered within itself, it remains to show who they
are who move it. Therefore be it known, in the first place, that these are
Substances separate from matter, that is, Intelligences, whom the common
people call Angels. . . . The numbers, the orders, the hierarchies [of these
angelic beings], are recounted by the movable heavens, which are nine;
and the tenth announces the unity and stability of God. And therefore the
psalmist says, “The heavens recount the glory of God, and the firmament
announceth the work of His hands.”

Wherefore it is reasonable to believe that the motive powers [that is, the
beings who move the spheres] of the Heaven of the Moon are of the order
of Angels; and those of Mercury, Archangels; and those of Venus are the
Thrones. . . . And these Thrones, which are allotted to the government of
this heaven [of Venus], are not many in number, and the astrologers [of
astronomers] differ about their number, according to their differences about
the revolutions [of this heaven], although all are agreed in this, that their
number is equal to that of these revolutions; which, according to the Book
of the Aggregation of the Stars . . . are three: one by which the star
revolves within its epicycle, the second by which the epicycle and the whole
heaven revolves equally with that of the Sun, and the third by which all that
heaven revolves, following the [precessional] motion of the stellar sphere
from west to east, one degree in a hundred years. So that for these three
"motions are three motive powers [which are three members of the angelic
order of Thrones].?

When angels become the motive force of epicycles and deferents;
the variety of spiritual creatures in God’s legion may increase with the
complexity of astronomical theory. Astronomy is no longer quite sep-
arate from theology. Moving the earth may necessitate moving God’s
Throne.
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is itself unproved. Perhaps earth does not move naturally to the cente
but simply to other nearby bits of earth. Qur earth has a center, and:
may be to that center, wherever in the universe it is located, that loose
stones return. On this alternative theory the natural motion of a boc
is governed, not by its position in an absolute Aristotelian space, b
by its position relative to other portions of matter. Some such theo
was prerequisite to the new cosmologies of the sixteenth and seve
teenth centuries, cosmologies in which the earth was neither uniqu
nor at the center. Similar theories, in various disguises, are common
the work of Copernicus, Galileo, Descartes, and Newton.

Fven more important anticipations of Copernican argumen
emerge when Oresme criticizes Aristotle’s refutation of Heraclides, th
Pythagorean who had explained the diurnal motion of the stars by
positing an eastward axial rotation of the central earth. Oresme doe
not believe that the earth rotates, at least he says he does not. But h
is concerned to show that the choice between a stable and a rotatin|
earth must be made on faith. No argument, he says, whether Hommo&
physical, or even scriptural, can disprove the possibility of the earth’
diurnal rotation. For example, nothing can be concluded from the ap
parent motion of the stars, because, says Oresme;

es .mow immobility because an object thrown vertically upward
ys returns to the point on earth from which it departed:

[In response to Aristotle’s and Ptolemy’s argument] one may say that an
ow_shot straight into the air is [also] moved rapidly eastward with the air
ough which it passes and with the whole mass of the bottommost [or
estrial] portions of the universe described above, the whole [earth and
and arrow] being moved with a daily rotation. Therefore the arrow
turns to the spot on the earth from which it was shot. This appears possi-

y analogy: if 2 man were on a ship moving rapidly eastward without his
ng aware of its motion, and if he drew his hand rapidly downward, des-

g @ straight line against the mast of the ship, it would seem to him
that-his hand had only a vertical motion; and the same argument shows
whythe arrow seems to us to go straight up or down.10

Galileo’s famous defense of the Copernican system, the Dialogue
n %m Two Principal Systems of the World, is filled with arguments of
xactly this sort, and Galileo. may well have been mHm_uo_.ws.wm hints
derived from Copernicus scholastic predecessors, including Oresme.
..m..nw.ﬁrmw does not make Oresme a Copernicus. He does not conclude
for even the diurnal rotation of the earth; he does not dream of an
‘bital motion about the center of the universe; and he has no notion
.Eo benefits that astronomers might derive by positing a mobile
mwmr He does not, for that matter, even share Copernicus’ motive
d.its absence makes his work all the more astounding. érmcw
Hm..mBm“m arguments recur in the writings of Copernicus and Galileo,
hey have a different and a more creative function. The later scientists
wished to show that the earth could move in order to exploit the ad-
E.%mmom that would accrue to astronomy if, in fact, it did move.
resme wished to show only that the earth could move; he was in-
estigating only Aristotle’s proof. Like many of the other mast fruitful

I suppose that local motion can be perceived only when one body alter
its position relative to another. Therefore if a man in a smoothly riding boat,
a, which is moved either slowly or rapidly, can see nothing but a secon
boat, b, which moves in just the same way as @, . . . then I say that it w 1]
seem to him that neither boat is moved. And if a is at rest and b moves,
will seem to him that b moves; and if it is @ that moves and b is at rest, it wi
still seem to him that a is at rest and that b is moved. . . . Therefore I sa
that if the higher [or celestial] of the two parts of the universe mentione
above were today moved with a diurnal motion, as it is, while the lowe
for terrestiial] part remained at rest, and if tomorrow on the contrary the
lower part were moved diwrnally while the other part, ie., the heavens were
at rest, we would be unable to see any change, but everything would see
the same today and tomorrow. It would seem to us throughout that our loc
tion was at rest while the other part of the universe moved, just as it seems
to a man in a moving boat that the trees outside the boat are in motion.?

mHm*..oz@. Men who agreed with Aristotle’s conclusions investigated
is proofs only because they were proofs executed by the master.

Vevertheless their investigations of ’
This is the argument from optical relativity that plays such a larg . & ¢ often helped to ensure the master'

part in the writings of Copernicus and Galileo, Oresme does not sto
with it, however. His treatise proceeds immediately to the demolition
of an even more important Aristotelian argument, the one that con:

_sm cannot, of course, be certain that Copernicus or Galileo read
resme. The tradition that requires the scholar and scientist to name
his sources was not established until long after the scientific revolution
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xternal push, a stone would either remain at rest or move in a straight
m.ﬁoémzw the center of the earth. It was a natural explanation for a
E.mm number of phenomena, but it could not easily be fitted to the
bserved behavior of a projectile. When released from the hand or
ma sling, a stone does not drop straight to earth. Rather it continues
to move in the direction toward which it was initially impelled even
er its contact with the initial projector (hand or sling) is broken.
ristotle, who was a shrewd observer, knew how a projectile moves,
and'he patched his theory by conceiving the disturbed air as the source
of a push which prolongs the projectile’s motion after contact with the
first propellant is broken. He does not seem to have been too pleased
ith this solution, for he provided at least two incompatible versions
it, and he was always a bit argumentative on this point. But for him
as never important; his fundamental interests lay elsewhere; he
treated the projectile only as an aside and apparently only because it
HEWE create difficulty for his theory.

It did create difficulties, apparently almost immediately. John
Philoponus, the sixth-century Christian commentator who records the
earliest extant rejection of Aristotle’s theory, attributes his own partial
etus-theory solution to the Hellenistic astronomer Hipparchus,
Most other commentators were at least troubled by this aspect of

their logical possibility was demonstrated. But not all medieval scienc Aristotle’s thought. Perhaps no one, including its author, ever took the
was of this limited critical and perhaps evanescent variety. The scholas - as pusher quite seriously. But it was not until the fourteenth
tics also introduced a few new areas of investigation and a few perman century, when difficulties in Aristotle’s text were problems in their own
ent doctrinal modifications into the Aristotelian scientific tradition  right, that the issue of the projectile was fully faced and resolved by a
Among these the most significant were in the fields of kinematics and substantial modification of Aristotle’s theory. Though its source was a
dynamics whose subject is the motion of heavy bodies on the earth and’ errestrial problem, that modification proved to have immediate im-
(after the Middle Ages) in the heavens. Some of Galileo’s most sig lications for astronomy.
nificant contributions, particularly his work on falling bodies, can ap Both the problem and its medieval solution can be recovered in
propriately be viewed as a creative reordering of previously scattere rilliant detail from the Questions on the Eight Books of Aristotle’s
physical and mathematical insights gained with difficulty by medieva ’hysics (a typical title for scholastic science) by Oresme’s teacher,
scholars, But even before the seventeenth century, when Galileo wow ean Buridan:
them into a new dynamics, one of these insights, the impetus theor
of motion, had had an important, if indirect, bearing on astronomica
thought.
The impetus theory was erected on the rubble of one of the weakes
explanations in the body of Aristotle’s physics, the explanation of pro
jectile motion. Aristotle had believed that, unless it was moved by a

of the sixteenth and seventeenth centuries. But Aristotle had many
scholastic critics, and they wrote numerous manuscripts which were
repeatedly copied in the years after their deaths. Five and a rmm
centuries after the composition of Oresme’s commentary there are still
six extant medieval manuscript copies, several dating from the fifteenth
century, after Oresme’s death. At the time of Copernicus’ birth there
must have been many more. Furthermore, the tradition of scholastic
criticism was a continuous tradition. Key concepts which originated
at Paris in the fourteenth century can be traced to Oxford in the sam
century and to Padua in the fifteenth and sixteenth. Copernicus mgmumm
at Padua and Galileo taught there. Though we cannot be sure .&Sﬁ
Copernicus derived any particular argument in the De Revolutionibus
from any particular scholastic critic, we cannot doubt that the critics
as a group facilitated the production of those arguments. At the .BQ.. .
least they created a climate of opinion in which topics like the earth’s
motion were legitimate subjects for university discussion. Quite prob-
ably a few of Copernicus’ key arguments were borrowed from earlier
and unacknowledged sources.
The preceding discussion of Oresme has illustrated the most typica

sort of scholastic criticism: the testing of Aristotelian proofs and th

investigation of possible alternative doctrines, usually discarded onc

t is sought whether a projectile after leaving the hand of the projector
mdved by the air or by what it is moved. . . . This question I judge to
wvery difficult because Aristotle, as it seems to me, has not solved it well.
orhe . . . [at one point] holds that the projectile swiftly leaves the place
which it was, and nature, not permitting a vacuum, rapidly sends air in
ehind to fill up the vacuum. The air moved in this way impinges upon
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ill therefore not return to its point of departure. But it the earth’s
tward motion endows the stone with an eastward impetus while the
one is still in contact with the projector, that impetus will endure and
Il cause the stone to pursue the moving earth even after contact is
roken. The impetus theory enables the moving earth to endow terres-
al-‘bodies with an internal propellant, and that propellant enables
em to follow the earth afterward. Like his master Buridan, Oresme
glieved in the impetus theory, and though his refutation of Aristotle
oes not mention the theory explicitly, the refutation makes no sense
without it. In one way or another the impetus theory is implicated in
most of the arguments, both medieval and Renaissance, that make it
possible to move the earth without leaving terrestrial bodies behind.

. Some adherents of the impetus theory immediately extended it
m the earth to the heavens. In the process they took a second long
p toward the Copernicanism that was to come. Buridan himself
id,in a passage that closely follows the preceding excerpt from his

the projectile and impels it along. This is repeated continually for a certain
distance. . . . [But] it seems to me that many experiences show this method
of proceeding to be valueless. . .

[For example, one among many that Buridan gives,] a lance having a
conical posterior as sharp as its anterior would be moved after projectior
just as swiftly as it would be without a sharp conical posterior. But surely
the air following could not push on a sharp end in this way since the air
would be easily divided by the sharpness [whereas it could push on a
blunt end, thus moving the lance with the blunt end farther}. . . .

Thus we can and ought to say that in the stone or other projectile
there is impressed something which is the motive force of that projectile
This is evidently better than falling back on the statement that the air
would [continue to] move the projectile, for the air appears to resist. . .
[The projector] impresses a certain impetus or motive force into th
moving body, which impetus acts in the direction toward which the move
moved the moving body, either up or down, or laterally or circularly. Anc
by the amount the motor moves that moving body more swiftly, by th
same amount it will impress in it a stronger impetus. It is by that impetus’
that the stone is moved after the projector ceases to move, But that impetu
is continually decreased by the resisting air and by the gravity of the stone.
which inclines it in a direction contrary to that in which the impetus wa
naturally predisposed to move it. Thus the movement of the stone continuall
becomes slower until the impetus is so diminished or corrupted that th
gravity of the stone wins out over it and moves the stone down to its natural
place. 1

lso, since the Bible does not state that appropriate [angelic] intelli-
ces move the celestial bodies, it could be said that it does not appear
ecessary to posit intelligences of this kind. For it could [equally well]
e answered that God, when He created the world, moved each of the
elestial orbs as He pleased, and in moving them He impressed in them
npetus which moved them without His having to move them any more
pt by the method of general influence whereby he concurs as a coagent
I things which take place. Thus on the seventh day He rested from all
sork which he had executed by committing to others the actions and the
assions in turn. And these impetuses which He impressed in the celestial
odies were not decreased nor corrupted afterwards, because there was no
nclination of the celestial bodies for other movements. Nor was there
esistance which would be corruptive or repressive of that impetus.’?

This is only a fraction of Buridan’s elaborate discussion, and count
less parallel treatments can be found in the works of his successors
By the end of the fourteenth century impetus dynamics, in one of a
number of forms very like Buridan’s, had replaced Aristotelian dynam
ics in the work of the principal medieval scientists. The tradition en
dured: it was taught at Padua around the time Copernicus studie
there; Galileo learned it from his master Bonamico at Pisa. Both of.
them used it, explicitly or implicitly, as did their contemporaries an
successors. On 2 number of occasions and in a variety of ways the
impetus theory played an essential role in the Copernican Revolution:

One of these roles we have already seen, though without recogniz
ing it. Oresme’s refutation of Aristotle’s central argument for the earth’s
immobility takes the impetus theory, or something quite like it, for
granted. On the Aristotelian theory of motion a vertically thrown
stone must move along a radius fixed in space. If the earth moves whil :
the stone is in the air, the stone (or arrow)} cannot accompaay it and

In Buridan’s writings, perhaps for the first time, the heavens and
¢ earth were at least tentatively subjected to a single set of laws, and
e same suggestion was carried further by Buridan’s pupil, Oresme.
suggested that, “when God created [the heavens] . .., He im-
ressed them with a certain quality and force of motion, just as He
pressed terrestrial things with weight . . . ; it is just the same as
man building a clock and leaving it to run itself. Thus God left the
cavens to be moved continually . . . according to the order [He
‘had] established.” ¥ But to conceive the heavens as a terrestrial
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mechanism, a piece of clockwork, is to break the absolute dichotomy
between the superlunary and sublunary regions. Though the impetus
theorists followed the suggestion no further, at least during the Middle
Ages, it was just this dichotomy, drawn from both Aristotle and the-
ology, that had to be broken if the earth was to be made a planet.

The possibility of the earth’s motion and the partial unification of
terrestrial and celestial law were the impetus theory’s two most direct
contributions to the Copernican Revolution. Its most important contri-
bution, however, was an indirect one, to which we shall revert briefly in-
the last chapter. Through its role in the evolution of Newtonian
dynamics, the impetus theory helped to bring the Revolution to a suc-
cessful close more than a century after Copernicus” death. Copernicus
in the sixteenth century provided only a new mathematical description
of the way the planets move; he was not successful in explaining why

evices supplied by the scholastics, the modern quantitative relation
vetween time of fall and distance. Contributions like these give scholas-
e science an important role in the evolution of Newtonian dynamics,
and Newtonian dynamics was the keystone in the structure of the new
universe created by Copernicus and his successors.

-+ During the seventeenth century, just when its full utility was being
mmﬁoumc.mﬂmm for the first time, scholastic science was bitterly attacked
‘men trying to weave a radically new fabric of thought. The scholas-
s proved easy to ridicule, and the image has stuck. Medieval scien-
ts more often found their problems in texts than in nature; many
om..m:u.mm problems do not now seem problems at all; by modern stand-
ards the practice of science during the Middle Ages was incredibly
flicient. But how else could science have been reborn in the West?

the planets moved as he said they did. Initially his mathematical as- of ancient science and wE_OmowE\ was simultaneously reconstituted
tronomy made no physical sense, and it therefore posed new sorts of: assimilated, and tested for adequacy. As weak spots were &mooﬁ&.&v
problems for his successors. Those problems were only resolved by they immediately became foci for the first effective research in ﬂrmv
Newton, whose dynamics supplied the missing keystone to Copernicus’ modern world. The great new scientific theories of the sixteenth and
mathematical system, and Newton’s dynamics, even more than Coper seventeenth centuries all originate from rents tom by scholastic criti-
nicus’ astronomy, depended on the prior scholastic analyses of motion ism in the fabric of Aristotelian Eonmrﬂ. Most of those theories also

Impetus dynamics is not Newtonian dynamics, but by pointing &
new problems, new variables, and new abstractions impetus dynamic
helped to pave the way for Newton's work. Before the impetus theory
both Aristotle and experiment had testified that only rest endures
Buridan and some other impetus theorists declared that, unless re-
sisted, motion too would endure forever, and they thus took a lon .
step toward what we now know as Newton’s First Law of Moticn
Again, in a passage omitted from the descriptive quotation above
Buridan equated the quantity of impetus in a moving body with th
product of the body’s speed and its quantity of matter. The concep
of impetus became very like, though not identical with, the modern’
concept of momentum; in Galileo’s work the words “impetus” an
“momentum” are often used interchangeably. Elsewhere, to give on
final example, Buridan’s discussion came very close to saying that the
gravity (or weight) of a freely falling body impresses equal incre
ments of impetus (and therefore of velocity) upon the body in equa
intervals of time. Galileo was not the first of Buridan’s successors t
say precisely this and to derive from it, with the aid of other analytica

rtant even than these is the attitude that modern scientists inherited
from their medieval predecessors: an unbounded faith in the power
f human reason to solve the problems of nature. As the late Professor
QE.ﬁm&mmm remarked, “Faith in the possibility of science, generated
tecedently to the development of modern scientific theory, is an
nconscious derivative from medieval theology.” 14

Astronomy in the Age of Copernicus

In discussing late-medieval modifications of the Aristotelian-
memBE.n tradition, we have said almost nothing about developed
lanetary astronomy. In fact there was almost none in Europe during
ie Middle Ages, partly because of the intrinsic difficulty of the mathe-
cal texts and partly because the problem of the planets seemed
) esoteric. Aristotle’s On the Hegvens described the entire universe
elatively simple terms; Ptolemy’s elaborate Almagest dealt, for the
ot part, only with the computation of planetary position. Therefore,
though the works of both Aristotle and Ptolemy were translated by
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postponed, because he felt that existing astronomical observation ..mﬁm they then discovered that even Ptolemy’s original formula-
and theories did not yet permit the design of a truly adequate calendar on ‘was inadequate. By making available sound texts of ancient
When Copernicus listed the aspects of contemporary astronomy tha thors, fifteenth-century scholars helped Copernicus” immediate pre-
had led him to consider his radical theory, he began, “For, first, th cessors to recognize that it was time for a change.
mathematicians are so unsure of the movements of the Sun and Moo evelopments like those discussed above can help us understand
that they cannot even explain or observe the constant length of th w..m..um Copernican Revolution occurred when it did. They are essen-
seasonal year” (see p. 137 below). Reform of the calendar demanded parts of the climate for astronomical upheaval. But there are other,
said Copernicus, reform in astronomy. The preface of his De Revolu: e intellectual, aspects of the Renaissance which played a somewhat
tionibus closed with the suggestion that his new theory might Emﬁm erent role in the Revolution. They are associated with humanism,
a new calendar possible. The Gregorian calendar, first adopted i dominant learned movement of the age, and their effect was less
1582, was in fact based upon computations that made use of Coper on the Revolution’s timing than wpon its shape. Humanism was not
nicus’ work. ncipally a scientific movement. The humanists themselves were
Recognition of the inadequacies in existing techniques for astro ! ‘bitterly opposed to Aristotle, the scholastics, and the entire tra-
nomical computation was heightened by still another aspect of Renais- n-of university HmmnE.um. Their sources were the newly recovered
sance life. During the fifteenth century, Europe experienced a second: terary classics, and, like literary men in other ages, many of them
great intellectual revival associated with a second rediscovery of class ejected the scientific enterprise as a whole. The early humanist poet
cal models. Unlike its twelfth-century predecessor, the Renaissance re etrarch sounds a typical note, strangely and significantly reminiscent
vival of learning was not primarily a scientific revival. Most of the f Augustine’s earlier depreciation of science. “Even if all these things
newly recovered documents exemplified ancient literature, art, and re true, they help in no way toward a happy life, for what does
architecture, subjects whose great tradition was then little known dvantage us to be familiar with the nature of animals, birds, fshes,
in the West principally because Islamic culture had been indiffer- d reptiles, while we are ignorant of the nature of the race of man to
ent to it. The manuscripts discovered in the fifteenth century did, h we belong, and do not know or care whence we come or whither
however, include a few important works of Hellenistic mathematics e go.” ** If humanism had been the only intellectual movement of
and, more important, a great many authentic Greek versions of scien- e: Renaissance, the Copernican Revolution might have been long
tific classics previously known only in Arabic. As a result, the Ptolemaic tponed. The work of Copernicus and his astronomical contempo-
system’s recognized failure correctly to predict celestial motions could es belongs squarely in that university tradition which the human-
no longer be blamed upon errors accumulated in transmission and ts most ridiculed.
translation. Astronomers could no longer believe that astronomy had he humanists did not, however, succeed in stopping science.
declined since Ptolemy. uring the Renaissance a dominant humanistic tradition outside the
Peuerbach, for example, began his career in astronomy by work- universities existed side by side with a continuing scientific tradition
ing from second-hand translations of the Almagest transmitted via vithin university walls. In consequence the first scientific effect of the
Islam. From them he was able to reconstruct a more adequate and umanists’ dogmatic anti-Aristotelianism was to facilitate for others a
complete account of Ptolemy’s system than any known before. But ak with the root concepts of Aristotle’s science. A second but more
his work only convinced him that a truly adequate astronomy could ortant effect was the surprising fertilization of science by the strong
not be derived from Arabic sources. Astronomers, he felt, would have! erworldly strain that characterized humanist thought. From this
to work from Greek originals, and he was about to depart for Italy to” spect of humanism, a first hint of which is contained in the preceding
examine manuscripts available there when he died in 1461. His suc- uotation from Petrarch, some Renaissance scientists, like Copernicus,
cessors, particularly Johannes Miiller, did work from the Greek ver- . alileo, and Kepler, seem to have drawn two decidedly un-Aristotelian
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' key to the m.mmmum.& nature of God, the soul, and the world soul
ich was the uhiverse. A typical passage from the fifth-century Neo-

platonist Proclus perfectly di i ; :
T pertectly displays a part of this mystical vision of

simple arithmetic and geometric regularities in nature, and a new
view of the sun as the source of all vital principles and forces in the
universe. :
The otherworldliness of humanism derived from a well-defined
philosophical tradition which had greatly influenced Augustine and
other early Church fathers but which had been temporarily eclipsed by
the twelfth-century recovery of Aristotle’s writings. That tradition, un-
like the Aristotelian, discovered reality in a changeless world of spirit
rather than in the transient affairs of everday life. Plato, who is the tra-
dition’s ultimate source, often seems to dismiss the objects of this world .
as mere imperfect shadows of an eternal world of ideal objects o
“forms” existing outside of space and time. His followers, the so-called
Neoplatonists emphasized this tendency in their master’s thought to
the exclusion of all others. Their mystical philosophy, which many
humanists took as a model, recognized only 2 transcendent reality
Yet for all its mysticism, Neoplatonism contained elements that gave
a significant new direction to the science of the Renaissance.
The Neoplatonist leaped at once from the changeable and cor
ruptible world of everyday life to the eternal world of pure spirit
and mathematics showed him how to make the leap. For him mathe
matics exemplified the eternal and real amid the imperfect and flue
tuating appearances of the terrestrial world. The triangles and circle: .
of plane geometry were the archetypes of all Platonic forms. The
existed nowhere —no line or point drawn on paper satisfies Euclid’
postulates — but they were endowed with certain eternal and neces
sary properties which the mind alone could discover and which, onc
discovered, could be observed dimly mirrored in the objects of th
real world. The Pythagoreans, who had also envisioned the red
world as a shadow of the eternal world of mathematics, exemplifie
the ideal of terrestrial science in their discovery that uniform string
whose lengths are in the simple numerical ratios 1: % : % : % produc
harmonious sounds. The mathematical strain in Neoplatonic though platonic tradition. The Neoplatonic strain sh
is often attributed to Pythagoras and identified as Neopythagoreanism ) ' SHiows even more strongly
Plato himself emphasized the necessity of mathematics as trainin iple numerical relati .
for the mind in pursuit of forms; over the door of his Academy he i T ons runs through and motivates most of Kepler®
said to have inscribed, “Let no one destitute of geometry enter m e origin of the liai ;
doors.” 1% The Neoplatonists went further. They momn& in mathematic ore ovmnc.Mm. but a EMWMMoNMﬁMMmMH MMMWMHMM Mwamwuéwwmr% s
ogether can

MwumﬁmomH [of ﬂ.rm world], therefore, is by ne means to be compared to a
ooth | mm ﬁ MM» <%i oM all Hmwmoumh but she is an ever-written tablat herself
i characters in herself, of which she deri .
i : : : erives an eternal pleni-
de trom intellect. . . . >H= Emﬂumamzomﬂ species, therefore, have % Huaw.
lary ul: so that, before sensible numb u
. . : ers, the
mw.m_ MEH_ in her inmost recesses, mm:.Eoﬁ.bm numbers; vital figures " MMM MM
. . . ? ? )
¢ %ﬁ.ﬂmwﬁ :Mm& mu.aomoﬁmwam of harmony previous to concordant Wn.ﬁ.smm
] € oros, prior to the bodies which revolve i i w
i . bod ve in a circle. . . . [W
.H%MMMWMM all ﬁrmmo as wcv.ﬁmﬂbm ever vitally, and intellectually mﬁm ﬂMM
. pparent numbers, figures, reasons and i herd
b . . A motions. And h
hhwu MMHHQMH HWm_um.ooQSm of Timaeus, who derives the origin wﬁMﬂmeHo
it es the tabric of the soul, from mathematical forms mbmvam 08 in
nature the causes of everything which exists.1? v poses

..wuon_cm and the humanists who espoused his cause are a 1

. Bmum physical sciences. But they occasionally influenced Eowm ore
ntifically inclined contemporaries, and the result was a - soarek
many late Renaissance scientists for simple geometric mEuM MHHHMW

...m.s_co‘zmﬂ.m de Novara, was a close associate of the Florenti
wngmﬂm who translated Proclus and other authors of hi Hmw ol
ovara himself was amon g the first to criticize the Pto ety

oQ. on Neoplatonic grounds, Umr.ms.sm that no system so compl
m..m_ .Q.HEWmHmoEm oomE represent the true mathematical o&uww Mw
Bmmwwmuﬁ\ummb Zo<w~.mm pupil .Oowmgmo:m complained that the Ptole-

: nomers “seem to violate the frst principle of uniformi
. and that they have been unable to “deduce the princi JH\
m.l:.mEma\ the shape of the Universe and the unchan omﬂ?ﬁoﬁm
of its parts” (see p. 138 below), he was Humwm&wmnummu the MWMM

lemaic Emnonma\




130 THE COPERNICAN REVOLUTIO ECASTING THE TRADITION 131

be found in the preceding quotation from Proclus. Neoplatonic thought
could never quite dispense with the real world. The “vital figures” an
“invisible orbs” that Proclus found in the soul of the world, or in
God, might be the primary philosophical entities, the only things that t in time could be compatible with the sun’s dignity and creative
have complete reality and existence. But the Neoplatonist could not function. But the position was not compatible with Ptolemaic astron-
avoid granting some sort of existence to the imperfect bodies attested omy, and the resulting difficulties for Neoplatonism may have helped
by his senses. He therefore regarded them as second-rate copies gen- Jopernicus to conceive a new system constructed about a central
erated by the “vital figures” themselves. As Proclus said, the mathe- . “In any case they gave him an argument for the new system. As
matical forms that determine the nature of the world soul were also ooni as he had discussed the new position of the sun, Copernicus ad-
the “causes of everything which exists.” They generated countless de rted to the fitness of his new cosmology (see p. 179 below). His
based and materialized copies of their own purely intellectual su uthorities are immediately Neoplatonic:

stance. The Neoplatonist's God was a self-duplicating procreative prin
ciple whose immense potency was demonstrated by the very multi
plicity of the forms that emanated from Him. In the material univers
this fecund Deity was suitably represented by the sun whose visible
and invisible emanations gave light, warmth, and fertility to the uni
verse.

This symbolic identification of the sun and God is found repeatedly.
in Renaissance literature and art. Marsilio Ficino, a central figure in
the fifteenth-century humanist and Neoplatonic academy of Florence
gave it typical expression in his treatise On the Sun:

erse, it retains its old position. Yet that position was no longer
ippropriate. Ficino wrote, for example, that the sun was created first
nd in the center of the heavens. Surely no lesser position in space

In the middle of all sits Sun enthroned. In this most beautiful temple
1d we place this luminary in any better position from which he can illumi-
ate the whole at once? He is rightly called the Lamp, the Mind, the Ruler
the Universe; Hermes Trismegistus names him the Visible God, Sophocles’
ctra calls him the All-seeing. So the sun Sits as upon a royal throne ruling
.children the planets which circle round him,

Neoplatonism is explicit in Copernicus’ attitude toward both the
sun and mathematical simplicity. It is an essential element in the in-
ellectual climate that gave birth to his vision of the universe. But it
is often hard to tell whether any given Neoplatonic attitude is posterior

Nothing reveals the nature of the Good [which is God] more fully .mswmommmi to the invention of his new astronomy in Copernicus’
than the light [of the sur]. First, light is the most brilliant and clearest o wought. No similar ambiguity exists with respect to the later Coper-
sensible objects. Second, there is nothing which spreads out so easily nicans. Kepler, for example, the man who made the Copernican sys-
broadly, or rapidly as light. Third, like a caress, it penetrates all things’ eri 'work, is quite explicit about his reasons for preferring C 5Y ,
harmlessly and most gently. Fourth, the heat which accompanies it fosters: oozl ’ q ” g preterring L.opernicus
and nourishes all things and is the universal generator and mover. . posal, and among them is the following:
Similarly the Good is itself spread everywhere, and it soothes and entices
all things. It does not work by compulsion, but through the love which
accompanies it, like heat [which accompanies light]. This love allures
all objects so that they freely embrace the Good. . . . Perhaps light is itself.
the celestial spirit’s sense of sight, or its act of seeing, operating from a dis-
tance, linking all things to heaven, yet never leaving heaven nor mixing
with external things. . . . Just look at the skies, I pray you, citizens of
heavenly fatherland. . . . The sun can signify God F.umself to you, and who
shall dare to say the sun is false.® .

[The sun] is a fountain of light, rich in fruitful heat, most fair, limpid,
1 pure to the sight, the source of vision, portrayer of all colors, though
himself empty of color, called king of the planets for his motion, heart
.».w.m world for his power, its eye for his beauty, and which alone we should
dge worthy of the Most High God, should he be pleased with a material
micile and choose a place in which to dwell with the blessed angels. . . .
or if the Germans elect him as Caesar who has most power in the whole
mpire, who would hesitate to confer the votes of the celestial motions on
1 who already has been administering all other movements and changes
y the benefit of the light which is entirely his possession? . . . [Hence]
the highest right we return to the sun, who alone appears, by virtue of
s dignity and power, suited for this motive duty and worthy to become
e home of God himself, not to say the first mover.1?

With Ficino as with Proclus, we are a long way from science. Ficino
does not seem to understand astronomy. He certainly made no attempt
to reconstruct it. Though the sun has a new significance in Ficino’s
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opernicus began his cosmological and astronomical researches very
nearly where Aristotle and Ptolemy had stopped. In that sense he is
th ..EﬂSmm_.m»m heir of the ancient scientific tradition. But his inheri-
ce took almost two milleniums to reach him. In the interim the
ry process of rediscovery, the medieval integration of science and
n&omuw the centuries of scholastic criticism, and the new currents of
aissance life and thought, all had combined to change men’s atti-
e towards the scientific heritage that they learned in school. Just
great, and yet how strangely small, this essential change could

we shall discover in the next chapter as we take up Copernicus’
novation,

Until after Copernicus’ death the mathematical magic and the sun
worship that are so marked in Kepler's research remained the prin
cipal points of explicit contact between Renaissance Neoplatonism
and the new astronomy. But late in the sixteenth century a third aspect:
of Neoplatonism merged with Copernicanism and helped to reshape
the structure of Copernicus’ universe. Unlike the Deity of the Neo-
platonists, whose perfection was measured by his immense fecundity,
the God of Aquinas and Aristotle had been conceived as an architect
who displayed His perfection in the neatness and order of His creation
Aquinas’ God was well suited to the finite Aristotelian cosmos, but
the God of the Neoplatonists was not so easily bounded. If God’s
perfection is measured by the extent and multiplicity of his procrea
tion, a larger and more populous universe must connote a more per-:
fect Deity. To many Neoplatonists the finitude of Aristotle’s universe
was therefore incompatible with God’s perfection. His infinite good-
ness would, they felt, be satisfied only by an infinite act of creation:
Even before Copernicus the resulting vision of a multipopulated uni-.
verse, infinite in extent, had been the source of important divergences
from Aristotelian doctrine. During the Renaissance the revived em-
phasis on God’s infinite creativity may have been a significant element
in the climate of opinion that bred Copernicus’ innovation. Certainly,
as we shall see later, it was a major factor in the post-Renaissance
transition from Copernicus’ finite universe to the infinite space of the
Newtonian world machine.

Neoplatonism completes the conceptual stage setting for the Coper
nican Revolution, at least as we shall examine it here. For an astro
nomical revolution it is a puzzling stage, because it is set with so few
astronomical properties. Their absence, however, is just what make
the setting important. Innovations in a science need not be responses:
to novelties within that science at all. No fundamental astronomical
discovery, no new sort of astronomical cbservation, persuaded Coper
nicus of ancient astronomy’s inadeguacy or of the necessity for change.
Until half a century after Copernicus’ death no potentially revolu:-
tionary changes occurred in the data available to astronomers. Any.
possible understanding of the Revolution’s timing and of the factors'
that called it forth must, therefore, be sought principally outside of
astronomy, within the larger intellectual milien inhabited by astron-;
omy’s practitioners. As we suggested at the beginning of this chapter,




