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Chapter 1

——E S —t—

Introduction

As the title indicates, this is a book about the history of the relations
between science and religion over a period that extends from ap-
proximately 400 B.c. to A.D. 1550. Although Greek science and natu-
ral philosophy began about two centuries before Aristotle was born,
the real beginnings of the dialogue between science and religion com-
menced with Plato and his student Aristotle (see Figure 1.1). Aristo-
le’s name was chosen for inclusion in the title because his role in the
science-religion dialogue that will be described in this volume
dwarfs that of Plato. Nicholas Copernicus (a.p. 1473-1543) was cho-
sen to signify the end of this period because his monumental treatise
of 1543—O0n the Revolutions of the Heavenly Spheres (De revolutionibus
orbium coelestium)—marked the beginning of the end for the medieval
worldview (see Figure 1.2). With his proclamation of a heliocentric,
or sun-centered, planetary system, Copernicus began the intellectual
process that led ultimately to Galileo, Johannes Kepler, and Isaac
Newton in the seventeenth century. It was they who vindicated
Copernicus and forced the abandonment of the medieval cosmos, a
cosmos that had been based on Aristotle’s geocentric, or earth-
centered, planetary configuration, which had been brought to its
fullest development by medieval scholastic natural philosophers and
theologians whose opinions and attitudes constitute the substantive
content of this book.
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RICOLAVS COPERNICYS
Matheraticus.

Q#jdﬂm?  Fmibiterra octm.&‘aqai

Figure 1.1. Aristotle. From a bust in the Hofmuseumn, Vienna.

Accalui: confbat salening inde pigus.
THE MIDDLE AGES: A TIME OF IGNORANCE AND M D XLL
BARBARISM? OR A PERIOD OF STRIKING Iy
INNOVATION? e e e e e e s T I T

SChc_'larS in the Re:nal.ssance regarded .the 51_xteenth and sevente?nth Figure 1.2. Nicholas Copernicus. Museum of Torun, Torun, Poland. {(Erich Less-
centuries as the beginning of a new age in which Europe was destined ing/Art Resource, NY.)
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for great achievements. To show that Europe had departed from its
dismal past, they divided history into three parts. The first embraced
the ancient Greeks and Romans down to the conversion of the Roman
emperors to Christianity in the fourth century. The second, the Mid-
dle Ages, extended from around 400 to approximately 1400 or 1500—
the middle of the three historical ages. The third period was
everything after that—a rich, positive period that came to be called
the Renaissance and was the modern world of the authors who named
it. The Renaissance revived the Greek and Roman classics in literature,
history, and science and turned away from the scholastic literature of
the Middle Ages. It was regarded as a fertile period in the arts and
sciences. Renaissance scholars prided themselves on a progressive
outlook that went beyond the achievements of the ancients.

The West European Middle Ages extending from around 500 to
1500, have been, and often still are, perceived as a sterile, superstitious
period in the history of Western civilization. A distinguished medieval
historian encapsulated a common view of the Middle Ages when he
reported that

The Middle Ages were condemned as “a thousand years without a bath” by
one well-scrubbed nineteenth-century writer. To others they were simply “the
Dark Ages”—recently described (facetiously) as the “one enormous hiccup in
human progress.” At length, sometime in the fifteenth century the darkness
is supposed to have lifted. Europe awakened, bathed, and began thinking and
creating again. After a long medieval intermission, the Grand March re-

sumed. (Hollister 1994, 1)

It is difficult to imagine a more inaccurate and misleading assess-
ment. Yet the attitudes described above were commonplace between
the seventeenth and nineteenth centuries. In the eighteenth century,
for example, Voltaire, the famous French author and philosopher,
spoke for many when he referred to “the history of the Middle Ages” as
“a barbarous history of barbarous peoples, who became Christians but
did not become better because of it” and also that “it is necessary to
know the history of that age only in order to scorn it” (Grant 2001,
332). Such attitudes were commonplace in the nineteenth and twenti-
eth centuries. As recently as 1992, a reputable historian said of the
Middle Ages:

In all that time nothing of real consequence had either improved or declined.
Except for the introduction of waterwheels in the 800s and windmills in the
late 1100s, there had been no inventions of significance. No startling new
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deas had appemd: no new territories outside Europe had been explored.
]F:erhything weas as it had been for as long as the oldest European could re-

member. (Manchester 1992, 27)

Unaware of the coming of the Renaissance in the sixteenth century,
medieval society was totally unprepared for the advent of a new age,
pelieving that the future would be just like the previous thousand

ears of darkness. This is the Rip Van Winkle view of the Middle Ages:
= thousand years of sleep before the Renaissance produced the great
awakening of Western Europe. The relentless attacks and harsh criti-
cisms of the Middle Ages have penetrated popular culture to the ex-
tent that the Middle Ages are regarded as an age of superstition,
cruelty, and ignorance. If journalists, for example, wish to describe
cruelty, they frequently achieve this by introducing the term “me-
dieval,” as when a reporter had occasion to mention that, “the Nazis
combined the worst of medieval cruelty with twentieth-century tech-
nology and, created a terrifying synthesis” (Reid 1998).

Perhaps the most powerful illustration of bias against the Middle
Ages concerns Christopher Columbus’ voyage of discovery to the New
World in 1492. Many came to believe that the most significant achieve-
ment of Columbus’ voyage was the discovery that the earth is not flat—
as was universally believed in the Middle Ages—but round. This is
utterly false. No educated person in the Middle Ages believed in a flat
earth (Russell 1991). They all knew it was round. Their authority was
Aristotle. In his major cosmological treatise, On the Heavens, Aristotle
emphatically declared the earth a sphere and even presented an esti-
mate of its circumference. All who were educated in the universities of
the Middle Ages would have read that passage. But it could be found
in many other treatises they might also have read. No one would have
doubted it. And yet, nineteenth-century authors were able to construct
a falsehood still widely believed that everyone in the Middle Ages be-
lieved in a flat earth until Columbus’ voyage proved its sphericity.

Despite the powerful overall general bias against the Middle Ages,
only one aspect of that hostility will concern us in this volume—the
assault against the medieval study of logic, natural philosophy, and
theology at the approximately sixty universities created in the period
from 1200 to 1500, an assault that began in the sixteenth century and
continued on to the end of the nineteenth century. The kind of learn-
ing signified by these disciplines was collectively known as scholasti-
cism, and its practitioners were called scholastics. In logic and natural
philosophy, medieval scholastics were rightly regarded as followers
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of Aristotle because their primary activity was to study and comment
upon Aristotle’s logic and natural philosophy. Until the late fifteenth
century, when many of the works of Plato were translated from Greek
into Latin and previously unknown works of other Greek authorg
were also translated, Aristotle’s works had gone unchallenged. For
two and a half centuries—from around 1200 to 1450—Aristotle’s nu-
merous works were dominant in medieval university education. In-
deed, there were no rivals. But beginning around 1450, Aristotle
would have many rivals as numerous previously unknown works
were translated and new schools of thought developed to challenge
his dominance. As rival philosophies emerged, an intellectual strug-
gle developed in which there were strong mutual criticisms. As the
scholastic system of education weakened in the seventeenth century,
more and more critics of that system voiced their objections to it anci
attacked it by serious analysis, but more often by lampooning the wa
scholastics thought and argued. The cumulative impact of these Crit}-r
icisms played a crucial role in creating the idea that the Middle Ages
were an intellectually sterile period.

The attack on medieval scholasticism began in the Middle Ages
with Francesco Petrarch (a.p. 1304-1374), who admired Aristotle but
criticized his followers, because they made doing logic an end in it-
self instead of a path to something else. In the fifteenth and sixteenth

enturies, the criticisms were directed overwhelmingly against
Echolastic logic and theology, although there were attacks directed

gainst Aristotelians in general. In the fifteenth century, Lorenzo Valla
(a.D. 14071457} attacked Aristotelians by falsely claiming they took
an oath never to contradict Aristotle. Valla emphasized the narrow-
mindedness of scholastic Aristotelians, declaring: “modern Peripatet-
ics [that is, Aristotelians] are intolerable. They deny a person who does
not adhere to any school the right to disagree with Aristotle” (Rum-
mel 1995, 160). The criticisms intensified in the sixteenth century when
famous figures such as Desiderius Erasmus, Thomas More, Juan Luis
Vives, and others attacked scholastic logic and theology.

Erasmus used the formidable weapon of ridicule to attack scholas-
tic logicians and theologians. By the end of the Middle Ages, scholas-
tic logic had become virtually unintelligible to anyone not immersed
in its strange juxtapositions of words and the bizarre sentences it used
as examples. Theology had become highly analytical, and it used logic
and natural philosophy extensively, a5 we shalt 5¢e. eologians were
into abstract and strange questions about whether God could do this
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ar that action. In his famous treatise, In Praise of Folly, Erasmus cited
cuich questions to show how absurd theology had become. He pre-
sented the following sequence of questions, which he claimed con-
Itempofary theologians discussed: “What was the exact moment of
divine generation? Are there several filiations in Christ? Is it a possi-
ble proposition that God the Father could hate his Son? Could God
have taken on the form of a woman, a devil, a donkey, a gourd, or a
flintstone? If so, how could a gourd have preached sermons, per-
foyrmed miracles, and been nailed to the cross?” (Erasmus 1993, 87).
Such strange questions prompted Erasmus to say that theologians
were “so busy night and day with these enjoyable tomfooleries, that
they haven’t even a spare moment in which to read the Gospel or the
Jetters of Paul even once through” (Erasmus 1993, 93). Erasmus, as did
many others, felt that theology had been transformed into an incom-
prehensible discipline that was intelligible only to professional the-
ologians. It had nothing to do with traditional religion, largely
ignoring the Gospels and the Bible.

The most telling criticism against scholastic logic was delivered by
Juan Luis Vives (A.p. 1493-1540), a Spaniard born in Valencia. He was
trained in scholastic logic while in Paris but abandoned it early on to
embrace the new humanism that was sweeping Europe. In 1520, Vives
published Against the Pseudodialecticians, in which he used his knowl-
edge of scholastic logic to attack it. Vives” favorite tactic was to show
how scholastic logicians had developed an extensive and intricate
technical jargon that was unintelligible to all but themselves. They also
used the word order of a sentence or proposition to show how that
could drastically change the meaning of the sentence. In the Latin lan-
guage, word order does not affect the meaning of a sentence. But
scholastic logicians changed that by using word order to convey dif-
ferent meanings. Changes in word order could be crucial to a logician
but meaningless to a non-logician. It is important to realize that his-
torians of logic find the medieval practice of changing word order to
convey different meanings with the same words to be rational and an
early version of formal logical notation. But it was simply unintelligi-
ble to non-logicians and was easily made the object of ridicule. In re-
ferring to the logicians, Vives declared that

they have invented for themselves certain meanings of words contrary to all
civilized custom and usage, so that they may seem to have won their argu-
ment when they are not understood.



8 Science and Religion, 400 B.c. to A.p. 1550

For when they are understood, it is apparent to everyone that nothing
could be more pointless, nothing more irrational. So, when their opponent
has been confused by strange and unusual meanings and word-order, by
wondrous suppositions, wondrous ampliations, restrictions, appellations,
they then decree for themselves, with no public decision or sentence, a tri-
umph over an adversary not conquered but confused by new feats of verbal
legerdemain. Truly, would not Cato, Cicero, Sallust, Livy, Quintilian, Pliny,
and Marcus Varro (recognized as the first Latin writers on logic) be utterly at
a loss to hear one of these sophisters make statements like these:

When he is full of drink, swear on the stone Jove that he has not
drunk wine, because he has not drunk wine that is in India.

When he sees the King of France attended by a great retinue of ser-
vants, say This King does not have servants because he does not have
those who wait on the King of Spain.

Though Varro is a man, yet he is not a man because Cicero is not him-
self Varro.

That a head no man has even though no man lacks a head.

There are more non-Romans than Romans in this hall, in which there
are a thousand Romans and two Spaniards. . . .

Socrates and this donkey are brothers.

Two contradictory statements are also in a contradictory sense true. (Guer-
lac 1979, 57-61)

Vives’ treatise was brief and widely read. It had a great impact on
sixteenth-century thought. Vives was encouraged to write his treatise
after he read a letter by Sir Thomas More to one Martin Dorp, writ-
ten in 1515. In this letter, More spoke of a logic textbook called the
Little Logicals. Boys learning their logic from this book, said More,
were taught a series of piddling rules and many falsehoods. The boys

were

taught to distinguish among statements of this kind, “The lion than an ani-
mal is stronger” and “The lion is stronger than an animal”—as if they did not
mean the same thing. Actually both statements are so clumsy that neither of
them means much of anything, but if they do mean anything they doubtless
mean the same. And these differ just as much, “Wine twice I have drunk”
and "Twice wine [ have drunk”; that is to say, a lot according to those log-
ickers but in reality not at all. Now if a man has eaten meat roasted to burn-
ing, they want him to be speaking the truth if he puts it this way “I raw meat
have eaten,” but not if he says “I have eaten raw meat.” (Guerlac 1979,

171-173)

Introduction 9

Tius did More ridicule and reject the idea of using the word order of
sentences to convey different meanings. He was also critical of the- _
ologians who were absorbed in the pursuit of trivial questions “that
are empty in themselves and useless to men who are empty of all the
rost of knowledge” (Guerlac 1979, 191). These theologians could not
discuss scripture properly because they were ignorant of the writings
of the ancients and deficient in the Latin language.

There were other critics of scholastic logic and theology, but only
one more will be mentioned: Martin Luther. In 1517, Luther wrote a
treatise that reveals its intent in the title, Against Scholastic Theology.
Luther, who had studied theology, was disturbed by the rationalistic
theology that still dominated the theological schools of his day. He
formulated ninety-seven criticisms against the theologians, among
which are the following:

43, Tt is an error to say that no man can become a theologian without Aris-
totle. This in opposition to common opinion.

44. Indeed, no one can become a theologian unless he becomes one without
Aristotle.

45. To state that a theologian who is not a logician is a monstrous heretic—
this is a monstrous and heretical statement. This in opposition to com-
mon opinion.

46. In vain does one fashion a logic of faith, a substitution brought about
without regard for limit and measure. This in opposition to the new di-
alecticians.

47. No syllogistic form is valid when applied to divine terms. This in oppo-
sition to the Cardinal.

48. Nevertheless it does not for that reason follow that the truth of the doc-
trine of the Trinity contradicts syllogistic forms. This in opposition to the
same new dialecticians and to the Cardinal.

49. If a syllogistic form of reasoning holds in divine matters, then the doc-
trine of the Trinity is demonstrable and not the object of faith.

50. Briefly the whole Aristotle is to theology as darkness is to light. This in
opposition to the scholastics. (Luther 1957, 12)

Luther obviously condemned (Luther 1957, 12) the use of logic in the-
ology and faith, but was equally repelled by the use of Aristotle’s
works in theology.

The criticisms of scholastic logic and theology continued on into the
seventeenth and eighteenth centuries. As time passed, fewer and
fewer of the critics of scholastic theology and logic had any genuine
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acquaintance with those disciplines as they were understood in the
Middle Ages. Nonetheless, it became traditional and customary for
those ignorant of medieval and early modern Aristotelian scholastic
thought to harshly criticize it. English philosophers, such as Francis
Bacon, John Locke, and Thomas Hobbes, who wrote in the seven-
teenth century, were severe critics of scholastic logic and theology. De-
nunciations of scholasticism continued on into the eighteenth and
nineteenth centuries.

Medieval natural philosophy was subjected to a somewhat differ-
ent fate than logic and theology. It was not the object of severe criti-
cism until the seventeenth century. The assault on natural philosophy
by seventeenth-century authors such as Galileo, Francis Bacon,
Thomas Hobbes, Pierre Gassendi, and René Descartes proved fatal to
that discipline, which lost all credibility. By the end of the century,
Aristotelian natural philosophy was no longer a major intellectual
force. The greatest blow against scholastic natural philosophy was de-
livered by Galileo Galilei (o.D. 1564-1 642), who used wit, sarcasm, and
irony as basic weapons against these philosophers. He never tired of
emphasizing the slavish devotion of Aristotle’s followers to the mas-
ter.

In one of his most significant works, the Dialogue Concerning the Two
Chief World Systems—Ptolemaic and Copernican, Galileo presented strik-
ing examples of unreasonable devotion to Aristotle in the face of ev-
idence that obviously contradicted Aristotle’s interpretation. Galileo
related an incident of his attendance at an anatomical dissection in
which the anatomist demonstrated that the nerves originate in the
brain and not in the heart, as Aristotle believed. The anatomist turned
to an Aristotelian natural philosopher and asked him “whether he was
at last satisfied and convinced that the nerves originated in the brain
and not in the heart. The philosopher, after considering for awhile, an-
swered: “You have made me see this matter so plainly and palpably
that if Aristotle’s text were not contrary to it, stating clearly that the
nerves originate in the heart, I should be forced to admit it to be true’ ”
(Galileo 1962, 108). In a similar vein, Galileo mentioned telescopic ob-
servations that he had made with the telescope, which was invented
in 1608. Galileo was convinced that Aristotelian natural philosophers
did not accept the validity of telescopic observations. To illustrate this,
Galileo has Simplicio, who Iepresents the Aristotelian natural philoso-
pher in the Dialogue, explain why he would not read books describ-

ing telescopic observations. Simplicio declares:
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'no i i ding those books, nor up till now have I put
Ihafhnon;l:vtr?;s‘;goi?cedgoptical device. Instead, following in the
teps Of oﬂfer Peripatetic philosophers of my group, I have considered as
B d deceptions of the lenses those things which other people have
Tliizii 11 stupendous achievements. (Galileo 1962, 336}
adl )

prankly, 1
any faith in

il espect for Aristotle, but only contempt for the
G?llfiz I;::uf;; i:l:ilogophers who, he was convinced, mindlessly
S asd him. More than anyone else, Galileo shaped the judgmen.ts
. ediet;al scholasticism for the centuries that followed. His
o IIIere widely read, and his reputation was enormous. And yet
- v;on should be kept in mind: Galileo’s attack on scholasticism
e ci::;eled against the scholastics of his time, in the dying days‘ of
waaievaﬂ scholasticism. During the thirteenth to fifteenth centuries,
E:fwe%er, medieval natural philosophers abandoned A.rist’otle’_s_u.\ter-
retations on numerous occasions. Unfortunately, Gahleq S cr1t1c:1s.ms
gf contemporary Aristotelians as slavish followers of Arlstlotle with-
out any significant thoughts of their own was extended in Elan;et
fashion to all scholastic natural philosophers .as far back as the t 11(;
teenth century. Thus was the whole of the Middie Ages condemne
as a sterile period in the intellectual life of Western Europe.

The nineteenth and twentieth centuries produced more of the same
attitude. For example, Francis Bowen, a professo_r of.nat‘ural rellglop
and moral philosophy at Harvard College, wrote in his history oflph%-
losophy that “Aristotelic premises were evoked to su.pp::)rt the(? ogll-
cal conclusions. Novelty was shunned, because it 1mmecl1atehy
incurred suspicion of heresy” (Bowen 1885, ?). Majny expounded the
Judicrous idea that any departure from Ans.totle? s thought was re-
garded as heresy, as did Harald Hoffding in his History of Mor.?em Phi-
losophy, first published in 1900. A remar.k_ by C}narles Smger,h a
well-known historian of science and medicine, V\Tlu concluge this
skeletal survey of anti-scholastic hostility. In 1941, Singer pu.bhshed a
brief book on the history of science in which he found_ occasion to de-
clare that “many attempts have been made to rehf;lbllltifte the intel-
lectual achievement of the Middle Ages. So far as science is concerne.d
they have been unsuccessful. There is no reason to reverse the c.lec1;
sion that in this domain the period is one of intellectual degradation

i 41, 161). N
(Sl-nEIjsl:i;]‘gl has no)w been said to convey a picture of ‘tradltlonal, r}eg-
ative attitudes toward the Middle Ages. Beginning in the late nine-
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teenth century, and continuing through the twentieth, medieval his.
torians—in contrast to those cited in the preceding paragraph, and
many others like them, who were largely ignorant of the Middle
Ages—began to present a more accurate sense of medieval history in
all its manifestations. In the history of science, Pierre Duhem was 3
pioneer in the study of medieval science and natural philosophy. His
ten-volume work, Le Systéme du Monde (published from 1913 to 1959),
covered the period from Plato to Copernicus but was mostly on the
Middle Ages. Many other scholars have followed in his footsteps, pro-
ducing a detailed picture of medieval science and natural philosophy.
What have the extensive research efforts on all aspects of the Middle
Ages produced? How have they altered the way we view the Middle
Ages?

Contrary to Traditional Misconceptions, the Middle Ages
Was an Innovative Period

Despite all the anti-medieval passages cited to this point, the Mid-
dle Ages was one of the most innovative periods in human history.
Significant advances were made in commerce and numerous other
fields. Among the innovations in technology were eyeglasses, the
magnetic compass, the mechanical clock, firearms and the cannon,
ship rudders, cranks to convert continuous rotary motion to recipro-
cating motion, and the printing press. Higher education saw the cre-
ation of the university. For the first time in banking, there were bills
of exchange, checks, and marine insurance. These advances in com-
merce were supplemented by the development of codes of maritime
law and the formation of joint stock companies. In medicine, human
cadavers were dissected for the first time for teaching purposes in
medical schools. Government changed with the rise of the nation state
and the creation of the Magna Carta as well as the English parliament,
the first representative government. The Middle Ages furthermore laid
the basis for the modern corporation, and in law, the foundation for
the Western legal system. Polyphonic music is a product of the Mid-
dle Ages, and it was during this period that the Arabic number sys-
tem was first adopted by the West. Medieval explorers expanded the
horizons of Europe as never before. The Vikings reached the shores of
Newfoundland around 1000, Before 1500, European explorers
Bartholomew Diaz and Vasco da Gama reached India by rounding the
Cape of Good Hope, followed a few years later by Christopher
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ached the New World and began the long period
. imperialism and colonization. Finally, and most relevant
of E"J{UPEM “* the Middle Ages, for the first time in the history of
o t}uﬁ 3 Qm‘:é?ame a society in which innumerable questions about
o raised and then resolved almost exclusively by the use of
e WGIFi éxtraordinary achievement laid the foundation for the ad-
feason.Th:i' of science, which depends upon reasoned analysis.
e ollectively, these are extraordinary achievements. Many
e :ﬁbuﬁons could be cited, but enough have been mentioned
g coxtlhat the Middle Ages were a fertile and inventive period dur-
.IU shﬁg h the foundations of Western civilization were laid and the
B ::-: ared for uninterrupted advancements over the next 500
i P‘;hESE significant achievements occurred within a Christian civ-
ﬂ;a:;on, although most had little to do with the rel‘igious .?spect‘s (?f
Christianity. One great exception concerns the phllOSF)phlcal disci-
Plfines of logic and natural philosophy, which were derived from the
an Greeks. Natural philosophy contained a dlfferenF account of t%'le
wE:)ngd than was found in the Bible. From its very beginnings, Chris-
tianity found this a problem that had to be .resolve.d. Ho_w shc.)uld
Christians view philosophical works and phl.los_ophlca.l dlSCLlS?lOI‘\S
ahout the world that might impinge upon Chr1:st1an belief? T’he issue
of the relations of science and Christianity derive .from the interplay
of doctrines of the Christian religion with pagan science, however one

may view that science.

Columbus, who e

RELIGION AND SCIENCE AMONG THE GREEKS PRIOR
TO THE EMERGENCE OF CHRISTIANITY

In the most general sense, this volume is a study Qf the .relations bg-
tween reason and revelation as embodied, respectively, in the.trad1~
tion of Greek philosophical thought and Chr?stianity. It is the
relationship characteristic of Greek learning acquired by' the natul:al
light of human reason, which stands in contrast to revelahon.—that is,
religious truths revealed by God and accepted on the bflSls of the
Christian faith. A number of church fathers, especially Sam.t Augus-
tine, emphasized the distinction between reason. and revelation. Nev-
ertheless, they believed in one truth. A truth arrived at by reason was
as good as a truth given by revelation. Thus, there was a basic agree-
ment between natural and revealed knowledge. There are, however,
certain revealed truths that are beyond reason and known only by
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faith. Certain revealed truths can be known by human reason, but oths
ers cannot. The existence of God, for example, is a revealed truth that
can also be known by reason; that is, the existence of God is Lhuughg
by many to be capable of proof by reason alone, independently of rgy.
elation. Revealed truths that cannot be known by reason are the Trin.
ity and Incarnation, which can only be objects of faith.

Although there were other radically different viewpoints, as we
shall see, the position just described encouraged Christians to believe
that pagan Greek philosophy and natural philosophy were useful ra-
tional tools to aid in the understanding of scripture. One of the great-
est and most influential Christian authors was Saint Augustine, who
insisted that revelation was superior to reason. As one historian of phi-
losophy has expressed it: “Augustine was never to forget that the
safest way to reach truth is not the one that starts from reason and
then goes on from rational certitude to faith, but, on the contrary, the
way whose starting point is faith and then goes on from Revelation
to reason” (Gilson 1938, 17).

Relations between science and religion in the early Christian world
of the late Roman Empire were really concrete instances of the broader
relationship involving reason and revelation. Few Christians in late
antiquity actually did anything that we might call science, but most
found they could not comment on the creation account in Genesis
without introducing natural philosophy into their accounts (see the
discussion of hexameral literature in chapter four). In this volume, I
shall emphasize natural philosophy, and to a much lesser extent, med-
icine. These were the disciplines that affected, and were affected by,
religion. I shall have relatively little to say about the exact sciences of
technical astronomy, optics, and statics, which were largely non-
controversial and did not stir the passions of theologians. Although I
shall use the expression “science and religion,” by science, I usually
mean the discipline of natural philosophy, and by religion, the disci-
pline of theology.

The long interrelationship between science and religion, with which
most college- and university-educated individuals have at least some
familiarity, cannot be traced back to the beginnings of civilization. Its
true beginnings, as we shall see, occurred with the advent of Chris-
tianity in the Roman Empire. This does not mean that there was no
connection between science and pagan religion prior to Christianity.
But the relationship was radically different from what was to come.
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The Role of Religion in Greek Science

ajpt long after the beginnings of science and natural philosophy in
Greece, the first known clash between science and religion in the pre-

'Chri"‘ﬁ an Greek world occurred, producing the first known victim of

religious persecution. In the time of Pericles, Anaxagoras of Clazom-

enne (¢ 500428 B.Cc.), the last of the Jonian pre-Socratic natural

philosophers and a friend of Pericles, was apparently persecuted for
jmpiety because he believed the sun was a mass of red-hot metal and
therefore, presumably not a divine celestial object. The charge of impi-
gty was probably brought by Pericles” enemies, who apparently saw
PA ...é-ogd_ opportunity to attack him, using the pretext of his friendship
with the atheistic natural philosopher Anaxagoras. This resulted in the
banishment of Anaxagoras from Athens. According to Diogenes Laer-
tius (fl. early third century A.p.), Anaxagoras committed suicide, as

we learn from this epigram:

The sun’s a molten mass,
Quoth Anaxagoras;
This is his crime, his life must pay the price.
Pericles from that fate
Rescued his friend too late;
His spirit crushed, by his own hand he dies. (Diogenes 1950, 1:145)

What all this reveals for the relations between science and religion is
that the Greeks of Anaxagoras’ time believed that the celestial region
was divine, and they therefore found reason to persecute Anaxagoras
when he dared proclaim the sun a mass of red-hot metal.

Another clash between science and religion occurred in the third
century B.C., when Aristarchus of Samos became the first to proclaim
that the cosmos is really heliocentric rather than geocentric. He dis-
placed the earth as center of the world with the sun, and then set the
earth moving around the sun with an annual motion while simulta-
neously rotating daily on its axis. In reaction to this revolutionary
move, Cleanthes the Stoic (263-232 B.c.), the second head of the Stoic
school, is reported to have charged Aristarchus with impiety, because
he removed the “hearth of the universe” from the center of the world
and set it into motion. Nothing happened to Aristarchus, and no such
charge was ever brought officially by any religious or governmental
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body. To my knowledge, no similar case arose in the Greek world priog
to the Christian era. It is noteworthy that these two instances Wera
both relevant to the physical structure of the universe, that is, to Cos-
mology.

More significant than these two rather isolated incidents involving
science and religion, but also concerned with the physical cosmos, aip
those relations that involved the attitudes of scientists and natural
philosophers toward divinity and the gods. The two greatest philosq.
phers of ancient Greece, Plato and Aristotle, who were both involved
with science and natural philosophy, had the most to say about the
interrelations of science and religion.

In his most scientific treatise, the Timaeus, Plato may have been the
first to assume that the world was created by a god, or Demiurge, from
disorderly, chaotic pre-existent matter using an eternal, non-physical
model of living creatures to fashion all living things. Plato’s Demiurge
probably represents a divine reason that makes a physical world from
unwieldy, uncreated matter. The Demiurge is not omnipotent but
seeks to fashion an orderly, rational world from matter that is recalci-
trant and difficult to shape. In the Timaeus, Plato sought to show the
world as an entity guided by reason. In his account, the Demiurge
makes the world as close as possible to the eternal model. Although
the physical world is but a copy of the model, it is the best possible
world that could be created.

Timaeus explains that the Demiurge created the world because he
is good “and in the good no jealousy in any matter can ever arise.”
Therefore,

being without jealousy, he desired that all things should come as near as pos-
sible to being like himself. . . . Desiring, then, that all things should be good
and, so far as might be, nothing imperfect, the god took over all that is visi-
ble—not at rest, but in discordant and unordered motion—and brought it
from disorder into order, since he judged that order was in every way the bet-
ter. (Plato 1957, 33)

Plato used most of the Timaeus to describe the natural phenomena of
our world, discussing a wide variety of topics, including the forma-
tion of the four elements and how numerous creatures of the world
function. Indeed, he included much that is physical and biological. In
all this, Plato was usually teleological; that is, he wished to show that
there is design in nature. Whether there is one god or many gods was

Introduction 17

i no concern to Plato. The issue of monotheism or polytheism did
@

nu;:;_:f;’c.le took a radically different path than Plato. Aristotle arrived

at his notion of God by a process of reasoning that involved causal ac-
tion. For Aristotle, change was a form of motion. Ev.erx motion in the
universe requires an external cause or agent. All bodles' in t'he universe
are subject to change, because they possess matter, which is elxlways_m
th process of changing. Aristotle regarded change and motion as in-
{erior to something that might be incorruptible and changeless. Was
there such an entity? Yes. Aristotle was convinced that the circular mo-
tions of the celestial bodies and all changes below the moon and on
the earth—that is, all change in the universe—were ultimately trace-
able to a single cause, which was itself unchangeable and immobile
and, therefore, perfect. In Aristotle’s system, this was God, which he
called the Unmoved Mover, or Prime Mover. Aristotle’s God is eter-
nal and incorporeal. He is located at the outermost celestial sphere,
the sphere of the fixed stars, for as Aristotle explains in discussing dif-
ferent senses of the term “heaven,” “we recognize habitually a special
right to the name ‘heaven’ in the extremity or upper region, which we
take to be the seat of all that is divine” (Aristotle, On the Heavens 1984,
1:462). Unlike Plato’s creator God, Aristotle’s God did not create the
world and has nothing to do with it. Although all things move in order
to get as close as possible to God, the Unmoved Mover, the latter has
no knowledge of their existence. In Aristotle’s view, the motion of
physical bodies in the universe is caused by contact between a mov-
ing agent and the body being moved—that is, contact between mover
and moved. But the incorporeal, Unmoved Mover does not cause mo-
tion in this way. It causes motion in a non-physical manner by being
an object of desire. God is loved by the outermost sphere of the fixed
stars as it moves round and round to get as close as possible to the
Unmoved Mover. Thus, the Unmoved Mover acts as a final cause be-
cause, with no effort or activity, it causes the celestial orb with which
it is associated to seek it as an object of love. Indeed, each celestial
sphere below the outermost sphere of the fixed stars—Aristotle as-
sumed fifty-four of them to make a grand total of fifty-five—had its
own incorporeal unmoved mover, which was often called an intelli-
gence. Of the fifty-five unmoved movers, the first one, which is far-
thest removed from the earth and is associated with the sphere of the
fixed stars, was regarded as the first among equals. Each of the fifty-
five spheres moves because it loves its unmoved mover, a concept that
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gave rise to poetic utterances that in one way or another proclaimeq

“’tis love that makes the world go round.” Motions in the celestial ry,
gion, by mechanisms that Aristotle failed to describe, cause all {hg
changes and movements that occur on earth and its environs.

Since Aristotle’s God did not create the world and has nothing iy
do with it, what does Aristotle’s God do? He engages in the highes}
activity possible, namely thought. But what does he think about? Hj
cannot think about anything outside of himself, because all sugh
things are changeable and therefore imperfect and necessarily inferioy
The Unmoved Mover must think only about changeless things. Henep
he thinks only about himself, because only he is worthy of his gwn
thoughts.

For Aristotle, as for most Greek natural philosophers, the celestial
region was divine, composed of a special incorruptible ethereal sib.
stance that suffered no change other than of position as it moved eter-
nally with a natural circular motion. Thus, Aristotle’s cosmos had
important divine characteristics. 1t was teleoclogical, because Aristotle
believed that all things exist for an end or purpose and that all things
strive to realize their full potential. But just as important, Aristotle had
a sense of awe and wonder about the universe that was certainly re-
ligious in tone.

Claudius Ptolemy (c. A.p. 100—. 170) was the greatest astronoiner
and astrologer of antiquity. His lengthy and monumental treatise the
Mathematical Syntaxis, which is known universally by its Arabic title,
Almagest, was the fundamental astronomical work used by all as-
tronomers until the sixteenth century. His work on astrology, the
Tetrabiblos, or “four-parted book,” was easily the most widely used
treatise on astrology during the Middle Ages in both Islam and the
Latin West. Indeed, it is still in use today. Ptolemy followed Aristotle
in dividing theoretical knowledge into theology (or metaphysics),
mathematics, and physics. However, where, Aristotle regarded theol-
ogy as the most important and highest branch of theoretical knowl-
edge, Ptolemy assigned that role to mathematics. Ptolemy asserted
that theology and physics “should rather be called guesswork than
knowledge, theology because of its completely invisible and ungras-
pable nature, physics because of the unstable and unclear nature of
matter.” He concluded that philosophers will never agree on these two
disciplines. But mathematics is radically different: “Only mathemat-
ics can provide sure and unshakeable knowledge to its devotees, pro-
vided one approaches it rigorously. For its kind of proof proceeds by
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methods, namely arithmetic and geometry. Hence we
to the investigation of that part of theoretical philosophy,
able to the whole of it, but especially to the theory
divine and heavenly things. For that alone is devoted to
» investigation of the eternally unchanging.” In Ptolemy’s judgment,
i my is 2 branch of mathematics. It makes men see clearly and,
dsﬁ?nﬂ,ery”fmm'the constancy, order, symmetry and calm which are
m?n;:{,_-{;i with the divine, it makes its followers lovers of this divine
i ty, accustoming them and reforming their natures, as it were, to
'EE:;E]'M spixitual state” (Ptolemy 1984, 36, 37). The superioriFy (?f
mathematics, and therefore astronomy, over theology an'd physics is
madle apparent when Ptolemy explains how mathematics can help
heology and physics.
ﬂt&%ﬁij’m thli?:-‘,,};t seems plausible to infer that for Ptolemy doing
mathematics or astronomy was akin to a religious experience. It was
the contemplation of the eternal and unchanging divine celestial n?—
gion that attracted Ptolemy and gave his astronomical research ethi-
cal dimensions. Ptolemy did not, however, reveal any further interest
in religion, such as in prayers, or rituals. He was only interested in ac-
kmowledging the divine in the unchanging aspects of the cosmos.
What is striking about the attitudes of Plato, Aristotle, Ptolemy, and
other Greek natural philosophers is that they did not worship the di-
vinities whose existence they assumed. The gods and divinities they
described in their physical treatises were abstract and remote. More-
over, there was no theology that analyzed or studied sacred texts, be-
cause there were no significant scriptural texts. Aristotle composed an
enormously important treatise on metaphysics, or theology, as he
called it, which later came to serve Christians in their difficult analy-
ses of sacred scripture. In the pagan world, Aristotle’s treatise on
metaphysics dealt with unchanging, incorporeal, and separate sub-
stances, the highest kinds of beings in the universe. But these beings,
often called intelligences, were little more than abstractions. Aristo-
tle’s metaphysics did not become a dominant analytical tool until it
was applied to the Christian God in late antiquity.

indisputable
wene drawn
as far as we were

cuﬂ[ﬁlﬂiﬂg

Science and Natural Philosophy in the Ancient
and Medieval Periods

G.E.R. Lloyd rightly explained that “science is a modern category,
not an ancient one. There is no one term, in Greek or Latin, that is ex-
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actly equivalent to our ‘science’.” Lloyd mentioned a number of Greek
terms “in which the ancients themselves describe what we should ca]
their scientific work.” They are terms that may be rendered in English
as “inquiry concerning nature,” “love of wisdom ” “philosophy,~
“knowledge,” and “speculation.” “Thus,” Lloyd continued, “a good
deal of what we know as early Greek science is embedded in philos-
ophy, and this remains true, though to a lesser degree, of the period
after Aristotle” (Lloyd 1973, xiii).

Just because the Greeks did not have a specific term, or terms, for
“science” does not, of course, mean that they were not doing science
in a manner that would be recognized as such by modern scientists,
If our goal is to describe the relations between science and religion
from early Christianity to the end of the Middle Ages, we must have
a reasonably good idea of what science was to those who were en-
gaged in such activities. There are those who believe that modern sci-
ence differs so radically from the science of late antiquity and the
Middle Ages that they would deny altogether that science existed in
these early periods. What, then, were they doing? The reply would
probably be natural philosophy, which was concerned with all aspects
of motion and change in the physical world, but was not itself a sci-
ence. It seems essential, then, to know what science and natural phi-
losophy were and, if science did exist, how, if at all, was it related to
natural philosophy?

In the chapter on Aristotle, I shall describe his division of knowl-
edge and show how he related metaphysics (or theology), mathemat-
ics, and natural philosophy. Here we need only mention that Aristotle
distinguished the mathematical sciences—astronomy, optics, and me-
chanics—from natural philosophy. The mathematical sciences—or, as
we would call them, the exact sciences—fell midway between natural
philosophy and mathematics and were therefore regarded as middle
sciences by Aristotle and his medieval followers, who used the Latin
phrase medige scientiae—literally “middle sciences.” They were also
called “mathematical sciences” (scientiae mathematicae). Aristotle rec-
ognized that the middle sciences involved the application of mathe-
matics to natural phenomena. But he believed the middle sciences
belonged more to matheratics than natural philosophy, a theme that
was discussed further in the Middle Ages. Those who wish to deny
the real existence of science in the Middle Ages would do well to re-
member that astronomy in the Middle Ages was regarded as a science
and actually called a science, albeit a middle, or mathematical science.

Moreover, it was usually known by the Latin term astronomia, from
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fhich, of course, we derive our modern name for the science of as-
which, 3

my. The practitioners of medieval astronomy were not, however,
trono ¥
{ronomers. ‘ _
mﬂegl:sexact sciences such as astronomy and geometrical optics were
1 categorized as belonging to natural philosophy, what did belong
ne

to that discipline? All phenomena in the heavens and on earth, both

arémate and inanimate, that moved and changed were regarded as the

legitimate province Qf natural.philosophy. Th_is includedhphenorilena
wa would today assign to various moderr} sciences, such as geology,
meteorology, physics, cosmology, che_mxstry, l.alology, and others.
When scholars in the ancient and medieval periods dfscussed earth-
wakes and other motions of the earth, those would be mcluded. today
in the discipline of geology; motions of the tides woulcll be congldered
oceanography; how the four elements {earth, water, air, and f'lI'E). be-
come different compounds and how those compounds change into
other things would belong to chemistry. Many othe.r examples could
be given, but these should suffice to convey the idea that natura}I
philosophers considered problems that belong to many Ir}odem sci-
ences, éven though neither the names of these modern_saencesi nor
the sciences themselves, existed in the ancient and med_u_eval perloc‘ls.
QOnly the phenomena did, many of which were identified and dis-
cussed in a variety of contexts, usually within the framework of a trea-
tise on natural philosophy. . .

We may conclude from this that there were a few‘ recognized sci-
ences in the period with which we are concerned. During the late Mld—
dle Ages, following Aristotle, sciences, such as astronomy and optics,
were called middle sciences, or mathematical sciences. The term me-
diae scientiae, as we saw, was used to identify these few mathemati-
cal sciences. Thus, the medieval Latin term scienfin was used for
mathematical astronomy, geometric optics, music or harmon'ics, and
mechanics, especially statics, which was known as the ”SC..‘IEIICG of
weights” in the Middle Ages. When these disciplines are discussed,
we are justified in translating scientia as science. Contraryr to a com-
monly held opinion, the word science was not first used in the nine-
teenth century but was first employed, in a limited sense and in its
Latin form in the late Middle Ages. .

As we just saw, the subject matters of many other modern sciences
were immersed in the literature of natural philosophy but not identi-
fied with any science. Bits and pieces of many sciences were c.iiscuss‘ed
in the literature of natural philosophy over the 1,500 years with which
we are concerned. In the seventeenth to nineteenth centuries, many
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sciences came into being with their modern names. Some, if not many,
of them, first appeared in the literature of natural philosophy during
the ancient and medieval periods. It is, therefore, quite appropriate to
regard natural philosophy as the mother of all sciences.

Natural philosophy considered many questions relevant to one
modern science or another and also considered many questions that
bear no relationship to any modern science. For example, whether the
whole earth is habitable and whether the earth is spherical are ques-
tions relevant to geography. Some questions properly belong to as-
tronomy and cosmology including, for example, (Grant 1974,
199-210)

whether spots appearing in the moon arise from differences in parts of the
moon or from something external;

whether the mass of the whole earth—that is, its quantity or magnitude—is
much less than certain stars;

whether a comet is of a celestial nature or [whether it is] of an elementary
nature, say of a fiery exhalation;

whether it is possible that there are several worlds (Grant 1974, 204, 205, 207).
Other questions are pertinent to physics, including

whether the existence of a vacuum is possible;
whether, if 2 vacuum did exist, a heavy body could move in it;
whether, in local motion, velocity is measured according to distance traversed;

we inquire what it is that moves a projected body upwards after separation
from what has projected it;

whether motion could be accelerated to infinity (Grant 1974, 201-203),

There were also questions on optics, a branch of physics, as we see in
these questions:

whether every visual ray is refracted in meeting a denser or rarer medium;
whether every visual ray is reflected when it meets a denser medium;

whether a halo could be produced by refraction of visual rays (Grant 1974,
208).

Many questions are not relatable to any particular science or sciences,
including, for example,
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whether the generation of one [thing] is the corruption of another;

whether augmenta tion is generation;

whather that which is increased in augmentation remains the same before
and after;

whether every corruptible thing has a definite period of duration (Grant 1974,
206).

Itis obvious that the mother of all sciences was never itself regarded
as a science but was, nonetheless, a storehouse of discussions on sci-
entific themes and problems. It was, as we shall see, also a repository
for hypothetical questions that compelled natural philosophers to
cope with imaginary conditions that required the application of Aris-
totelian ideas to concepts and ideas that were alien to Aristotle. From
these sources of knowledge, natural philosophy, not the exact mathe-
matical sciences, generated discussions relevant to monotheistic reli-
gions. The exact sciences did not contain material at which religious
authorities could take offense. In the West, it was always certain as-
pects of natural philosophy that prompted some religious authorities
to react with fear and suspicion. The offensive parts, as we might ex-
pect, were those that conflicted with, or subverted, scripture.

Ihope that I have made it clear that when I speak of the history of
the relations between science and religion, I am almost always speak-
ing about natural philosophy and theology. But who were the prac-
titioners of natural philosophy and science in the ancient and
medieval periods? What were they called? The only name that we
recognize today is that of physician or doctor. Since the days of Hip-
pocrates, all the way to the end of the Middle Ages, there have been
recognized doctors and physicians. But the familiarity ends there. Be-
cause there was never a recognized class of scientists doing scientific
research, there is no name for this group. To understand why this is
s0, we must understand how science and natural philosophy were
done, and by whom. Doing science was quite different from doing
natural philosophy.

What science there was in the period from the rise of Christianity
to the end of the Middle Ages was carried out by individuals usually
working alone and perhaps consulting with someone they might
know who had similar interests. They would, of course, have read
some of the literature relevant to the scientific topic or theme they
were pursuing. Occasionally royal courts supported a person who had
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a reputation in optics, astronomy, or medicine, or in natural philoso-
phy. Among the most famous of medieval royal patrons are Emperoy
Frederick II of the Holy Roman Empire (a.p. 1215-1250) and King
Charles V of France (a.p. 1364-1380). Indeed, physicians could always
be found at royal courts. Apart from medicine, science was a periph-
eral activity. Those who engaged in such activities usually supported
themselves, probably in some professional capacity. They might have
been teachers, or because they could read and write, they could have
performed clerical services for a king or nobleman, or municipal gov-
ernment. Indeed, they might also have been clergymen, as Roger
Bacon was. Those who did science were not called scientists; those
who did geometrical optics were sometimes called perspectivists,
largely because the discipline came to be called by the Latin term pers-
pectiva. More often, they were not referred to by any disciplinary
name.

Science in the late ancient and medieval periods was, however, rad-
ically different from modern science. Although some interesting ex-
periments were carried out, they were relatively rare occurrences and
certainly did not constitute a recognized aspect of scientific activity.
Few claims were tested objectively. The experimental method did not
yet exist. The mathematical sciences, however, were presented with
the same kind of rigor as a modern treatise in mathematical physics.
Treatises in geometrical optics and in statics were rigorously mathe-
matical and based upon some empirical evidence. A thirteenth-
century treatise on statics by Jordanus de Nemore, titled Oy the Theory
of Weights, is a model of scientific procedure and mathematical rigor.
It was from medieval versions of such works that the disciplines of
optics and statics were greatly advanced in the sixteenth and seven-
teenth centuries. Medieval treatises in optics and statics form a legit-
imate part of any history of mathematical physics.

Religion and the Mathematical Sciences

The interrelationship between the exact mathematical sciences and
religion and faith is decidedly one way: it was the exact sciences that
could exert influence on theology and religion, but there was virta-
ally no feasible way that religion could influence the content of the
mathematical sciences. In statics, for example, Jordanus de Nemore’s
On the Theory of Weights is utterly devoid of religious content, or any-
thing that might be construed as pertinent to religion. The same may
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he said of astronomical treatises, as, for example, szrnpanus of No-
yara's Theory of the Planets (Theorica planetarum), a thlrteenth-'century
ireatise that sought to present the great Ptolemaic astronomical sys-
tem to the Latin Middle Ages. The book is a highly technical, mathe-
matical account of Ptolemy’s astronomy, which enabled many
medieval scholars to learn about the quantitative motions c_>f the plan-
gls (Campanus of Novara 1971). But it afforded no plau51b.le oppor-
tunities to relate religion to astronomy, or vice versa. In optics, l?oger
Bacon wrote treatises that were either wholly on geometrical optics or
in which geometrical optics played some role. And yet there is noth-
ing about theology or religion in two of his major treatises, On the Mu_l-
tiplication of Species and On Burning Mirrors (Lindberg 1983). This is
especially significant because Bacon firmly believed that the exact
mathematical sciences were essential for theology and religion and
that one could not be a knowledgeable theologian without studying
these subjects. He was especially enthusiastic about geometrical op-
tics because he believed the discipline was capable of illustrating spir-
itual truths. He was convinced, for example, that an incident ray is a
certain kind of ray just as refracted rays and reflected rays of geo-
mefrical optics were useful in explicating and interpreting the spiri-
tual infusion of grace (Bacon 1928, 1:238-239). But none of this played
a role in his relevant optical treatises. Optics did, however, play a role
in theology. Optical questions were discussed in basic theological trea-
tises, in which theologians invoked the role of light in the creation and
pursued a variety of themes about vision (see Lindberg 1976, 139-142).
But these were instances of the application of geometrical optics, and
to a greater extent natural philosophy, to theology. But optical dis-
cussions in theology had no effect or influence on geometrical optics
during the late Middie Ages.

In contrast to the mathematical sciences, natural philosophy was di-
rectly affected by theology and religious doctrines, no doubt because
itembraced motion and change in physical bodies throughout the uni-
verse. The central core of medieval natural philosophy consisted of a
number of works by Aristotle that ranged over problems in physics,
chemistry, meteorology, geology, cosmology, and biology. The numer-
ous problems of late medieval natural philosophy were drawn from,
or were based on, these Aristotelian works. Although natural philoso-
phers wrote treatises on a wide variety of themes, the most wide-
spread format, which was used in the universities, involved sequences
of questions on one of Aristotle’s treatises in natural philosophy.
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THE PROPAGATION OF SCIENCE

The dissemination of science and natural philosophy in the ancieng
and medieval periods was a difficult and uncertain process. All trea-
tises in late antiquity and the Middle Ages were written in ink op
paper made from papyrus or rags. This remained so until the inven-
tion of movable type by Johann Gutenberg in the mid-fifteenth cen-
tury. It is enormously difficult for modern readers who have never
examined and studied medieval manuscripts to comprehend the
monumental difficulties that were normal and routine. It will be use-
ful to describe those difficulties.

During the Middle Ages in Western Europe, a copy of a treatise wag
usually made by a copyist, or scribe (see Figures 1.3 and 14). In the
scribal culture of pre-printing days, scribes laboriously copied a work
or treatise from a version they owned or to which they had access,
Not only was this a slow process—despite a system of abbreviations
that facilitated the process—but it was also virtually inevitable that
the new copies would diverge from the original. No two copies would
be identical. A scribe whose task it was to make five or ten copies of
the same treatise would inevitably produce five or ten copies that dif-
fered in various ways from the original and from each other,

Over the years and centuries, popular works were copied many
times. Modern scholars who wish to print editions of such works as-
semble as many of the manuscript copies of the work that they can
find in the libraries of Europe and in private collections. When this is
done, they inevitably discover that the copies differ from each other
in many small and large ways. Words, and almost as often, whole sen-
tences, are omitted from some copies. The words that are omitted from
one manuscript copy will usually differ from the words omitted in an-
other copy. The same may be said for whole sentences; sometimes en-
tire paragraphs or pages are omitted and even whole sections of some
works. The best results were probably obtained when numerous
scribes were gathered together in one room and someone dictated the
text to them. Greater uniformity and fewer errors were the probable
results of this procedure. Such a method was employed largely at uni-
versities and colleges, where there was a ready market for the texts
that were selected for dictation. Of hand-copied treatises and docu-
ments, we can confidently assume that a reader of a manuscript copy
of a work in Paris knew that he was reading a variant version of the
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Figure 1.3. The opening page of Nicole Oresme’s Lati.n treatise, The_ Com-
mensurability or Incommensurability of the Celestial Motions. (F_rom Paris, B‘Ib-
liothéque Nationale, fonds latin, 7281, fol. 259r. The manuscript was copied
sometime in the fifteenth century, probably after 1420.)
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Figure 1.4. A page of text, with diagrams, from Nicole Oresme’s mathematical treatise,
On the Configurations of Qualities and Motions, (From Florence, Biblioteca Nazionale Cen-
trale, Fondo Coventi Soppressi J.1X.26, fol. 15v. The manuscript was copied around 1500.)

same treatise that another scholar was reading elsewhere in Paris, or
perhaps in Oxford, Rome, Heidelberg, or Amsterdam. The differences
between those texts might be large or relatively small. But one could
be confident that they differed.

In scientific and mathematical texts, the dangers of scribal errors
were much greater than in straightforward verbal texts. Diagrams and
tables were essential parts of astronomical and mathematical texts. In
copies of Euclid’s Elements, for example, copies made and used by stu-
dents and scholars in different European universities varied signifi-
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cantly. Certain diagrams might be omitted in some copies and in-
cluded in others. Even diagrams that were included might be ren-
dered unusable, or misleading, because the scribe mislabeled them.
Moreover, there was the enormous problem of legibility. In many man-
uscript copies, the handwriting of the scribe is difficult to read or

fargely illegible. Under such circumstances, it is virtually self-evident
that reliance on hand-copied manuscripts made doing science in the
Middle Ages an extremely difficult task. It is rather remarkable that
the study of science, natural philosophy, theology, and literature was
as coherent and intelligible as it was. Scholars and students were
somehow able to derive the essential features of the treatises they
studied, read, taught, and wrote about. Although efforts were made
to improve the quality of manuscript copies, it was virtually impossi-
ble to produce copies that were substantially identical. All implicitly
recognized that the text of a given treatise would inevitably vary as
more copies were made and more and more errors were introduced.

The advent of printing from movable type changed all this. One
could now be confident that those reading scientific texts in Paris,
Rome, and London were reading identical copies if those copies were
printed by the same publisher in the same print shop. Printing from
movable metal type made possible the dissemination of reliable
knowledge on a massive scale in ways that were previously impossi-
ble. Books on science and medicine were now rapidly made available
in identical copies throughout Europe. The plates, diagrams, and ta-
bles in a given book were the same in all copies. The advantages of
printed books over hand-copied books cannot be overestimated. The
printed book transformed learning in Europe not only because it in-
troduced uniform standards, but also because it greatly increased the
speed by which learning was disseminated. The invention of printing
from movable type may have been the most important contribution
to the advance of civilization made in the second millennium. The
transition from hand-copied documents to printed documents was far
more revolutionary than the transition from the typewriter to the com-
puter.

Despite the difficulties of composing and disseminating treatises on
science and natural philosophy during the late ancient and medieval
periods, scholars have been able to construct a reliable account from
the range of documents relevant to the theme of this book. To indi-
cate the themes that will be pursued in this volume, I now present a
thumbnail sketch of chapters two to eight.
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BRIEF DESCRIPTIONS OF CHAPTERS 2-8

Chapter 2: Aristotle and the Beginnings of Two Thousand
Years of Natural Philosophy

The relations between science and religion in the late ancient and
medieval periods were intimately bound up with the works of Aristo-
tle (384-322 B.c.), the great Greek philosopher and scientist of the
fourth century B.c., to whom were attributed treatises on such diverse
subjects as rhetoric, logic, poetry, politics, zoology, scientific method,
and natural philosophy. Of these disciplines, natural philosophy, or
physics, as it was frequently called, is the most significant for the re-
lations between science and religion. As we have already seen, the
exact sciences, such as mathematics, astronomy, optics, and mechan-
ics, contained little that was offensive to religious authorities and
theologians. But natural philosophy—Aristotle’s natural philosophy—
contained much about the physical cosmos that directly conflicted with
Christian ideas about the world and its operation. To appreciate and
understand this, it is essential to know who Aristotle was, what he
wrote, and why he was the most important figure in the history of sci-
ence and natural philosophy until the seventeenth century.

Chapter 3: Science and Natural Philosophy in
the Roman Empire

I shall begin with a non-technical summary of Greek science as a
whole from around 400 B.c. to the establishment of the Roman Em-
pire. The status of science and natural philosophy in the period of the
Roman Empire was the science and natural philosophy that Chris-
tianity encountered in the first centuries of its existence. Because Ro-
mans contributed little to science, Christians were surrounded
essentially by Greek science and natural philosophy, both of which
continued to be developed and advanced in this period.

Chapter 4: The First Six Centuries of Christianity: Christian
Attitudes toward Greek Philosophy and Science

Christianity was born into an intellectual world that was dominated
by secular Greek thought. Christians had a scripture that they began
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to explicate and interpret. Was that sufficient? What should their atti-
tude be toward Greek science and natural philosophy, which gave a
different interpretation of the world than did the Bible? Was it im-
portant for them to know about a view of the world that was essen-
tially secular? Could such knowledge be of any use? The church
fathers and other Christians debated these issues, and from those de-
bates emerged the important concept of science and natural philoso-
phy as “handmaidens of theology.” That is, pagan, secular {Greek)
science was to be studied and used only to the extent that it served
the purposes of religion; it was not to be studied for its own sake.
What is of great significance, however, is the fact that secular science
could serve an important function for Christians: It would provide the
tools to analyze God’s creation.

Christians also found themselves using natural philosophy to ex-
plicate the creation account in Genesis. Such works were known as
hexameral treatises, which literally means “the six days.” An account
of some of these important treatises will be included in this chapter.

Chapter 5: The Emergence of a New Europe after the
Barbarian Invasions

After briefly describing conditions in Western Europe from ap-
proximately 600 to 1000, I shall depict the new intellectual circum-
stances that developed in the eleventh and twelfth centuries. This will
include a description of the new cathedral schools and their curricula,
which will be followed by a summary account of the new attitude that
emerged toward traditional Church authority in the treatment of nat-
ural phenomena. An important feature of this new approach concerns
dramatic developments in the approach to theology, developments
that set the stage for theological commentaries over the next five cen-
turies and which would involve natural philosophy.

Chapter 6: The Medieval Universities and the Impact of
Aristotle’s Natural Philosophy

I shall first briefly describe the influx of new knowledge into West-
ern Europe by way of translations from Greek and Arabic into Latin.
This will be followed by a general account of the structure and cur-
riculum of the medieval university, primarily focused on the Univer-
sities of Paris and Oxford. For the remainder of the chapter, I shall
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focus on the negative reaction of some church authorities to Aristg-
tle’s natural philosophy, a resistance that culminated in the Condem-
nation of 1277 in Paris.

Chapter 7: The Interrelations between Natural Philosophy
and Theology in the Fourteenth and Fifteenth Centuries

To describe the interrelations between natural philosophy and the-
ology, I shall first explain how theology influenced natural philoso-
phy, showing the degree to which theological and religious ideas
penetrated natural philosophy, and then show the converse—the ex-
tent to which natural philosophy influenced theology.

Chapter 8: Relations between Science and Religion in the
Byzantine Empire, the World of Islam, and the Latin West

I conclude the volume with a comparison of the way science and
religion interacted in the Byzantine Empire, the Islamic world, and the
Latin West. In this comparison, readers will see how the broad cul-
tural and governmental structures of a civilization affect the way it
shapes the relations between science and religion. A vital element in
the long-term relationship between science and religion is the separa-
tion of church and state. Christians wanted the state to leave them
alone to worship as they pleased. Hence they advocated a separation
of church and state, which became an inherent feature of the relations
between the two entities long after Christianity became the state reli-
gion. This stood in sharp contrast to the Byzantine Greek Orthodox
Church and to Islamic Society. Other characteristics will also be ex-
plored, especially the role science and religion played in education.

Chapter 2

Aristotle and the Beginnings of
Two Thousand Years of Natural
Philosophy

LIFE

Aristotle was born in 384 B.c., in the town of Stagira, which lay in
Macedonia in northern Greece. His father, Nicomachus, was a physi-
cian in the service of King Amyntas of Macedon; his mother, Phaestis,
was a woman of independent wealth (Barnes 1995, 3; Sarton 1952,
470-473). In 367, as a lad of seventeen years of age, Aristotle moved
to Athens to study with Plato in the Academy, where he remained for
twenty years until the death of Plato in 347. During those twenty
years, it is plausible to assume that Aristotle heard, and participated
in, important philosophical discussions involving some of the great-
est minds of the time. The themes that were debated must surely have
ranged across issues that were dear to Plato, such as metaphysics,
ethics, logic, politics, and epistemology. And although physics and
cosmology were not themes to which Plato devoted much time and
effort, Aristotle would likely have had occasion to engage in discus-
sions about those subjects.

With the death of Plato and the emergence in Athens of anti-
Macedonian sentiment, Aristotle, who never became an Athenijan citi-
zen, departed Athens and traveled to the coast of Asia Minor. There he
lived first in Assos, where he married Pythias, the niece of the tyrant
of Assos, Hermias (Sarton 1952, 473). He moved next to Mytilene, on
the island of Lesbos, where he met Theophrastus, who became an im-
portant friend and future colleague. During his approximately four
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.. echolars have focused their attention on the thirty works re-
e S eri istotle. Let how th ks are re-
garﬁ’-‘d as genumely by Aristotle. Let us see how these works are re
H’_’ﬁeg;u outset, we confront a puzzle about the true nature of the
ﬁﬂ.ﬁmfeliﬂ.l"i texts. Upon. Aristotle’s. death, .his librar).r, which includef:l
» large number of treatises ostensibly written by him, passed to his
friend Theophrastus, who became the new head of the Lyceum, and
who subsequently passed the library to his nephew, Neleus, who
took it to Scepsis, a city in Asia Minor. There, Neleus buried the col-
Jection in a cave. For two centuries, the manuscripts lay rotting in that
cave and were then rediscovered and taken to Athens, then to Rome,
where they came into the possession of Andronicus of Rome (first
century B.C.). Andronicus, who was an Aristotelian philosopher, ed-
ited the manuscripts around 70 B.c. and in so doing prepared the
basic edition that is still in use today. Jonathan Barnes has asked,
#What did Andronicus do? How did his edition—how does our edi-
tion—differ from what Aristotle actually wrote? The answer roughly
put, is probably this: Andronicus himself composed the works which
we now read” (Barnes 1995, 10-11; also Montgomery 2000, 7-9, for
further details).

How are we to understand this startling statement? Andronicus did
not actually write the works, but by editing them, he gave them the
form they have today. The works in their present form were thus not
written by Aristotle, or even by his pupils and colleagues in the
Lyceum. Who, then, did compose the original works that Andronicus
edited? What did Aristotle actually write? These questions have been
hotly debated since the nineteenth century. We shall not attempt to
answer them here. It has been suggested that Aristotle’s works in the
form we have them were probably lecture notes or drafts of his lec-
tures. Over the years, and for a variety of reasons, Aristotle undoubt-
edly made changes in his notes, which may account for the
unpolished and uneven style of his texts. Later members of the
Lyceum may have edited some of his treatises, and Andronicus of
Rhodes certainly did.

There is also the problem of the chronology of Aristotle’s works.
What was the order of his works? Can this be determined? For nu-
merous reasons, it is not likely that we shall ever be able to ascertain
the chronology of his works with any reasonable degree of confidence.
Questions about Aristotle’s texts—authorship, chronology, and au-
thenticity—emerged in the late nineteenth century and have attracted
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the attention of scholars ever since. But in a study about the history
of natural philosophy, in which Aristotle is the paramount figurg,
those problems are of little consequence. During the lifetime of Arjg,.
totelianism as a viable philosophy, and even beyond into the nNine.
teenth century, such considerations were never raised. It did not oceyy
to medieval scholars, for example, to question the authorship of such
texts. Even if they had known that Andronicus of Rhodes edited the
works of Aristotle, they would not have found that any reason to ques-
tion the veracity of Aristotle’s authorship. Moreover, they were never
concerned about the consistency of this or that particular treatise; nor
did they inquire whether someone-——Andronicus, for example——might
have rearranged and interpolated passages. No one suggested that
Aristotle’s treatises were really the collective product of many mindg
at the Lyceum. Such problems and questions never arose. Until the
late nineteenth century, the great philosopher Aristotle, regarded ag
the dominant intellect of antiquity and the Middle Ages, was as-
sumed, without question, to have written the texts attributed to him,

In fact, no one to my knowledge raised questions about the chronol-
ogy of Aristotle’s works. In the modern age, it has been rightly as-
sumed that Aristotle’s ideas must have evolved and that this would
be somehow reflected in his works. If statement A in one work con-
flicts with statement B in another treatise, modern scholars assume
that Aristotle changed his mind. Thus, if one can determine that state-
ment B was made subsequent to statement 4, it would follow that the
section containing B was written after the section containing A, and,
therefore, perhaps the work including section B was written after the
work that includes section A.

Questions about the chronology of Aristotle’s works did not really
arise until the late nineteenth century. His works were approached as
if they had been composed in a timeless manner. Inconsistencies of
the kind described in the preceding paragraph would have been re-
solved by somehow reconciling the two conflicting statements, or by
ignoring them. And above all, despite the legitimate concerns of mod-
ern scholars about the nature of Aristotle’s authorship, or whether he
should even be regarded as the author of the many treatises attributed
to him, philosophers and scientists who used them in late Greek an-
tiquity, in Islam, and in Western Europe from the late Middle Ages to
the end of the nineteenth century, assumed, without reservation, that
the philosopher Aristotle was the undoubted author of them all.
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ACHIEVEMENTS

Aristotle i§ probably the most significant figure in the history of
tern thought up to the end of the sixteenth century. The range 'of
e ; he treated in his extant writings is extraordinary, and the wis-
i Iwand insight he reveals is rather amazing for someone who lived
fﬂ;e fourth century B.C. We can best appreciate Aristotle’s cFmtribu-
.ons when we view them against the background of his role in West-
go-nthoughf. As G.E.R. Lloyd explains: “To attempt to cover the history

of Aristotle’s influence on subsequent thought in full would be not far

short of undertaking to write the history of European philosophy ar:ld
science, at least down to the sixteenth century” (Lloyd 1968, 306).. Aris-
totle’s contributions are nothing less than monu_mental. Llo.yd rightly
declares that “the idea of carrying out systematic research is one that
we in the West owe as much to Aristotle and to the L'YCELIII"I as to any
other single man or institution” (Lloyd 1968, 287)'. 'Anstotle s research
programs are exhibited in his biological and political WFJrks. Indet?d,
he is the founder of biology as a discipline. Not only dl'd l.1e do pio-
neering work in biological classification, but his descnp.tmfl of the
habits and behavior of certain species still elicit the admiration, and
gven awe, of modern zoologists.

In the History of Animals, we see Aristotle at his best as an obse'rver
and recorder of animal behavior. Among his numerous especially
noteworthy descriptions are those of the torpedo fish, or stingray, 'the
breeding habits of bees, as well as embryological data about the chick,
the placental shark, and cephalopods (Aristotle 1984, 966; 970-976;
883-884; 889, 855-856; see also Sarton 1952, 537-545). Aristotle exam-
ined chick embryos, for example, by breaking open one egg every day
and observing the progress of the embryo. On the third day, he ob-
served the beginning of an embryo and noted that “the heart appciars,
like a speck of blood in the white of the egg”; on the tenth day, “the
chick and all its parts are distinctly visible” (Aristotle 1984, 883). :Al-
though Aristotle knew that most fish produce their young by lay}ng
eggs, he recognized an important exception in the placental dog ﬁsh,
a member of the selachian group, which brings forth its young alive.
It does this by laying eggs in the womb, whereupon the eggs })ecome
attached to the womb by a navel string (Cohen and Drabkin 1948,
420). Most were skeptical of Aristotle’s claim until 1842, when Jo-
hannes Miiller, the great German biologist, showed that Aristotle’s ob-
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servations were cor .
internal parts of 110rae:~:|f1' I’(nSalrlfor; 195?, 541-542). Aristotle described the l motis summation of labour we owe even our common knowledge. I
als, of which he may have dissected as my ﬂq;nnlﬂ Arigtotle could know what a Defender of the Faith he had found in

g, Believe me, my dear Dr. Ogle,

least, Ari i :
Aristotle dltc,sected the eye of 5 chick, the eye of a mole, ang th Yours very sincerely,
e Ch. Darwin

1
gii’if‘i})zﬂ—ef;?iological work . . If Aristotle is the founder of biology, he is also the universally ac-
S T— e ; were shfll influential and current in the knowledged inventor of formal, syllogistic logic. His logical treatises
(a.0. 18171878, a, ributes to him revea], George Henry Leweg are known as the Organon—tool or instrument—and consist of six
naturalist who carefully studied Aristotle’s bio]g works: the Cafegories, which treats of terms that signify things; On

ical treatises, wa, i i ; R ics. i

§ particularly !mpressed by Aristotle’s O the Gener. Interpretation, which is concerned with propositions; Topics, in eight
books. which is concerned with non-demonstrative reasoning and
shows how to conduct effective arguments; Sophistical Refutations,

II: 111-51 z;‘;;i:};’;gm?e}:;ﬁtéﬁsﬁn N;) anc:;ent, and few n.wdern works, equal which is a collection of 'fallacies. The ﬁn‘:ﬂ two, the Prior A_nalytir:s
find some of the obscurest proble Izgofpgfofund Speculatl've insight. We there and the Posterior. Analytics, are the most important. T.'he Prior An'a-
when we consider the con dition of scior. :E}tf :;eitzd Wl‘t‘h a mastery which, lytics contains Aristotle’s greate.st contrl_but}on to the history of logic,
That there are many errors, many deficiencies a.n?i aty, ;b truly astounding, namely the theory of the syllogism, which is the theory of deductive
the admission of facts, may be readily ima l.I’,'e d- l:::’ at Iittlle_cafeleﬁsneSS in inference and usually consists of two premises and a conclusion. Not
work is frequently on 4 Jevel with, and occasiinall)’r ev::rrissse:;' . ttl;n sy only was Aristotle the first to present a formal analysis of the syllo-
ulations of many advanced embryologists. (Lewes 1864, 325: ci?:c’ie § ESPEC- ism, but he also "invented the usef of SChEI.nEfII:IC letters” (Barnes
1952, 540) B Rk 1962, 30). As Jonathan Barnes explains, “Logicians are now so fa-

miliar with his invention, and employ it so unthinkingly, that they
may forget how crucial a device it was: without the use of such lef-
ters logic cannot become a general science of argument. The Prior
. Darwi Analytics makes constant use of schematic letters” as is evident early
February 22, 1885. “You must let 1;11 if;;]i Ie(‘)tte; " ;hanks fo Ogle on on M‘F!;TIEII Aristotle presents the classic case of the syllogism: “If A is
the introduction to the Aristotle book has yivlénort S];leasure WhI.Ch predicated of every B, and B of every C, A must be predicated of
who then declared (Sarton 1952, 545): 8 e began Darwin, every C” (Aristotle 1984, 41). Finally, there is the Posterior Analytics,
wherein Aristotle presented his theory of scientific demonstration or
scientific method and used the mathematical sciences as his primary
model.
. In addition to his work in biology and logic, Aristotle constructed
T0m quotations which I had S i ; . , a system of the cosmos that endured for more than 2,000 years, in
its, but I h i 24 & high notion of Aristotle’s mer- thrZe different civilizations and cultures. His discussions of n):otion in
the Physics set the stage for subsequent controversies that resulted in
, also, his ig- medieval advances and u!timately led to the works of Galileo and
that you have - Newton. In his b}-ief Poetics, Aristotle established the categqries of
takes atteibuted 1 o Im S0 probable a manner some of the grossest mis- drama that are still accepted, namely “Tragedy, Comedy, Epic, and
M. ! never realized, before reading your book, to what Lyric” (Oesterle 1967, 455). Within the category of Tragedy he distin-
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guished six elements: “plot, character, thought, diction, song, a
spectacle” (Oesterle 1967, 456). As one author put it, “after tw’un?fi

twp centuries it remains, the most stimulating and helpful of aJ] 5
lytical works dealing with poetry” (Cooper 1956, 3). His ideas nhnﬂ-
politics and ethics formed the basis of discussions in those areq -
early modern times. >
It is difficult to overstate Aristotle’s significance for Wes)
thought. His contributions can be summarized in many ways. A he'm
account by A.E. Taylor will suffice: Y

It has not been the lot of philosophers, as it is of great poets that their ng
_should become household words. . . . Yet there are a few philosophers wl-:-::,*.
influence on thought and language has been so extensive that ne one WhE
reads can be ignorant of their names, and that every man who speaks the ];m0
guage of educated Europeans is constantly using their vocabulary. Amon !
this few Aristotle holds not the lowest place. We have all heard of him as wg
have all heard of Homer. He has left his impress so firmly on theolog,y thaet
many of the formulae of the Churches are uninteiligible without acquaintance
with his conception of the universe. If we are interested in the growth of mod-
err.l science we shall readily discover for aurselves that some knowledge of
Aristotelianism is necessary for the understanding of Bacon and Galileo and
the other great anti-Aristotelians who created the “modern scientific” ’view
of Nah‘n'e. If we turn to the imaginative literature of the modern languages
De?nte 1s a sealed book, and many a Ppassage of Chaucer and Shakespeare ané
Milton is half unmeaning to us unless we are at home in the outlines of Aris-
totle’s philosophy. And if we turn to ordinary language, we find that man
of the familiar turns of modern speech cannot be fully understood withoutz
knowledge of the doctrines they were first forged to express. An Englishman
who speaks of the “golden mean” or of “liberal education,” or contrasts the
”rrtatter” of a work of literature with its “form,” or the “essential” fea tures of
a sﬁue‘ltion or a scheme of policy with its “accidents,” or “theory” with “prac-
Flce,” is using words which derive their significance from the part they play
in the vocabulary of Aristotle. (Taylor 1955, 5-6)

Of the numerous themes that one might investigate in the thought
of Aristotle, we shall focus our attention on his natural philosophy,
which served as the dominant interpretation of nature for approxi-’
mately 2,000 years, encompassing at least three civilizations using
three distinct languages: Greek, Arabic, and Latin. ’

Aristotle and the Beginnings 4

. m]ETﬂTLE"S COSMOS AND NATURAL PHILOSOPHY

Aristotle’s cOSMOS Was, of course, a product of his natural philoso-
phy. By 4 variety of means a'nd in a number of treatlse's, Aristotle iden-
Hfied and described thfa basic components of the phys1ca'1 world. Wha't
he fashioned was destlr_led tolserve as the basic conception of the uni-
voree for almost two millennia.

For Aristotle, the cosmos was a gigantic spherical plenum that had
neither a beginning nor would ever have an end. Everything in exis-
tence lies within that sphere; nothing exists, or can possibly exist, out-
cide of it: neither matter, nor empty space, nor time, nor place. Aristotle
regarded it as nonsensical to inquire about extracosmic existence, con-
spquently rejecting the possibility that other worlds might exist be-
yond our own. Within the cosmos, Aristotle distinguished two major
divisions: the celestial region and the terrestrial. The dividing line be-
tween the two regions was the concave surface of the lunar sphere.
That surface divided two totally dissimilar regions (see Figure 2.1).

The terrestrial region, which lay below the concave lunar surface
was a region of constant change and transformation. It consisted of
four elements: earth, water, air, and fire, arranged in this order from
the center of the world to the moon’s concave surface. All bodies were
tompounded of combinations of two or more elements. In the terres-
trial region, bodies were always coming into being as differing com-
pounds of the four elements, and bodies were always passing away
because their elements eventually dissociated to combine with other
elements and form new compound bodies. At the center of the uni-
verse was the earth, surrounded in many of its parts by water and
then air and fire. If the motions of the elements were suddenly to
cease, the four elements would sort themselves out into four concen-
tri¢ regions, from heaviest to lightest, namely from earth to water to
air to fire. But this could not happen because it is the nature of all el-
ements to move and thereby to associate and dissociate with other el-
ements. In the upper atmosphere of the terrestrial region, just below
the concave surface of the moon, Aristotle assumed that comets,
shooting stars, and other similar phenomena occurred. He inferred
their existence in this region because they were changeable phenom-
ena, and therefore could not occur in the unchanging celestial region.

If change and transformation are the characteristic features of the
terrestrial area, minimal change is the hallmark of the celestial region,
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Flgqrg 2.1. The basic, simplified medieval Christianized version of Aristotle’s cosmos
depicting _the terrestrial region in the center and the planetary spheres from the lunar orl:‘\
to the “first movable heaven” (primum mobile). Enclosing the world 15 the immobile
empyrean.heaven, the "dwelling place of God and all the elect.” (Peter Apian Cosmog-
raphicus liber, 1524, col, 8, Courtesy Lilly Library, Indiana University, Biooming'ton.)

within which lie the planets and stars. The lack of change is attribut-
able to a celestial ether, which Aristotle regarded as a fifth element
'that fills the celestial region, leaving no empty spaces. The ether is an
Incorruptible, eternal substance that suffers no change, except change
of place. It did not come into being and will never pass away. Because
the planets and stars are composed of the celestial ether, they also un-
dergo no change, except change of place, which we can readily ob-
serve. Because Aristotle viewed a small degree of change as superior
to a greater degree of change, he regarded the celestial region as no-
bler than, and vastly superior to, the terrestrial region, where inces-
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cant and unremitting change was the most characteristic feature. Be-
"‘:aﬁse jt is nobler and superior to the terrestrial region, Aristotle
thought it appropriate that the celestial region should influence ter-
restrial changes. Futu.re astrologers found this a welcome support to
lustify their prognostications. ‘ .

1t was Aristotle’s understanding of natural philosophy that enabled
him to determine the physical nature of the cosmos and to spell out
its prope;ties and behavior in his numerous treatises. To grasp the role
that natural philosophy played in Aristotle’s scheme of things, it is
gssential to understand the emphasis he placed on human reason, or,
intellect, which is the same thing. In the Nicomachean Ethics
(10.7.1178a.5-8), Aristotle declares that “that which is proper to each
thing is by nature best and most pleasant for each thing; for man,
therefore, the life according to intellect is best and pleasantest, since
intellect more than anything else is man” (Aristotle 1984, 1862). Aris-
totle frequently emphasized reasoned discourse and accorded it the
highest place. Although he did not assume a creation for the world,
he did believe in a God, but a rather strange God, one who serves as
a final cause for an eternal world, without beginning or end. Indeed,
Aristotle’s God has no knowledge of our world’s existence, but is
wholly absorbed in thinking about himself, since he alone is worthy
of serving as his own object of thought. Even if the world were not
the object of God's thoughts, Aristotle regarded it as a rationally struc-
tured physical sphere that contained all that exists, with nothing lying
beyond.

Aristotle thought it important to classify different kinds of knowl-
edge and actions in appropriate categories. Where, then, did he locate
natural philosophy, or natural science, within the all-inclusive domain
of knowledge? In his Metaphysics, Aristotle distinguished three broad
categories of knowledge that he regarded as scientific: the productive
sciences, the practical sciences, and the theoretical sciences. The pro-
ductive sciences embraced all knowledge concerned with the making
of useful objects, whereas the practical sciences were directed toward
human conduct. Everything else fell under the jurisdiction of the the-
oretical sciences, which Aristotle divided into three parts (Aristotle
1984, 1619-1620). If we take them in order of priority, they are: (1)
metaphysics, or theology, which considers things that are unchange-
able and therefore distinct and separable from matter or body, such
as God and spiritual substances; (2) mathematics, which also consid-
ers things that are unchangeable. Unlike objects in metaphysics, how-
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ever, the objects of mathematics have no separate existence ha
they are abstractions from physical bodies; and (3} physics %
called natural science, Or, as it came to be popularly desi ate’d i
ural phi'losc;phy, which considers only those things that g?e cha b
able, exist separately, and also have within themselves amliﬂlngj'Eh
source of movement and rest. From Aristotle’s standpoint, natur ll"ﬂﬂt.e
Il)cl)sogahi/h emb}z;aces both animate and inanimate bodies an’d is &:p]ﬁ?;‘
e 0 . * G
o to ;:3 ;\ifo ;isl-e physical worid, that 15, to both the terrestria] and

But how do we derive knowledge about nature? First it is essentiy]

Aristotle explains, perception is of the individuaj Or particular, and
from particulars “it s impossible to perceive what is universa] :nd
hplds 1t évery case” (Aristotle 1984, 144). But demonstrations it}fl t
yield scu?ntific knowledge are based on universal propositions Th:t
1s why “if we were on the moon and saw the earth screenin 'it

wguld not know the explanation of the eclipse. For we woulgd o
ceive that it is eclipsed and not why at all; for there turned out tc}: if'
NO perception of the universa]. Nevertheless, if, from considerin thie
ofter} happening, we hunted the universal, we would have a delgno i
stration; for from several particulars the universal js clear” (Aristotll:

rectly perceived. In the beginning of the seventh chapter of the first
book of his Meteorology, Aristotle explains that “We consider a s é‘S
factorY. explanation of phenomena inaccessible to observation to l?avsf;
bee.n glven when our account of them is free from impossibilities”
(Aristotle 1984, 562). Thus, even if one cannot directly observe a phz-
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Aomenon; Aristotlelfeels that an e.xplanation .is acceptable if it is. com-
tible with whaF is possible. I-hg exp%anatmns of the formation of
;’m ots and shooting stars exemplify th%s procedgre. ‘ .

I addition to general methodological considerations, Aristotle
plafﬁd great emphasis on the role of causes in natural philosophy. He
rorarded all bodies as composites of matter and form, the former func-
tioning as a passive principle, the latter as an active principle. How
do these bodies change? Aristotle attributed all possible changes to
four kinds of causes. The first is the material cause—the matter from
which something is made, as the bronze is the matter of a bronze
statue. The second is the formal cause—the essence or inner structure
of a thing as expressed in its definition. To pursue the statue example,
the sensible aspect of form is the shape the sculptor will give to the
statue; the intelligible aspect of form in this case would be the essence
of what it is to be a statue. The third type is the efficient cause, which
is the agent or producer of the change or action, namely the sculptor.
The fourth is the final cause, which is the end or purpose for which
an action is done. In the present case, the final cause of the bronze
statue is the sculptor’s original intent, for it was what motivated the
sculptor to make the statue. Aristotle sometimes reduced the four
causes to two. The material cause always remained the material cause.
The other three causes can be reduced to a single cause, a formal-final-
efficient cause. Thus, if an artist has the formal and final causes of a
statue in mind, they will serve as an efficient cause to prompt him or
her to make the statue. Or to use an organic example, an acorn does
not yet have the form of an oak tree, although it has the potentiality
of becoming an oak tree. Thus, the acorn will try to realize the form
of an oak tree. Its ultimate goal of becoming an oak tree also functions
as a final cause. The efficient cause operates to enable the acorn to re-
alize its final form as an oak tree.

Aristotle distinguished four kinds of changes that these causes
could produce. The most fundamental was substantial change in
which one form replaces another form in the underlying matter of the
body, as when fire reduces a log to ashes. Qualitative change occurs
when, for example, the color of a body changes, as when a leaf turns
from green to brown. Quantitative change takes place when a body
increases or diminishes its size, but retains its identity. Finally, there
is change of place, when a body moves from one place to another.

Aristotle had other tools of analysis for comprehending nature. In
the Physics, he contrasts things that exist by nature with those that do
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not. “By nature the animals and their parts exist, and the plants andl

the simple bodies (earth, fire, air, water)—for we say that thege ang
the like exist by nature” (Aristotle 1984, 329). Each of these things “has
within itself a principle of motion and of stationariness (in Tespect gf
place, or of growth and decrease, or by way of altera tion). On the othg;
hand, a bed and a coat and anything else of that sort, qua recelviné
these designations—i.e. in so far as they are products of art—have p,
innate impulse to change” (Aristotle 1984, 329). But products of arf
will undergo change if they are composed of things that do have a5
impulse to change.

Later, in the Physics, Aristotle characterizes nature as “a cause, g
cause that operates for a purpose” (Aristotle 1984, 341) and then de-
fines it as “a principle of motion and change” (Aristotle 1984, 342),
Thus, nature operates by causes that produce motions and changes,
An investigation of nature by means of physics, or natural philoso-
phy, would involve a study and analysis of those causes and the me-
tions and changes they produce. In the introductory paragraph to hig
Meteorology, Aristotle gives us a good sense of what we should un-
derstand of the study of nature by natural philosophy.

We have already discussed the first causes of nature, and all natural motion,
also the stars ordered in the motion of the heavens, and the corporeal ele-
ments—enumerating and specifying them and showing how they change inty
one another—and becoming and perishing in general. There remains for con-
sideration a part of this inquiry which all our predecessors called meteorol-
ogy. It is concerned with events that are natural, though their order is less
perfect than that of the first of the elements of bodies. They take place in the
region nearest to the motion of the stars, Such are the milky way, and comets,
and the movements of meteors, 1t studies also all the affections we may call
commeon to air and water, and the kinds and parts of the earth and the af-
fections of its parts. These throw light on the causes of winds and earthquakes
and all the consequences of their motions. Of these things some puzzle us,
while others admit of explanation in some degree. Further, the inquiry is con-
cerned with the falling of thunderbolts and with whirlwinds and fire-winds,
and further the recurrent affections produced in these same bodies by con-
cretion. When the inquiry into these matters is concluded let us consider what
account we can give, in accordance with the method we have followed, of an-
imals and plants, both generally and in detail. When that has been done we
may say that the whole of our original undertaking will have been carried
out. (Aristotle 1984, 555)

From this it is apparent that for Aristotle, physics, or natural phi-
losophy, embraces the motions of terrestrial and celestial bodies, the
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. 4 transformations of the four elements in the terrestrial re-
maticns ;ﬂ the generations and corruptions of the compound bodies
n, and th

- Lok tiriuaily produce. Natural philosophy also includes phenom-
corifiruail

in the upper region of the atmosphere just below the moon, which
in

< Aristotle’s concern in the Meteorology. Finally, it includes the
was

i lants, which Aristotle says he will subsequently
Sﬁfdy of aTrTl:;l:l Sa;rclidcfther topics on natural philosophy, appear in a
; -n'iln of A;istotle’s treatises that came to be known coll.ectively as
_cﬂﬁ'ﬂ_- ﬂmm] books” (libri naturales), which include Physics, On the
u= ﬂ : (De caelo), On the Soul (De anima), On Generation and Corrfzp—
'lfmmgz eneratione et corruptione), Meteorology, and The Short Pkys_rca!
e ( g ‘(gParva naturalia), which consists of a number of brief treatxsles
Trgagfgmse and Sensibilia; On Memory; On Sleep; On Dreams; On Dz?,r-
'hgﬁio;: in Sleep; On Length and Shortness of Life; On Youth, Old Age, Life
:::;d Death, and Respiration (see Aristotle 1984).

THE SCOPE OF NATURAL PHILOSOPHY

Natural philosophy in its many manifesta.tion.s was Practiced lor}g
before Aristotle made his momentous contribution. It is apparent in
Egyptian civilization and among Aristotle’s predece§sors, the 1prl&:—
Socratic philosophers. But, as far as is known,. Nno one in thosg places
and times sought to define anything resembling what we mlgl;t re-
gard as natural philosophy. They simply wrote .about a variety of top-
ics, and it has fallen to modern historians to c'iec1de whther ?vhat they
wrote ought to be categorized as natural ph1lo§ophy. S1n_ce it was not
excluded in ancient Egypt or in Greece in the smth apd fifth centgnes;
B.C,, it seems appropriate to include medici‘ne within the domam1 0
natural philosophy, and, perhaps, even magic as u:vell, though the_ at-
ter would more properly form part of natural philosophy in ancient
E an in the Greece of the pre-Socratics. _
Eggmpiz:(?tle’s contributions to natural philosophy changed all‘thls. Not
only did he leave treatises on almost all aspects of ‘natural phllosopl‘ny,
but he also realized the need to define natural philosophy and delin-
eate its scope, as well as to determine the best mFthodology for 511]1?-
plying it to nature. Aristotle was apparently the first to perfor'm this
service. His efforts were destined to have a lastln.g feffect, enduring i.:or
nearly 2,000 years in three different major lingulstlc Ct‘ﬂtul:es' ‘.md. civ-
ilizations—Greek (Byzantine Empire), Arabic (Islamic civilization),
and Latin (Western Europe).
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How did Aristotle define and understand natural philosophy? We
have already seen that by defining it and enumerating the range of
subjects to which it applies (in the Meteorology), he restricted its scope,
This is obvious by his division of the theoretical sciences into meta-
physics, mathematics, and natural philosophy, or physics. Clearly, he
thought of metaphysics and mathematics as distinct from natural Phi-
losophy. Their subject matter was with entities that did not suffer
change, while the essence of natural philosophy was to treat wholly
of bodies undergoing change and motion. But did Aristotle really
mean all bodies subject to change and motion? If so, natural philoso-
phy would embrace virtually every discipline that treats of some as-
pect of the physical world, every part and subdivision of which
undergoes change and motion. Because medicine is concerned with
changes in the human body, it is appropriate to infer that Aristotle in-
cluded medicine as part of natural philosophy. But this seems unlikely.
In the opening passage of Meteorology (cited earlier), Aristotle in-
tended to mention, or allude to, all the subjects that formed part of
his research program. We may infer this from his remark that when
the study of animals and plants has been completed, “we may say that
the whole of our original undertaking will have been carried out.”
Nowhere in that “original undertaking” is medicine mentioned, nor,
as far as we know, did Aristotle ever write a treatise on medicine, al-
though he often used examples from medicine and was the son of a
physician.

In addition to the exclusion of medicine from natural philosophy,
Aristotle also excluded the mathematical, or exact, sciences, which he
characterized as “the more natural of the branches of mathematics,
such as optics, harmonics, and astronomy” (Aristotle 1984, 331). Some
lines earlier, Aristotle explained that when, for example, a mathe-
matician treats of celestial bodies, he does not “treat of them as the
limits of a natural body; nor does he consider the attributes indicated
[that is, the shapes of celestial bodies] as the attributes of such bod-
ies. That is why he separates them; for in thought they are separable
from motion, and it makes no difference, nor does any falsity result,
if they are separated” {Aristotle 1984, 331). As we saw, Aristotle re-
garded optics, astronomy, and harmonics as “the more natural of the
branches of mathematics,” and therefore seemingly belonging more
to mathematics than to natural philosophy. These sciences are “the
converse of geometry. While geometry investigates natural lines, but
not qua natural, optics investigates mathematical lines, but qua natu-
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ral, not gua mathematical” (Aristotle 1984, 331). For Aristotle, ?he exact
'thematical sciences fell somewhere between natural philosophy
mE:i ure mathematics, perhaps closer to the latter than the former.
;:t ge exact sciences belong neither wholly to natural philosop}.\y nor
1o mathematics, but are relevant to both. Because Fhey were viewed
as lying between the two disciplines, the exact sc1enct::s came to be
Kknown as middle sciences (scientiae mediae) during the Middle Ages.

Aristotle’s Approach

If Aristotle furnished the content, scope, and methodology of natu-
ral philosophy, he also provided something else of almost equal im-
ortance: a positive attitude toward nature and a style of doing natural
philosophy. If we use hindsight to categorize Aristotle, we would judge
that he had an intellectual temperament that was forged from the com-
bined qualities of a philosopher, scientist, and historian. The historian
in Aristotle is manifested in the way he presented problems. In the first
book of the Metaphysics, Aristotle became the first historian of philos-
ophy when he set forth the opinions of his predecessors, those flatural
philosophers who are known as the pre-Socratic philosophers, includ-
ing his teacher, Plato. The problem he was investigating concerned the
substance of things: What was their elemental nature? What was the
cause of things? “We have studied these causes sufficiently in our work
onnature,” Aristotle declares, “yet let us call to our aid those who have
attacked the investigation of being and philosophized about reality be-
fore us. For obviously they too speak of certain principles and causes;
to go over their views, then will be of profit to the present inquiry, for
we shall either find another kind of cause, or be more convinced of the
correctness of those which we now maintain” (Aristotle 1984, 1555).
With this said, Aristotle launches on a discussion of his predecessors
for the rest of the first book.
Aristotle again resorts to the opinions of his predecessors in his cos-
mological treatise, On the Heavens. After asking “whether the heaven
is ungenerated or generated, indestructible or destructible,” he de-

clares:

Let us start with a review of theories of other thinkers; for the proofs of a
theory are difficulties for the contrary theory. Besides, those who have first
heard the pleas of our adversaries will be more likely to credit the assertions
which we are going to make, We shall be less open to the charge of procur-
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ing judgement by defauit. To Bive a satisfactory decisi
ecis

necessary to be rather an arbitrator than a p y 10N as to the ¢y

1984, 463)

Lith |}
arty to the dispute, A v
: Mol a8

Aristotle was well aware that i
natural philosophy had a h; ;
he appealed to it in numerous places, g o * history, e

N lzmut th.e roleg of h'istorian, Philosopher, and scientist are not pggi
Istinguished in Aristotle’s treatises, When Aristotle invokes hjﬁmy
ory:

difficulties it is clear. Further, he who has heard all the contending atgiimenty

as if they were parties to a case, must be ; - .
totle 1984, 15721573, » Must be in a better position for judging. (A ris-

Algstotle then Iays. out various problems and difficulties that he wili
suI sequently consider. He usually sought to identify all the problems
relevant to any issue he attempted to resolve (Grant 2001, 91-94).
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1984, 362; Grant 1981, 5-8). After setting out the conflicting

t"‘ﬁ% ns, Aristotle, in a typical move, declared, “As a step towards

'\'-'“:"hw:l which view is true, we must determine the meaning of the
E‘t::l,g He then proceeds to present different ways that the term
b r.i; # r vacuum, has been defined and conceived (Aristotle 1984,
163-365). Finally, he offers a series of arguments to demonstrate the
i-m ossibility of the existence of void space (Aristotle 1984, 365-369).

e see the same concern for the meaning of crucial terms in his cos-
mological work, On the Heavens. In this treatise, Aristotle asks whether
ﬂieﬁ' is only one heaven, or world, and whether it is eternal. In order
1o answer such questions, Aristotle insists that “we must explain what
we mein by ‘heaven’ and in how many ways we use the word, in order
jo make clearer the object of our inquiry” (Aristotle 1984, 462). He then
distinguishes three different usages of the term “heaven,” or world. In
one sense, world is taken as equivalent to the outermost circumference
of the whole world; in another, heaven is conceived to embrace the
whaole celestial region, including the moon, sun, and the other celestial
bodies; and, finally, heaven is taken as equivalent to the entire world.
Aristotle appears to opt for heaven as the totality of the world and then
argues that “there is no place or void or time outside the heaven” (Aris-
totle 1984, 462). Aristotle’s desire to cite the opinions of others is also
illustrated in his Meteorology, where he declares: “Let us now explain
the origin, cause, and nature of the milky way. And here too let us
begin by discussing the statements of others on the subject” (Aristotle
1984, 564). Other examples are readily available, but one cannot doubt
that Aristotle regarded the citation of other opinions as an essential as-
pect of doing natural philosophy.

Logic was an exception to Aristotle’s usual procedure. He did not
begin those treatises, especially the Prior Analytics, with a summary
of previous opinions because there were no previous opinions, and he
owed no debt. As Aristotle explains in his Sophistical Refutations: "it
was not the case that part of the work had been thoroughly done be-
fore, while part had not. Nothing existed at all” (Aristotle 1984, 314).

It was also characteristic of Aristotle’s style in natural philosophy
to inform his readers or listeners about the procedure he intended to
follow. Thus, at the outset of On Interpretation (De interpretatione), Aris-
totle explains, “First we must settle what a name is and what a verb
is, and then what a negation, an affirmation, a statement and a sen-
tence are” (Aristotle 1984, 25) and then proceeds to consider each of
these entities. He begins the Prior Analytics by announcing the topics
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he will consider: “First,” he says, “we must state the subject of the ey,
quiry and what it is about: the subject is demonstration, and it is about
demonstrative understanding. Next we must deterrnine what a Propo-
sition is, what a term is, and what a deduction is {(and what sort f
deduction is perfect and what imperfect); and after that, what it is foy
one thing to be or not be in another as a whole, and what we mean
by being predicated of every or of no” (Aristotle 1984, 39).

From my earlier mention of Aristotle’s contributions to biology, it
is apparent that he engaged in activities that involved careful ob-
servation of the behavior of numerous animals. In some instances,
this observational knowledge derived from dissections he did, but
often it came from his own desire to observe and report. In hijg
History of Animals, Aristotle describes the embryological develop-
ment of the chicks of the common hen. Here we see him at his best.
As will be evident from the passage quoted below, Aristotle obvi-
ously broke open eggs that had been laid at the same time and ob-
served the status of the chick at different stages of its development,
He tells us that

With the common hen after three days and three nights there is the first in-
dication of the embryo; with larger birds the interval being longer, with
smaller birds shorter. Meanwhile the yolk comes into being, rising towards
the sharp end, where the primal element of the egg is situated and where the
egg gets hatched; and the heart appears, like a speck of blood, in the white
of the egg. This point beats and moves as though endowed with life, and from
it, as it grows, two vein ducts with blood in them trend in a convoluted course
towards each of the two circumjacent integuments; and a membrane carry-
ing bloody fibres now envelops the white, leading off from the vein-ducts. A
little afterwards the body is differentiated, at first very small and white. The
head is clearly distinguished, and in it the eyes, swollen out to a great extent.
This condition lasts on for a good while, as it is only by degrees that they di-
minish in size and contract. At the outset the under portion of the body ap-
pears insignificant in comparison with the upper portion. Of the two ducts
that lead from the heart, the one proceeds towards the circumjacent integu-
ment, and the other, like a navel-string, towards the yolk. The origin of the
chick is in the white of the egg, and the nutriment comes through the navel-
string out of the yolk.

When the egg is now ten days old the chick and all its parts are distinctly
visible. . . . [After providing much more of a detailed description of the tenth
day, Aristotle declares:]

About the twentieth day, if you open the egg and touch the chick, it moves
inside and chirps; and it is already coming to be covered with down, when,
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the twentieth day is past, the chick begins to break the shell. The head
uﬂf'l ted over the right leg close to the flank, and the wing is placed over
B Sl;u 251- and about this time is plain to be seen the membrane resembling
B ;er-}:’)irth that comes next after the outermost membrane of the shell, into
2 h membrane the one of the navel-strings was described as leading (and
whl:mck'in its entirety is now within it}, and so also is the other membrane
t-‘heembling an after-birth, namely that surrounding the yolk, into which the
m;and navel-string was described as leading; and both of them were de-
:::n'bed as being connected with the heart and the big vein. At this time the
navel-string that leads to the outer after-birth collapses and bc?comes detached
from the chick, and the membrane that leads into thm.e yolk is fastened on to
the thin gat of the creature, and by this time a considerable amount of the
Ik is inside the chick and a yellow sediment is inside its stomach. About
this time it discharges residuum in the direction of the outer after-birth, and
has residuum inside its stomach; and the outer residuum is white and there
comes a white substance inside. By and by the yolk, diminishing g‘rat-iually
in gize, at length becomes entirely used up and comprehended within the
chick (so that, ten days after hatching, if you cut open the chick, a small rem-
nant of the yolk is still left in connexion with the gut), but it is detached from
the navel, and there is nothing in the interval between, but it has been used
up entirely. During the period above referred to the chick sleeps, but if it is
moved it wakes, looks up and chirps; and the heart and the navel together
palpitate as though the creature were respiring. So much as to generation
from the egg in the case of birds. (Aristotle 1984, 833-884)

In this remarkable description of the embryonic development of a
chick, Aristotle shows his masterful powers of observation and his
ability to record what he saw in a scientific manner. There is an air of
detachment and objectivity worthy of a great scientist and natural
philosopher. Aristotle’s description is far superior to an earlier one
that appeared in the Hippocratic treatise On the Nature of the Child
(Cohen and Drabkin 1948, 424-425). Virtually all of the experiences
and observations Aristotle made exhibit these same qualities. Whether
observing and recording the behavior of animals based on direct ob-
servation, reporting observations made by others, or writing about the
nature and operation of the terrestrial and celestial regions of the
physical world, based upon gross observation and many theoretical
constructions about its essential features, Aristotle retained the same
calm and impersonal mode of presentation. And yet, underlying this
impersonal, detached style was a deep love of nature in all its mani-
festations, as we see in this famous introductory passage to his bio-
logical treatise On the Parts of Animals:
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Having already treated of the celestial world as far as our conjectures o
reach, we proceed to treat of animals, without omitting, to the best of g
ability any member of the kingdom, however ignoble. For if some have Tt

graces to charm the sense, yet nature, which fashioned them, gives amazing

pleasure in their study to all who can trace links of causation, and are in clingg
to philosophy. Indeed, it would be strange if mimic representations of them
were attractive, because they disclose the mimetic skill of the painter or s P
tor, and the original realities themselves were not more interesting, to all 4}
any rate who have eyes to discern the causes. We therefore must not rej]
with childish aversion from the examination of the humbler animals. Every
realm of nature is marvellous: and as Heraclitus, when the strangers why
came to visit him found him warming himself at the furnace in the lcitchan
and hesitated to go in, is reported to have bidden them not to be afraid i
enter, as even in that kitchen divinities were present, so we should ventue
on the study of every kind of animal without distaste; for each and all will
reveal to us something natural and something beautiful. Absence of haphaz-
ard and conduciveness of everything to an end are to be found in nature’s
works in the highest degree, and the end for which those works are put to-
gether and produced is a form of the beautiful. (Aristotle 1984, 1003-1004)

Aristotle’s positive attitude toward nature and his own desire to re-
main a careful and objective observer are exemplified in all his works
on natural philosophy. But his methodological approach to nature did
not include the use of experiments. It has been suggested that Aristo-
tle would have had no interest in experiments on natural phenomena,
because experiments require one to alter the behavior of nature arti-
ficially and arbitrarily. By altering the natural environment of the
thing that is being investigated, we do not observe its natural behav-
ior, because its natural behavior only occurs under natural conditions.
“It is therefore senseless to place a substance under artificial condi-
tions for better observation. . . . Experiment, in short, opens up no new
access to the facts, and may succeed only in suppressing themn” (Wa-
terlow 1982, 34).

In the chick embryo experiment cited earlier, however, Aristotle did
intervene in nature, because he realized that only by breaking eggs on
different days could he observe what would otherwise be unobserv-
able, namely the embryonic development of chicks. In at least this one
instance, Aristotle showed that he would interfere with nature. Per-
haps, we should assume that Aristotle would have intervened in na-
ture whenever he could see direct benefit from the intervention. That
he hardly ever did so, however, tells us that either he rarely ever saw

conjure
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o direct benefit, or that if he did, he was not ingenious enough to
up appropriate experiments that might shed light on the nat-
R el p'henomena in which he was interested. It is not at all clear that
Aristotle was reluctant to intervene in nature. A more likely conjec-
rure might be that he rarely ever thought he had to, because he was
convinced that he could derive solutions to most problerr}s by using
a priori and deductive means to contemplate the way things had to
b%\mh hindsight, we can see that Aristotle was in error in much of
what he had to say about the physical world. That is hardly surpris-
ing for someone who wrote more than 2,300 years ago. Bu.t we can-
not judge Aristotle’s significance and impact on that basis, for we
know all too well that much scientific knowledge that appeared in the
nineteenth century, and even in the twentieth century, has been shown
to be exroneous or misleading, or will be shown to be such. We must
rather judge Aristotle on the way he approached nature; on the way
he organized his research; and on the style and manner in which he
pmse,nted scientific knowledge. From that standpoint, as we saw, he
earns and deserves high praise, which he customarily received, and
still receives, from all who have had occasion to judge him in the an-
cient, medieval, and modern worlds. He taught those who read and
studied his works what nature is, and how they ought to appreciate
and study it. Aristotle did this through the medium of his many trea-
tises. For it is the phenomenon of Aristotelianism that clustered
around Aristotle’s works and thoughts that made his name the dom-
inant force in natural philosophy from late antiquity to the seven-
teenth century. We must now describe this momentous and
extraordinary story.



Chapter 3

Science and Natural Philosophy in
the Roman Empire

THE PRE-SOCRATIC NATURAL PHILOSOPHERS

‘The science of the Roman Empire was but a continuation of the Greek
science that began with a group known as the pre-Socratic natural
philosophers in the sixth century B.c. The individuals who comprise
this group were active in the period from around 600 B.c. to the time
just before Socrates, sometime around 400 s.c. There can be little doubt
that the emergence of the pre-Socratic natural philosophers in the
Greek city-states along the coast of Asia Minor in the sixth century
B.C. marks the beginning of the critical and analytic spirit that would
become characteristic of rationalistic Greek science and philosophy.
Unfortunately, their works have not survived. Only fragmentary parts
were preserved by later authors, many of whom were writing cen-
turies later.

The fragments, however, reveal substantive aspects of the thought
of these early Greek natural philosophers. From these fragments, we
learn that the pre-Socratics abandoned the supernatural and magical
explanations that had been routinely employed in early Greek society
and in ancient Egypt and Mesopotamia. Commencing in the Ionian
city of Miletus, the first group of pre-Socratic thinkers was known as
the Milesians, among whom the most famous were Thales (c. 625-c.
547 B.c.), Anaximander (c. 610-c. 545 B.c.), and Anaximenes (fl. ¢. 545
B.c.). They, and others who followed, were known as monists, be-
cause they believed that the world was composed of a single sub-
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stance. The varied objects and things we see in the world are but dig.
ferent manifestations of the same substance, which for Thales 1yas
water; for Anaximander, an indeterminate entity, or apeiron, from
which all things emerged and to which they returned; and fy,
Anaximenes, air was the underlying substance of all things. Pythagg:
ras of Samos (¢. 560-c. 480 B.C.) was also a monist, but he, and his fg-
lowers, made number the basic stuff of the universe. They viewed tha
world as made up of numbers, in some sense, and therefore essan.
tially mathematical in its structure.

The Milesians believed that change did occur and that we can ob-
serve those changes. Parmenides of Elea (c. 515-c. 450 B.c.) and his fa-
mous disciple, Zeno of Elea (c. 490-c. 425 B.c.), challenged thjs
seemingly self-evident view. Parmenides proposed a radical interpre-
tation. He regarded the human senses as essentially unreliable, and,
therefore, did not trust them. He placed his complete trust in reason,
demonstrating this by uncompromisingly following the logic of an ar-
gument. In a philosophical poem that Parmenides wrote and of which
a fair portion has survived, we see that he divided his poem into two
parts: The Way of Truth and the Way of Seeming. In the Way of Truth,
Parmenides offers a logical argument that being, which is ungener-
ated, homogeneous, unchanging, motionless, and indestructible, is all
that exists. The changes we think we observe are mere illusions.

Zeno of Elea sought to buttress his master’s position by formulat-
ing a series of paradoxes to demonstrate the impossibility and ab-
surdity of motion. His most famous argument involves Achilles and
the tortoise. Zeno argued that if the tortoise is given an initial lead
over Achilles, Achilles, the fastest being in the world, cannot overtake
the tortoise, the slowest creature in the world. This follows because
every time Achilles reaches a point where the tortoise has been, the
tortoise has ambled on a bit. Although the distance between them will
continually diminish, Achilles will never catch the tortoise. Another
version of this argument is one in which Achilles does not even begin
to pursue the tortoise. This follows from the assumption that before
Achilles can begin to pursue the tortoise, he must first traverse half
the distance that separates him from the tortoise; and before he can
traverse half the distance, he must traverse one-quarter of the distance;
and before he can go one-quarter of the distance, he must go one-
eighth; and so on ad infinitum. Thus, Achilles will never begin his pur-
suit of the tortoise. Zeno also presented a series of paradoxes to show
that a plurality of things is impossible, thus defending Parmenides’
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asiton that only one thing exists in the world and nothing else can

come into being. The arguments of Parmenides and Zeno were de-
ductive in form and involved logical reasoning. They laid the basis for
ghe subsequent Greek emphasis on logic, which culminated with Aris-
wtle’s invention of syllogistic, formal logic.

Those pre-Socratics who followed Parmenides had to take account
of his denial of the possibility of change. They were not, however,

repared to deny the evidence of their senses: they were convinced
iiat changes of all kinds occurred, but sought to explain observed
changes by combinations of unchanging substances. Thus, Empedo-
cles of Acragas (c. 492—c. 432 B.C.) assumed the existence of four ele-
ments, or roots, as he called them, namely earth, water, air, and fire,
which, in Aristotle’s natural philosophy, became the four elements
that formed the basis of physics for almost 2,000 years. Empedocles
believed the four elements were eternal—that they always existed
and would continue to exist into an infinite future. Change occurred
gither by the coming together of two or more of the four elements,
ar by their separation. To form the myriad of things in existence, the
glements combined in different proportions. As the mechanism of
change, Empedocles assumed the existence of two opposing forces,
which he called Love and Strife. Love brought elements together and
Strife caused their separation. Empedocles believed he was faithful
to Parmenides’ dictum that no new substances could come into exis-
tence from previous material substances. For Empedocles, the un-
changing, eternal four elements produce the different things we
observe by simple combinations and separations in which the ele-
ments remain unchanged.

Anaxagoras of Clazomenae (c. 500~c. 428 s.c.) adopted a very dif-
ferent strategy even as he, like Empedocles, sought to explain change
without the emergence of new substances. To avoid the possibility of
a new substance coming into being, Anaxagoras assumed that every
material thing has a portion of everything else in it. For example, an
apple contains hair, wheat, iron, flesh, blood, and a bit of every other
existent substance. One substance can change into something else be-
cause that into which it changes is already present. Thus, nothing new
comes into being, because it already exists within the body in which
it appears.

The best-known system of the world presented by pre-Socratic nat-
ural philosophers is the atomnic theory, first proposed by Leucippus of
Miletus (fl. fifth century B.c.) and developed further by Democritus of
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THE EMERGENCE AND DEVELOPMENT OF THE
SCIENCES IN THE GREEK WORLD

By their naturalistic and largely rationalistic approach to the nitu-
ral world, the pre-Socratic natural philosophers established a founds-

THE LIFE SCIENCES

Medicine

interpreting the dreams of those who came for treatment. Temple
medicine continued for some time, By the fifth century B.c., medical
schools were in existence on the island of Cos, in Cnidus, and in south-
ern Ifaly. The most famous of these schools was in Cos, associated with
the name of Hippocrates of Cos. Medica] schools in this period had
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e nature of secret brotherhoods. The famous Hippocratic oath sug-
-t this, because each member of the school swore to teach the med-
Hﬁ--ba t only to his sons, the sons of his masters, and to duly
o onticed pupils.
"Fprengiifﬁ gf Cos was born around 460 s.c. and died around 370
¢ Mentioned by Plato and Aristotle, he acquired enormous prestige
_“‘" ti‘h? meration after his death. Approximately seventy medical trea-
:;ﬁ are attributed to him, although members of his school probably
\wrole many of them. As a result, the works are rather divergent and
thelr viewpoints are sometimes in conflict. The Hippocratic treatises
vary in their emphases: some stress theory, while others are empirical,
staying close to facts and customs; some of the works balance experi-
ence and theory. Hippocratic medicine was probably no more effec-
tive than temple medicine. But the school of Hippocrates laid the basis
fot a rational approach to medicine. We can see this in one of the Hip-
cratic treatises, On the Sacred Disease, which referred to epilepsy. The
author declares that “this disease [epilepsy] is in my opinion no more
divine than any other; it has the same nature as other diseases, and
the cause that gives rise to individual diseases. It is also curable, no
less than other illnesses, unless by long lapse of time it be so ingrained
a5 0 be more powerful than the remedies that are applied” (Cohen
and Drabkin 1948, 473-474). Although many in the ancient world re-
garded epileptic seizures as caused by divine intervention, the Hip-
pocratic author of On the Sacred Disease regarded it as a disease like
any other, to be treated by natural and rational methods.

Because no licenses were required to practice medicine in ancient
Greece, many charlatans pretended to be physicians, traveling from
town to town and practicing medicine on unsuspecting townspeople.
Medical ethics were virtually unknown. It was with the hope of rem-
edying this dangerous situation that physicians of the Hippocratic
School formulated the famous Hippocratic Oath. Because it is rela-
tively brief, I shall cite the whole of it:

I swear by Apollo Physician and Asclepius and Hygieia and Panaceia and
all the gods and goddesses, making them my witnesses, that I will fulfill ac-
cording to my ability and judgment this oath and covenant:

To hold him who has taught me this art as equal to my parents and to live
my life in partnership with him, and if he is in need of money to give him a
share of mine, and to regard his offspring as equal to my brothers in male
lineage and to teach them this art—if they desire to learn it—without fee and
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covenant; to give a share of precepts and oral instruction and all the bithay
learning to my sons and to the sons of him who has instructed me angd | .
pupils who have signed the covenant and have taken an oath according I:fl-__

]

the medical law, but to no one else.

I will apply dietetic measures for the benefit of the sick according tq
ability and judgment; 1 will keep them from harm and injustice. b

T'will neither give a deadly drug to anybody if asked for it, nor wil] I make
a suggestion to this effect. Similarly I will not give to a woman an abuoriy,
remedy. In purity and holiness [ will guard my life and my art. g

T'will not use the knife, not even on sufferers from stone, but will withdrs
in favor of such men as are engaged in this work. b

Whatever houses I may visit, I will come for the benefit of the sick T
maining free of all intentional injustice, of all mischief and in particula’r o
sexual relations with both female and male persons, be they free or slaveg

What [ may see or hear in the course of the treatment or even outside ;:f
the treatment in regard to the life of men, which on no account one must
spread abroad, 1 will keep to myself holding such things shameful to be 5Pos
ken about.

If I fulfill this oath and do not violate it, may it be granted to me to enjoy
life and art, being honored with fame among all men for all time to come,; ji
[ transgress it and swear falsely, may the opposite of all this be my lot. tEd’,:_L
stein 1943, 3)

This is a laudable document. High standards were expected from
the physicians who took this cath. The large number of medical trea-
tises that have been preserved from the school of Hippocrates reveal
a generally high level of medical achievement. One of the great tenets
of the Hippocratic doctors was the healing power of nature. The key
idea was to work with nature, but to let it do the healing, if at all pos-
sible. Only when nature is not adequate to the task is the physician to
intervene and aid nature to the extent that is necessary. At a time when
little was known about the workings of the human body, this was a
wise and sensible approach.

The Hippocratic doctors believed that the body was healthy when its
basic fluids were in equilibrium and harmony. These four fluids were
blood, phlegm, yellow bile, and black bile, as we learn from the Hip-
pocratic treatise On the Nature of Man. “The body of man,” we are told,

has in itself blood, phlegm, yellow bile, and black bile; these make up the na-
ture of his body, and through these he feels pain or enjoys health, Now he
enjoys the most perfect health when these elements are duly proportioned to
one another in respect of compounding, power and bulk, and when they are
perfectly mingled. Pain is felt when one of these elements is in defect or ex-

Tm{‘-__—ﬂhﬁﬂ an
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% isolated in the body without being compounded with all the oth-
o and Drabkin 1948, 488)

. forar humors became one of the foundations of Greek medicine

and cerved all the physicians who followed the Greek medical tradi-

"

hﬂ;;mmg the greatest glories of Hippocratic medicine were the clini-
cal phservations of the course of various diseases that were given in
ihe treatises called Epidemics. These are usually day-by-day accounts
of the progress of a disease or ailment. They are succinct and vivid,
with most ending in death. Another important feature of the Hippo-
cratic treatises is the debate between those physicians who believed
that phﬂosophy was important in medicine and those who did not.
From the history of Greek medicine we learn that those who regarded
F,hﬂnmphy as an important tool in the study of medicine helped
chape that discipline. Many aspects of Greek medicine reveal the im-
pact of philosophy. It was the philosophical spirit that prompted
Greek physicians to determine the course of a disease, to distinguish
different types of diseases, to investigate the causes of various dis-
eases, to produce theories of the prognosis of diseases, and to formu-
iate methodological procedures for the treatment of ailments.

Following the conquests of Alexander the Great and the spread of
Greek culture and science into Egypt, much of the Near East, and as
far east as India, Greek science flourished in the Hellenistic period,
from 300 B.C. to the beginning of the Roman Empire and the birth of
Christ. It was in the Hellenistic period, in the city of Alexandria,
Egypt, that the Greeks developed a number of medical schools, each
of which had its own distinctive approach and methodology. The Em-
piricist school emphasized experience and rejected theoretical medi-
cine based on reasoned argument. The Dogmatist school emphasized
reason but also regarded direct observation of the internal organs as
vital to a proper understanding of the ailments that afflict the human
body. To enable physicians to become familiar with those organs, the
Dogmatists became the first physicians in history to dissect and even
vivisect the human body.

The beginnings of the process by which human dissection became
a part of Greek medicine is traceable to Plato’s description of the death
of Socrates in the dialogue Plato called Phaedo. Up to Plato’s time, the
Greeks viewed the dead human body as sacred, and they firmly be-
lieved that it had to be properly buried, fearing that if this duty was
neglected, the corpse would take vengeance on those relatives who
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had abandoned their solemn responsibilities. Hence, dissectig

fore, coilsidered unthinkable. The Greeks also placed great
on the “body beautiful” and always thought in terms of =
the body rather than mutilating it. i

r

h L

! ;:vc::shwe to bury you?” Socrates replies: ‘Anyhow you like, if y

fan cat rfne, andil‘don t elude you’ " (Plato 1955, 139). Critolth'} ¢

in term: of a trad1t1.oneil burial, and Socrates complains that he '?k$

iled Cf)thnvmce Crito “that when I drink the poison I shall no lo W

Of thenblwx d)iciu, but take my leave of you and go off to some ‘n fﬂr

o the b eisi'e (Plato 1955, 139-140). Socrates informs Crito thajt he

pon bur fde;nthaly w:aty he tliﬂ(es. After Socrates drinks the poison and
» € utters these final words: “Crito, we

Ba ‘ g , ow

:c\)f;l?;:st,opé?se pay it—do not neglect it” (Plato 1955 143(; iaI';::::Ccl:(u:;*o

€r a cock to Asclepius, the in : X
g god of healing,
had been effected. Socrates believed that his death wasgr:l:ltgz szs

for Socrates to drink the hemiock, one of his friends, Crito asks “.dmd'

hindrance of a body.

ditg:asl ?el: Plfatt;) use a philosophical approach to overcome the tra-
T ot the dead body. However, Plato’s Breatest student, Aris-

long—standing Greek tab ' :
) 00 against dissecti
learn from Aristotle’s History of Animal Pt body, as we

have been regarded as the mutilation of a dead body and Waz ";_?;Iﬁ
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influential outside of Greece when physicians of the

w" -Eéz:’fchcd in Alexandria not only overcame fear of the dead

l:;llL in the course of the third century B.c., also took the dra-

h‘d ?;-steP of dissecting it and perhaps even vivisecting it.
mﬁ:;,:rmn g in Rome in the first century a.p., Aulus Cornelius Celsus
il ¢ AD- 25) composed an important treatise titted On Medicine (De
.‘ i), In the introduction, Celsus writes about the Dogmatist

Fl'_l'},ﬁiciﬂng and declares:

Mareover, a5 pains, and also various kinds of diseases, arise in the more in-
fernal parts, they hold that no one can apply remedies for these who is ig-
narant about the parts themselves; hence it becomes necessary to lay open
thg.ﬁt'ld.'ll.’ﬁ- of the dead and to scrutinize their viscera and intestines. They hold
ti;l at Herophilus and Erastistratus did this in the best way by far, when they
faid open men whilst alive—criminals received out of prison from the kings—
and whilst these were still breathing, observed parts which beforehand na-
rure had concealed, their position, colour, shape, size, arrangement, hardness,
soffness, smoothness, relation, processes and depressions of each, and
whether any part is inserted into or is received into another. (Cohen and

Drabkin 1948, 471-472)

Celsus’ charge that the two most famous Dogmatist physicians in
Alexandria, Herophilus of Chalcedon (b. ¢. 330 B.c.) and Erasistratus
of Tudis (b. c. 304 B.c.), practiced vivisection has not been conclusively
demonstrated, although it is likely they did so. Unfortunately, neither
of these Dogmatist physicians left any extant treatises in which they
discuss their work. Our knowledge of their contributions is derived
from later writers, especially Galen, the great physician of the second
century A.D. Nevertheless, G.E.R. Lloyd has plausibly conjectured:
“When we reflect that the ancients regularly tortured slaves in public
in the law courts in order to extract evidence from them, and that
Galen, for example, records cases where new poisons were tried out
on convicts to test their effects, it is not too difficult to believe that the
Ptolemies permitted vivisection to be practised on condemned crimi-
nals” (Lloyd 1973, 77). Celsus, and later Christian authors such as Ter-
tullian and Saint Augustine, reproached the Dogmatists for cruelty.
Despite his denunciation of vivisection, Celsus approved of dissection,
regarding it as essential for students of medicine.

By their human dissections, Herophilus and Erasistratus laid the
basis for the sciences of anatomy and physiology. They usually dis-
sected the bodies of executed criminals whose bodies were handed
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over to them on the authority of the Ptolemaic kings of EgYPt. Tis

knowledge they derived from their dissections is impressive,
Philus showed that it is the brain that is the center of the nervouyg g

tem and the seat of intelligence, and not the heart as Aristotle had

falsely believed. He identified and distinguished the cerebrum ang

vivisection, for scientific purposes, whereas the ancient Egvptans
used it for religious purposes. Unfortunately, the vivisections of pris-

during the last century.

Numerous other Greek physicians contributed to medical history in
the Hellenistic period, encompassing the last three centuries B.c, Al-
though Rome was the dominant force in Hellenistic times, medicine
like all other sciences, was largely a Greek enterprise. l

Biology

Some, if not much, that Herophilus and Erasistratus discovered was
also relevant to biology. But they focused on the human body and the
functioning of its parts. The larger issues in biology, such as a concern
for the classification of animals into species and genera and the de-
scription of a great variety of animals, were almogt exclusively the
work of Aristotle, who single-handedly established the science of bi-
ology. Aristotle made the most significant contributions to biology in
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jent world (in chapter 2, we saw that he dissected numerous
.:mﬂ and was a keen observer of animal behavior).
gt I;ue i:egan the long historical process of the classification of an-
) ,1{;:5}4(? regarded species as permanent and unchangeable and was
i fote not an evolutionist. In his view, one species could not evolve
‘iﬁeﬁme to become another species; rather, living things form a lad-
der of nature. They proceed little by little from inanimate matter to
alanis; which have a vegetable soul that enables them to obtain nu-
triments and to reproduce. Plants, in turn, ascend by small degrees to-
ward the animal world. Animals have a level of vitality that enables
them to obtain food, to have sensations, and to move about (locomo-
tion). S0 subtle is the ascent of life forms that Aristotle was sometimes
unable to determine whether some living things in the ocean were
lanits or animals. The final living form in the ladder of nature is man,
who, according to Aristotle, has a rational soul that enables him to en-
gage in rational discourse, an activity in which plants and animals
cannol participate.

Aristotle considered many of the fundamental problems of biology.
Besides classification, he studied reproduction and the processes of
nutrition. Indeed, his classifications were largely based on different
mides of reproduction. His extraordinary powers of observation have
evoked the admiration of modern biologists. He knew that cetaceans
(whales, porpoises, dolphins) were mammals and realized that they
therefore had lungs, breathed air, were viviparous (i.e., their offspring
were born alive), and suckled their young. Despite the fact that
cetaceans lived in water, Aristotle correctly classified them as mam-
mals rather than fish. Until the eighteenth and nineteenth centuries,
bio;;:)gy was overwhelmingly the biology of Aristotle. There were no
rivals.

THE EXACT SCIENCES

Mathematics

Both the ancient Babylonians and the Egyptians contributed to the
beginnings of geometry, with the Babylonians reaching a high degree
of proficiency in algebra. The Greeks were indebted to these two civ-
llizations for some of their mathematical knowledge and understand-
ing. Neither the Egyptians nor the Babylonians, however, formulated
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a concept of mathematical proof, a Crucia.I contril.aution that wag £

made by the Greeks, pethaps by Thales in the first half of the siyih
century B.c. Although the attribution to Thales has been COntestp
there is, nonetheless, ample evidence that the Greeks were keenly f,.
terested in mathematics since the sixth century B.C. and that, ip the
| course of the fifth century B.C., they introduced the concept of ripey.
ous mathematical proof. Pythagoras of Samos and his folIowers, the

Pythagoreans, were famous for their mystical interest in nUmbers,

number theory, and arithmetic. They were also interested in Zeome-

! try, and the Pythagorean theorem is one of the legacies attributeg -m
Pythagoras, although it has been shown that the Babylonians at g
time of King Hammurabi also knew the Pythagorean theorem, and j
is possible that Pythagoras learned it from them. Pythagoras, or hig
followers, towever, proved the theorem. Another of their noteworth

| contributions was the discovery of incommensurability: they realized
that the diagonal of a square is incommensurable to its side. The
Pythagoreans regarded this discovery as a blow to their theory of pro-
portion, which could only be applied to commensurable magnitudes
that had a common measure, but not to incommensurable magni-
tudes.

The best-known and most explicit example of mathematica] rigor
and proof in Greek geometry is Euclid’s Elements (in thirteen books),
which is also the first complete Greek mathematical treatise to have
survived intact. Its enormous utility and ubiquitous use guaranteed
its preservation to the present day. The Greeks had already written
books of elements long before Euclid composed his treatise. Great
strides in geometry had been made at Plato’s Academy, where a num-
ber of great Greek mathematicians had come to study with Plato, who
was keenly interested in mathematics. The most notable were Eu-
doxus of Cnidus (c. 400—c. 347 B.C.) and Theaetetus (c. 417-369 B.c.).
Our knowledge of the history of Greek mathematics is largely derived
from later accounts, the most important of which is by Proclus (a.p.
410-485), a neo-Platonic philosopher, who incorporated much histor-
ical information into his Commentary on the First Book of Euclid’s “Ele-
ments”. The value of Proclus’ account lies in the often unique
information he furnished about Euclid’s predecessors and successors,

Euclid (fl. ¢. 295 B.C.) lived and worked in Alexandria. Virtually
nothing more is known about his life. Proclus informs us that Euclid
“put together the elements, arranging in order many of Eudoxus’ the-
orems, perfecting many of Theaetetus’, and also bringing to ir-

B—
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i e things which had been only loosely
.;wfula'l_ﬂi? de'mo?:cizggsnorg} (Bulmger-Thomas 1971, 414). Proclus also
proved by 1S Pthat has become famous, although its truth cannot be
'mwmasforyl’tolemy of Egypt “once asked him if there were a
ifhﬁﬁed;,vf;,ng) the study of geometry than the Elements, to which he
sharter

that there was no royal road to geometry” (Bulmer-Thomas

Wpljﬂd

I;';']L 4;;2;1@1‘115 is a synthetic mathematical treatise in which Euclid al-
e

; eeds from what is known to something un1.<nown. Occa-
ek PB;C resorts to reductio ad absurdum proofs—that is, prooi?s that
By :eduction to absurdity—in which Euclid shows that if you
L ept a certain conclusion, impossible consequences follow. In
o I}t‘{t ac: : ropositions, Euclid’s Elements include definitions, postu-
Eddlt]ondo giorll?\s The postulates and axioms are placed just before
]a}te's’ o ;‘1 of léook I and form the basis of Euclid’s geometry. The
T'hesi:ub(‘algrtne;;l a:rge relevant only to geometry, whereas the axioms, or
<'gomﬁ10n notions,” as Euclid called them, are relevant to all demon-

strative sciences. Postulates

ises five postulates of the first book are
ved but accepted premises. The P
;;1[12 nu’f:)iﬁloteworthy since they really define the whole chara;ter of thet sga;et
"y : i i i its us to draw a straig
acl etry under consideration. The first permi
;ﬂl: fgri)?nmang one point to any other point; the second allows us to exter}d
f;']l:;t line indefinitely from either extremity; the third all?ws 11115 to drtav:rh a tcnii
' i ter; the fourth asserts that a
a any center at any distance from the center;

_t-lelf:(:::gleg are equal; and the fifth, which is the famous parallel Posh;]ate,
?e%ls us under what conditions straight lines will intersect. The genius o Eu-
clid in recognizing this fifth postulate as a postulate and not attempting for-
mal proof has often been remarked. (Clagett 1957, 59)

The axiotns, or common notions, are self-evident and need no ex-
planation. Because they are few and brief, and becauSt_e most studt;nts
will probably recognize them, it is simpler to cite the five axioms than

to elaborate further:

1. Things which are equal to the same thing are also equal to one another.
2. If equals be added to equals, the wholes are equal.

3. If equals be subtracted from equals, the remainders are equal.

4. Things which coincide with one another are equal to one another.

5. The whole is greater than the part. (Euclid 1956, 1:155)
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With the exception of a few primary geometrical entities, such
points and lines, the existence of which cannot be proved but myg; be
assumed, definitions in geometry define what things are byt do ng

claim that they exist. Existence musi be proved. To illustrate Eucﬁd‘.

ean definitions, the following are drawn from the twenty-three def.
nitions of the first book:

1. A point is that which has no part.

2. Aline is breadthless length.

3. The exiremities of a line are points,
11. An obtuse angle is an angle greater than a right angle.
12. An acute angle is an angle less than a right angle.
13. A boundary is that which js an extremity of anything.

23. Paralle] straight lines are straight lines which, being in the same plang
and being produced indefinitely in both directions, do not meet one ap-
other in either direction, (BEuclid 1956, 1:153, 154)

proposition involves the construction of a figure. Indeed, Euclid be-
gins the Elements with the construction of an equilateral triangle on a
finite straight line. Book I, Proposition 1 reads: “On a given finite
straight line to construct an equilateral triangle” (Euclid 1956, 1:241).
Most propositions, however, are theorems in which Euclid announces
Some geometric principle and then proves it, as, for example, in Bogk
L, Proposition 15: “If two straight lines cut one another, they make the
vertical angles equal to one another” (Euclid 1956, 1:277).

By the time Euclid composed his Elements, Greek geometers had for-
malized the way geometrical propositions were presented to students
and readers. There were six basic parts to a typical theorem;

1. The enunciation, which sta tes what is given and what is to be proved. Thus,
in Book I, Proposition 27, the enunciation declares: “If straight line falling
on two straight lines make the alternative angies equal to one another, the
straight lines will be parallel to one another” (Euclid 1956, 1:307).

2. The next element in a theorem is the setting out. These are the opening
words of Proposition 27, which assert: “For let the straight line EF falling
on the two straight lines AB, CD make the alternate angles AEE, EFD equal
to one another” (see Figure 3.1) (Euclid 1956, 1:307).
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Figure 3.1. Book 1, Proposition 27 of Euclid’s Elements,
which proves that if angle AEF is equal to angle EFD, then
AB is parallel to CD. From Euclid 1956, 1: 307.

The third element is the definition or speciﬁcatio:n., which clearly i'illld C‘;IS-
tinctly asserts what is sought. Thus in Prop'osmon 27, the definition de-
clares: “T say that AB is parallel to CD” (Euclid 1956, 1:3(?7).
#: 'The fourth step was called the construction or m.achmery, which adds dattarthat
. are needed to find what is sought, but whjch‘ is lacking. The very ne;d mees
of the proof constitute the construction: “For, if not, AB:’ CcD uihe? gg 1;37)
will meet either in the direction of B, D or towards A, C {Euclid 1956, 1: .
5. The fifth step in a proposition is the proof itself, which draws tlf1e ?ecessary
inferences by reasoning deductively from the acknow:edged a;c. sl:1 )
[ i of a ical demonstration is the conclusion, which rei er_—
3 ':tk:: ?vr;lztlt Sl':zgieen dtgllrjlonstra ted. Here Euclid simply reEeats the enunm;
ation, or the first step (above). This is done by .the woids "’l"hel:effnre, etcl.l,
where the one simply substitutes the enunciation f01: etc.” This is usixat‘y
foliowed on the next line by the letters “Q.E.D.,” wl?lch stand for tl:le a 1rH1
words “quod erat demonstrandum,” or, “that which was to be emon
strated” (Euclid 1956, 1:308).

Of these six basic elements of a Euclidean theorem, three——enunc_la-
tion, proof, and conclusion—appear in all theorems. The others are in-
troduced only as needed by the requirements of the demonstration.
Euclid’s Elements formed the basis of Greek geometry. _It' washa
model of deductive logic and mathematical synthes.lsf. Utilizing the
solid base of Euclidean geometry, Greek mat}?ematlmans res;lchedﬁa
very high level of achievement. The two most important mathemati-




72 Science and Religion, 400 s.c. to a.0. 1550

cians who contributed to the advancement of Greek :'nathemaﬁ.:-s- il

the Hellenistic period were Archimedes (c. 287-212 B.C.) ang ﬂpullnr.l

nius of Perga (fl. ¢. 200 B.c.).
Archimedes was unquestionably the greatest mathematician gf 4.

ancient world. He was not only a mathematical genius, but wag 41,

renowned as a great engineer who devised various pulley-like devigge
by means of which a small force could move a very large weighy, As
the ultimate example of a small force moving a large weighy,
Archimedes is reported to have exclaimed: “Give me a place to stapg
on, and I will move the earth” (Clagett 1970, 1:213). Numerous math.
ematical works are attributed to him, some extant and some no lap
existent. Archimedes used geometrical analysis to solve problems i
statics and hydrostatics, as in his famous treatises On the Equilibriy
of Planes and On Floating Bodies. Archimedes tackled some mgpy.
mental problems. For example, in The Sand-Reckoner, he attempted
measure the number of grains of sand in the universe after makin

certain assumptions about the size of the world. In modern rmlatfnn_'

Archimedes concludes that the number of grains of sand in the unj.
verse is not larger than 10, To represent such a number, Archimgdes
had to invent a special system to express large numbers. '

In the third proposition of On the Measurement of the Circle,
Archimedes calculates the ratio of the circumference of a circle to its
diameter, a value that we call Pi T, a term that is of modern vintage at|
was not used by the Greeks. As his approximation for the value of 1,
Archimedes gives 31/7 > n > 3 10/71. In On the Equilibrium of Planes,
Archimedes proves the law of the lever by means of geomnetry. In that
same treatise, Archimedes was the first to bring together the elemen-
tary theorems of statics. From Euclid, Archimedes further developed
the method of exhaustion to measure the area of a circle. In the ap-
plication of the method of exhaustion, the area of a circle is calculated
by inscribing or circumscribing polygons inside or outside of the cir-
cle. As the sides of the polygon are doubled, the area of the polygon,
which is always known, becomes larger and larger if it is inscribed,
or smaller and smaller if it is circumscribed. Thus, whether it is in-
scribed or circumscribed, the polygon approaches the area of the cir-
cle. The difference between the circle and the polygon can be made as
small as one desires, and thus a good approximation of the area of a
circle can be determined. Archimedes was undoubtedly a genius in
mathematics, and his influence on the subsequent history of mathe-
matics was deep and lasting in both the Middle Ages and Renaissance.
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. e athematical treatises have been attributed to
,mﬂmugh I}u;r;re;(;u(sﬂl.nc. 200 B.c.), only two have survived, one of
ﬂlﬁ’n .. u:} 0\‘dmentous importance, the Treatise on Conic Sections. In
sehich 15 ﬂAmoﬂonius gives a thorough treatment of conic sections, to
his '?"'.ﬂrk} -fe the names of ellipse, parabola, and hyperbola. His trea-
which e with the works of Archimedes, wouid prove crucial in the
H‘%.arr;iematics of the Renaissance, as well as in the application of
re

pu {hematics to physics, astronomy, and mechanics.
[t

Astronomy

In its early pre-Socratic phase, Greek a}strono‘my was based on broac}
mological descriptions of the celestial region or on the naturel o

S arth: what is its shape, position, source of support, and relation
uuToteher éelestial bodies. Thales, for example believed that the earth
::mains in one position because it is suppor.ted by water, whereas
Anaximander argued that the earth remail?s in the center‘ of‘eve_ry-
thing because it is equidistant from everythu"tg and has no mc.lmatlon
o move in one direction than in another; it ther‘efore remains mo};
tionless in the center of the world. Anaxupenes believed that the' eart
rests on air, which he regarded as the basic substance out of which all
things were made. The Pythagoreans‘ regarded the earth as a sphere
but, in a radical departure from their predeces§9rs and contempc?-
raries, removed the earth from its cen_tral po'smon and located '1t
among the celestial bodies. Like all celestial bodies, the earth was said
to move in a circle around a central fire, which was regarded as the
hearth of the universe. The central fire is not observable from our
earth, because a counter-earth, which also moves around the central
fire, lies between the two. We cannot see the counter-earth because we
live on the hemisphere that faces away from it. The Pythagoreans also
insisted on the divinity of the celestial region and of a.ll its plane.ts. apd
stars. With the possible exception of the Greek atom1st§, the divinity
of the celestial bodies became a standard feature of ancient Greek as-
tronomical thought. .

In this early period of the fifth century B.cC., astronomical observa-
tions were made and data compiled that were used to construct a 'cal—
endar. In the latter part of the fifth century p.c., a body of astronomical
observations and ideas were developed on which subsequent as-
tronomers could draw. It was used to help resolve calendriczfl prob-
lems. The Greeks had a lunar calendar but sought to keep their lunar
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calendar in step with the solar year. Since the solar year is longey.
the lunar year, it was necessary to intercalate months to bring th ¢
into close agreement. Meton and Euctemon were two Arhemﬂﬂ e
tronomers who made their major contributions around 430 5., ﬂi&
former suggesting a nineteen-year solar cycle containing 235 lungy
months, while the latter recognized the inequality of the four Seasppe
and offered estimates for the length of each (Lloyd 1970, 82). ]

To convey an idea of how daring and imaginative Greej CO8Trig.

logical thought was in this period, I need only reiterate what | said
earlier in this chapter about Leucippus (fl. fifth century B.C.) and Dy,
ocritus of Abdera (fl. late fifth century 8.c.), when I had oecas
mention these two proponents of Greek atomism and an infinite unj.
verse and to explain that they believed in the simultaneous exis
of many worlds and perhaps even an infinity of worlds. According
their interpretation, we live in a universe in which the atoms of SOmp
worlds are in process of dissociating and bringing those worlds to an
end, while other atoms are in process of coming together and form.
ing new worlds that will in the far distant future also pass away. Thig
is probably the first time in the history of astronomical and COSMo:
logical thought that an infinite universe was proposed with INnumer-
able worlds existing simultaneously within it.

In Greek civilization, it was the pre-Socratic natural g::hI.Eusnphm
who may rightly be said to have begun the serious study of astron
omy and cosmology. These disciplines were significantly advanced
with the appearance of Plato’s Academy and the mathematicians and
astronomers who were drawn to it. Plato sought to deemphasize the
gathering of observational data in astronomy and to replace that quist
with mathematical astronomy. That is, he sought to represent astro-
nomical motions mathematically, believing that was the true path to
genuine knowledge about the celestial motions. Later writers report
that Plato posed the following question to students of astronomy: “By
the assumption of what uniform and orderly motions can the appar-
ent motions of the planets be accounted for?” (Lloyd 1970, 84). This
application of mathematics to account for the apparent motions of the
planets “by uniform and orderly motions” came to be called “saving
the phenomena.” These motions were almost always assumed to be
circular. As G.ER. Lloyd has expressed it, “The problem could be re-
phrased, then, as being how to combine various uniform circular mo-
tions in such a way that their resultant corresponds to the observed
movements of the planets” (Lloyd 1970, 85). This was the basic ap-

on g

tenece

science and Natural Philosophy 75

technical astronomers followed from the time of Plato to
{hat

=i century. ) . .

; --'E"?E::];ffort to represent the seemingly irregular motions of
e partiest et

W’_‘: nets by uniform circular motions began at Plato’s Academy
N fiid

i m proposed by Eudoxus of Cnidus (c.

-ﬁﬂfﬂ‘e astmm“s::g}f tst):j t;reaﬁastpmathemyaticians and astronomfers
00 4847 B'c.)llu? may have been the first to present the substantw.e
fance s Wks V, VI, and XII of Euclid’s Elements. His great contri-
_ﬂﬂ;ﬂ]i--ﬂf E"“3'[-1lnorn’y h"owever, was to represent the planetary motion.s
pton aStrgf hon{ocentric spheres—that is, a system of concentrlcf
gy ij‘nﬁteml-Lic:}l the earth is assumed to lie at the center. By Eudoxus
gircles 1 vc;vreeks had identified four major motions with which each
g ed simultaneously. Eudoxus’ objective, and that of all as-

i m':E“{chereﬁter, was to construct a mathematical system, basefi
[rnnumﬁl_‘h ations of circular motions, that would represent the fpur si-
@cﬂm - motions and thus locate the planets’ celestial positions as
muil:antiiﬁ;lb as possible. The four motions with which each planet
ace

moved are as follows:

L. a daily motion from east to west

2. a mofion around the zodiac from west to east . .

3. stations and retrogradations, that is, each_ plane_t seems to stop its forw;g !
motion and remain stationary for a certain perlqd a}nd then begin a rrtre~l o
grade motion in the opposite directio'n for a certain time, before again
g in its regular west-to-east direction ’ .

4, changes in latitude, that is, changes in a planet’s nc_:rth—sout ocation,
where it is sometimes higher in the sky and at other times lower.

During the Hellenistic period and down to the time of (;lasdc?"lfs
Ptolemy in the second century a.p., Greek astronomers d.evzsed.ff 11-:
ferent ways of “saving the phenomena”; that is, they deV1§e ; e
ent combinations of rotating circles to represen.t .the four bz?sm mo on}s;
and then, from those motions derived the p051t19nal relgnons.of eac
planet with respect to the earth. At least four major cgnﬁgura tions ?rg
distinguishable. To illustrate their differences, each will be represente

f a characteristic diagram. .
bY'II’ll;l: E:;il?est of these was Eud%)xus’ system o.f ho.mocentrlc sph;rels;
in the fourth century B.c., which is represented in F}gure 32 N_l;rs a
Clagett, from whose book this figure is taken, explains the significance
of each of the four spheres as follows:
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{1}

Figure 3.2, Eudoxys’ system of homocentric

spheres as applied i
S PPlied to a single planet. (Clagett

.splgres will . . - cause the planet to describe about the
l1)111 reek the hippopede, or “horse-fetter”, .
ance to the looping motion described by th

: zodiac the curve called
.. This curve bears a fair resem-
e planets. (Clagett 1957, 88-89)
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i3 total of twenty; and one sphere for the daily rotation of the
haavens His homocentric system was founded on inadequate obser-
Cean Like all other Greek astronomers, Eudoxus did not treat the
-?""'F.‘f_,m,._, motions as part of a single celestial system. Rather, he de-
ﬂl':fr;ed the motions of each planet as independent of all other plane-
't-n.l‘-":‘ spheres. Aniong some of its major deficiencies, the homocentric
<tem did not allow for variations of planetary distances from the
warth, a phenomenon that was discovered later from the observed vari-
shility of brighiness for each planet, and it failed to explain the in-
i ﬂj_th,r of the seasons. Nevertheless, Eudoxus’ system remained
ular, and a few later astronomers sought to improve it. But Eudoxus
and his successors were in agreement that their homocentric spheres
were purely mathematical constructions without physical reality. Their
gfforts were solely intended to account for the positions of the planets,
without any claims of actually depicting the physical cosmos.
It was Aristotle who converted Eudoxus” mathematical system into
u physical system of the world. Aristotle integrated Eudoxus’ separate
spts of planetary spheres into a single system of concentric spheres,
ranging from the outermost celestial sphere of the fixed stars to the
innermost sphere involved in the moon’s motion. Although the total
number of spheres Aristotle intended to incorporate into his system
Is in dispute—the number ranges from forty-nine to fifty-five—it is
clear that Aristotle assumed that all the spheres were in contact. This
was a necessary move, because Aristotle firmly believed that all mo-
tions in the world begin with the outermost sphere of the fixed stars
and are transmitted successively down to the region below the
moon—that is, to the earth where these motions affect all living things.
There were many problerms with Aristotle’s system of physical con-
centric spheres, one of the most important being its unsuccessful at-
tempt to explain how the effects of celestial motions could be properly
transmitted to the earth by means of the mechanisms he employed.
The problem was that if all the spheres were in contact, each sphere
would be affected by the motions of all the spheres above it. For ex-
ample, the motion of the innermost sphere of Saturn’s four spheres
would impinge on the motion of the outermost sphere of Jupiter’s
four spheres. To resolve this problem, Aristotle assigned what he
called “unrolling” spheres to prevent the motions of a superior planet
from affecting the motions of the spheres belonging to the planet im-
mediately below it. Thus, to Saturn’s four spheres Aristotle added
three unrolling spheres, which moved in the opposite direction of Sat-

ﬂgfﬂ
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urn’s second, third, and fourth spheres. By this Means, Arjgan
sought to cancel the movements of all of Saturn’s spheres except .
first, or outermost, sphere, which moved with the daily motion, Iy ffe
way, Jupiter’s first, or Outermost, sphere would be affected gpjy
the daily motion of Saturn, and thus its daily motion would be intaey
The motions of Jupiter’s three inner spheres were then cancellag)
the action of its three unrolling spheres. The same tactic Was applisg
to all the other planets in descending order,

Atistotle’s system was an astronomical failure but a huge Physica
Success. Astronomers soon abandoned Eudoxus’ hﬂmﬂc{*nlﬁc:
spheres, but for the next two thousand years, natural Philosopher,
and cosmologists almost unanimously adopted some Version of A
totle’s physical system of concentric spheres (see Figure 2.1).

As better observations became available, Greek astronomers mioved
away from homocentric spheres to other combinations of uniform cjp.

cular motions. Whatever combinations of circles Greek astronomers -

used to represent planetary motions, they were agreed that theijy S0y
objective was to “save” the astronomical phenomena as accurately g4
possible, not to discover the real and true configuration of the celes-

great Claudius Ptolemy in the second century A.n., a work that was
not surpassed until the sixteenth century, when Copernicus published
his monumental treatise.

Ptolemy’s three basic models were first put forth in the third century
B.C. by Apollonius of Perga, the great mathematician,

The first model was based on an eccentric circle, that is, a circle in
which the earth does not lie at the center, so that the planet does not
move with uniform motion around the earth, but moves uniformly
around a geometric point located at the center. This is illustrated in
Figure 3.4, where O is the sun’s circular path, S is the sun, E is the
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Figure3.3. Ptolemy observes the stars using a quadrant. Frqm G{regor Reis_ch's Margarita
philosophica. (Basel, 1517. Courtesy Lilly Library, Indiana University, Bloomington.)

earth, and C is the center of O, the sun’s circular p.::xth. The advantage
of this system was that it could represent the varying speeds off pl}aln—
ets; that is, planets are observed to move slower when they are farther
from the earth and quicker when closer to the earth:

The second basic astronomical model was the “epicycle on a defer-
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S

Figure 3.4. Eccentric circle showing
the motion of the sun around the
earth. In this model, the earth does

not lie at the center, {Clagett 1957,
94.)

A

D

Figure 3.5. Epicycle on a def-
erent circle showing the motion
of the sun around the earth,
{Clagett 1957, 94)

ent.” Here the earth was again located in the center, but the planet’s
varying distances from the earth were now represented by a small cir-
cle placed on a large circle around which it rotated. The large circle
was called the deferent, or the “bearing circle,” and the small circle that
moved around the circumference of the deferent circle was called an
epicycle, or a circle on a circle. In Figure 3.5, the earth, E, is at the cen-
ter of the deferent circle, D; the sun, S, moves around G, the center of
the epicycle. The epicycle, in turn, moves around the circumference of
D. In this way, the sun’s distance from the earth varied just as in the

-
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Figure 3.6. The equant model proposed by Ptolemy. (Lind-
berg 1992, 102.)

ceentric system. Indeed, the equivalence of the twc.) systems may
;;E.reenbeen zhown first by Apollonius of Perga in the third igntu;y 2.}(1:(;
: y
In his Almagest, Ptolemy opted to represent ;hc; suntsar:ccl) 1213e Y the
eccentric model rather than the eP{cycle on (?1 eferent, g o s
implicity of using one circle rather than two, thu
E?‘gsi&;;%;et::rpsarafnougt Greek gdesire to represent natural phe-
nuména in the simplest mathematical.way. o when
The third model did not appear until the second cent?:ymér .reﬁne-
Ptolemy proposed it in his Almages.t. [t proved to be a }:’ per refine.
ment of the eccentric system, to Wmﬁh}?toﬁaﬂ}étﬁg\eﬁsﬁ i; o
“ ” point, with respect to which a p mo
;Ilﬁeigu:;ualptimes. In FiglIJJre 3.6, the eqlJ:ant p01.nt is locateid a:) gtg
planet moves with equal angles 1:111 equatl tm}etsh :;v;tilc ;:)ngg (t(; gearth)
i t to points C (the center o . ;
ani: gitgvt\':;tf?c:ip:; weII'Za the advances in Greek mathematlcz:l as(;cﬁ)l?-
omy in the Hellenistic period and later, therg were othe; no e:}\:e " r}:
contributions to astronomy in that same period. Aparthrlo_lx?‘l e fur
ther development of observational astronomy, to w?nc fl(]::?r e
of Nicaea (d. after 127 B.c.) made important cqntnbuhons, aAlread X
astronomers proposed daring new cosmological schemes. y
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the fourth century s.c., Heraclides of Pontus (c. 390-d. after 339 mey
a pupil of Plato, proposed, perhaps for the first time, that the “ﬂrlh"rwg
tates daily on its axis. Despite the fact that Heraclides’ Proposat Faifyg
to gain much support, Aristarchus of Samos (c. 310-230 B.C.), ope of
the greatest mathematicians of antiquity, proposed the first Knowy
version of the heliocentric hypothesis some 1,700 years hgzmm
Nicholas Copernicus proclaimed it. Indeed, Aristarchus hag Often
been called the Copernicus of antiquity.

Aristarchus’ achievement is known to us from later WIiters, such as
Archimedes and Plutarch (c. 100 a.n.), who tell us that Aristarchye
proposed that the sun rests at the center of our cosmos and that the
earth moves around the sun while rotating daily on its axis. Hower
the heliocentric system gained only one known supporter: Seleucyg
the Babylonian (c. 150 B.c.). The greatest figures of Greek 14t11:-|1nm:,=.._'_
especially Hipparchus and Ptolemy—rejected it, and it was therefore
never seriously considered until Copernicus proposed it as the trig:
system of the world in his great work of 1543, On the Revolutions of e
Heavenly Spheres.

Mechanics and Optics

The Greeks began the development of mechanics in the fourth cefr-

tury B.C., with contributions made by Aristotle and Archytas of Tar-
entum (fl. c. 375 B.c.). Indeed a treatise titled Mechanics has been:

ascribed to Aristotle, although it was more likely written by Strato of
Lampsacus (d. c. 268 B.c.), one of Aristotle’s successors at the Lyceum.
The most significant contributors to mechanics in the Hellenistic pe-
riod were Euclid and Archimedes. Euclid composed a Treatise on the
Balance in which he proved the law of the lever geometrically, as did
Archimedes in On the Equilibrium of Planes. In treating weights geo-
metrically, Archimedes introduced a level of abstraction that had not
been previously achieved. The same level of abstraction charactorizes
On Floating Bodies. In Proposition 7 of this work, we find the famous
“principle of Archimedes,” that “the solid will, when weighed in the
fluid, be lighter than its weight in air by the weight of the fluid dis-
placed” (Clagett 1957, 75).

During the third century B.C., treatises on mechanics were also writ»
ten by two other significant authors, namely Ctesibius (fl. 270 B.c.) and
Philo of Byzantium (fl. c. 250 B.c.). As with medicine and astronomy,
the most comprehensive treatise on mechanics that has survived from
the ancient world was composed after the Hellenistic period, in the
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. _untury A.D., during the period of the Roman Empire. The'trea—
first e .t'[-]h.zd Mechanics and its author was Hero of Alexandria (fl.
gige WOS ; wong numerous contributions, Hero describes the five sim-
AP ﬂj&ﬁ:ﬁ.—-"wheel and axle, the lever, a system of pulleys, the
e d :che screw”—and also applies the principle of the lever to
1I"r‘.":-;;-,,ét'-.:‘rl":wa.' (Clagett 1957, 76). Among numerous other treatises,
the wrote the Prneumatics, in which he includes discussions and ex-
Horo nts about vacuum, air pressure, and water pressure. Hero was
4 llij.,r expert at mechanics but also a fine mathematician.

m@.}ﬁeuic optics were usually treated separately from theories an
visil:lﬂr but the two were nevertheless interrelated, becauss.a even 1¥1

E.mei:rir:al optics one had to base the gef)metry on s.ome kfnd of vi-
Zion theory, Here again, Euclid plays a major role, having written Opt-
= o treatise that is almost wholly geometrical, with little concern for
ummluriezi of vision. Euclid used the law of reflection in one of his proofs,
although that law had already been known to the_ Greeks a century or
sobefore. As for theories of vision, Euclid largely ignored them. David
Lindberg, the aknowledged authority on ancient and medieval optics,
observes that “if you were willing to confine yourself to that \_:vl.nch
could be addressed geometrically, Euclid’s theory was a I?rllhant
achievement; if you were interested in any of the nongeometrical fea-
tures of vision, Euclid’s theory was next to useless” (Lindberg 1992,
106}.

Claudius Ptolemy, who, as we saw, was the author of the greatest
astronomical work of this period, also wrote the greatest opticelxl trea-
tise in antiquity. Thus once again, the greatest treatise m a scientific
subject was composed during the Roman Empire, a period that hz-:s
often been misleadingly characterized as weak in science. Ptolemy’s
Qptics is not only highly mathematical but also experimental. Ptolemy
uged Buclid’s law of reflection but went far beyond with a theory of
refraction. According to Lindberg, Ptolemy “passed on to future gen-
erations a thorough understanding of the basic principles of. ref‘rac—
tlon, a clear and persuasive example of experimental investigation,
and an important body of quantitative data” (Lindberg 1992, 108).

GREEK SCIENCE IN THE ROMAN EMPIRE TO THE
SIXTH CENTURY A.D.

The achievements of the Greeks in science during the four or five
centuries prior to the advent of the Roman Empire and Chrlstlam.ty
are truly impressive. As we saw, the Greeks laid the basis for the life
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sciences (medicine and biology) and the exact sciences (mathemgg

astronomy, mechanics, and optics). With the emergence of the Ry ©
T

w'l

to record significant accomplishments that were o 4 par with tha besy
=

Empire from the first to the sixth centuries, Greek science Chn
Ny

achievements of their predecessors in the Heljenist i !
already mentioned Claudius Ptolemy and G;fgs(t: Ei;loli;)we o
two of the greatest scientists of the ancient world. We .ha'we o
Ptolfemy composed the greatest astronomical and optical woflfsEm
tiquity, ar}d that Galen was the greatest physician and medica] o
in the ancient period who left many works that shaped the siihs Wrimr
history of medicine. But there were other significant contrib e
the advancement of science. R
In mathematics, major contributions were m lie -
Gerasa (fl. C. A.D. 100), Diophantus of Alexandriid(fl!’l.b X.: T;;S; dlfi:us “f
of Alexandria (fl. a.p. 300-350), Theon of Alexandria (. sec:’onclplfIuﬂ
of fourth century a.p.), Proclus (c. A.D. 410-485), Eutocius of Asp, 13”.
(b. c. A.D. 480), and Simplicius (c. a.p. 500, after 533). Four of tlﬂ '
aut_hors—Pappus, Theon, Proclus, and Simplicius—wrote cmmrfse
taries On one or more books of Euclid’s Elenents. They not only ¢ i
mentf?d on Euclid but also added their own mathematical lhi}:u ?m?
and 1deas.. Nicomachus of Gerasa and Diophantus of Alu‘c.ﬁniji'lb
wrote treatises on arithmetic: Nicomachus’ titled Introduction t-o —1.»";?*3l
metic, and Diophantus’ treatise bearing the title Arithmetic 1N'I ;
machus’ Introduction is of little significance in its own right l:;ut ;CD-
used as the Pasis of an important Latin work, Arithmetic by Elnne:lhi;ls
in the late fifth century, which played a very irnportanlt role in mt:
dieval n.1al.%h_ematics. Diophantus extended considerably the earﬁer
more primitive, algebraic analysis that had been used in geomet H :
introduced, apparently for the first time, algebraic notation and ?;i .
for the 1.mknown. Clagett informs us that “Diophantus easil solvgg
quadratic equa_tions (involving the unknown squared) and in )(;ne e-
cial case a cubic equation. His name is sil] connected with the szlfu-
tion of what are called indeterminate equations. There can be little
doubt that Greek mathematical genius was still burning brightly at
the time of Diophantus” (Clagett 1957, 117). vy
Other significant contributors to mathematics during the Roman
Empire could be cited, but Pappus of Alexandria, who wrote in the
century afte.r Diophantus, deserves special mention. In addition to his
commentaries on Euclid’s Elements and Ptolemy’s Almagest, Pappus’
most important contribution was the Mathematical Collection’in VI\«J'II:ICh

:ﬁﬁﬁlu
solutions to T e
.-.‘W Ldion is, therefore, of great historical significance. But more than
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ded many important ancient mathematical problems and gave
those proposed by previous mathematicians. The

hat, PAPPUS often made improvements on these proofs. Sir Thomas
._;?;aﬁ{ga}-.s of Pappus’ Mathematical Collection: “Without pretending to

1 originality, the whole work shows, on the part of the author, a
shorough grasp of' all the subjects _treated, mdepender}ce of judgement,
mastery of technique; th-e style is terse gnd clear; m.sbort, Pappus
tands ouf as an accomplished and versatile mathematician, a worthy
,mpmsentaﬂve of the classical Greek geometry” (Heath 1921, 2:358; see
slsp Clagett 1957, 118).

Just as Greek astronomy reached its apogee with Ptolemy’s
Almagest, Greek medicine also reached its greatest heights in the sec-
ond century A.p., with the medical treatises of Galen of Pergamum
(a.0. 129-d. c. 200; see Figure 3.7). Galen studied philosophy and
mathematics before pursuing medicine as a career. He studied and

ractced medicine in a number of cities of the ancient world, includ-
ing Pergamum, Alexandria, and Rome. He wrote an incredible num-
ber of treatises, which fill more than twenty volumes in modern
editions.

Galen firmly believed that philosophy is an essential part of med-
jcal education and even expounded that idea in a treatise, That the Best
Dactor is also a Philosopher. Indeed, he is said to have composed some
twenty commentaries on Aristotle’s logical works. As a physician,
Galen may be considered a general follower of Hippocratic medicine.
He firmly believed that the basis of medicine is clinical observation
and the evidence of the senses. Although other great physicians fol-
lowed Galen—especially Avicenna (Ibn Sina) and Al-Razi (Rhazes, as
he was known in Latin), two great Islamic physicians—it was largely
Galen’s ideas about anatomy and physiology that were dominant in
medicine until the seventeenth century. Galen carried out vivisections
on animals, especially barbary apes. In one of his best-known works,
On the Natural Faculties, Galen includes reports of a few of his vivi-
sections. By his day, Roman authorities forbade human dissections
and vivisections, so Galen did the next best thing and used living an-
imals. In On the Natural Faculties, he describes his experiment show-
ing that in a living animal the flow of urine from the kidrey to the
bladder is irreversible; he later describes how he investigated the di-
gestive processes in pigs, to whom he fed a liquid mixture of wheaten
flour and water. After three or four hours, he cut them open and ex-



Figure 3.7. Galen, physician and philosopher. (Wellcome Library, London.)
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. the state of the food in their stomachs (Cohen and Drabkin
Cain AB(-483). Galen did even more experimental dissection and vivi-
ﬁﬁ;}""m animals in On Anatomical Procedures. In that treatise, Galen
ylse stressed the importance of knowledge of the parts of the body.
“Wihal could be more useful,” he declares, “to a physician for the treat-
ment of war-wounds, for extraction of missiles, for excision of
hones . . - than to know accurately all the parts of the arms and
S s - If a man is ignorant of the position of a vital nerve, muscle,
artery, or important vein, he is more likely to be responsible for the
death, than for the saving, of his patients” (Lloyd 1973, 151).
~ Galen’s approach to medicine was greatly influenced by his con-
yiction that the world is teleological; that is, everything exists for a
purpose. In a treatise titled On the Use of Parts, Galen explains the pur-
pose and function of each part of the body. He seems to have believed
in a creator and may have been influenced by the mystery religions

of his day, which were spread across the Roman Empire, as we see

from this passage in On the Use of Parts, where Galen describes his
treatise as “a sacred book which I compose as a true hymn to him who
craated us: for I believe that true piety consists not in sacrificing many
hecatombs of oxen to him or burning cassia and every kind of
unguent, but in discovering first myself, and then showing to the rest
of mankind, his wisdom, his power and his goodness” (Lloyd 1973,
151).

From the above account, it is obvious that Greek science was still a
vibrant force in the Roman Empire. Greeks who lived in that empire
and were interested in science and natural philosophy drew upon the
achievements of their predecessors and in a number of significant in-
stances even added to that legacy. During that same period, how-
ever—say, from Caesar Augustus in the first century A.p. to the end
of the sixth century a.n.—significant changes took place that affected
the status of science in Greco-Roman civilization.

Those who engaged in science and contributed to its development
in one field or another during the ancient period constituted a small
group with relatively little influence. Scientific subjects and ideas were
undoubtedly discussed in famous philosophical schools—Plato’s
Academy and Aristotle’s Lyceum, for example—and medical schools
scattered in various cities of the Greek world. But these were not akin
to modern scientific research institutions. Although some scientists
and natural philosophers were in direct contact at this or that school,
most contributors to science worked alone and learned their science
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They incorporated old knowledge into certain literary

Wwere conducive to its preservation. To achieve this, two
e that were developed: the handbook and the commentary.

I = 'gﬂnlﬂf'-"

from manuscript copies of scientific treati
ses that may b !
tune have been available where they resided, or which 1); aY Bong foy.

eetiote o private librarics (The quality and accuracy Of)ilirs? bet

the ancient worlq Was a sporadic affair carried n i
tered over a vast area TheP;r Sometimes sought ec;c: )c:tl;'lil:)’liu:]s smf The Handbook
involved contending with enormous difficulties of trave] a;-ldm v iigk. tmc ttion in actence and naural philosophy was
formidable o stacles, such ag war, plague, and political yip| Othey e han t that, already in the fourth century b.c., Greeks began
the most pary s ihe grent o1 2 Pheava) p ided by the f'a.C - i d thus summarizing the
i jority of contributors to saa s histories of different sciences an B
worked by themselves angd could only converse with colleagues i i s nts of some of the great mathematicians, astronomers,
happened to live in the same town oy city. Because books and j TE Hﬂhiwe:;?aﬂj and physicians. Eudemus of Rhodes (fl. second .
mation on any particular scientific subject were difficult to obtainn o :mﬂchaﬂgnturjrf ».C.), one of Aristotle’s pupils, may have been o
manuscript copies were often unreliabje and uncertain, we ﬁhDuIﬂ? Eﬂ ﬁJMﬂ?f: such histories. Three have been attributed to him: a History of
all the more Impressed by the achievements of the ancients ijn soi X i tic, a History of Geometry, and a History of Astrononty. None of
But when we reflect on ancient science, we should not think c;f ::1 d e ori(s has survived, but because later writers used them, the
ern laboratories and facilities, or of sclentists who could foeys wh m” ; Ihese :nd thoughts have been preserved. Our knowledge of eafrly
on their research ang Communicate with each other aimost at will ;? " seey and astronomy derives largely from Eudemus hismnca}l
ence in the ancient worldg was a tenuous and ephemeral mattey. ]';ah 3 gﬂi!l?s Such fenises were not intended as vehicles for original sci-
people were indifferent to it, and its impact was meager. It was g ue:j t W(;iﬁc'contribuﬁon& but rather to record, and perhaps describe, thos.e
small number of Greek thinkers who laid the foundationg for wh ]: .:' 't"had already been made. It was probably a relatively easy transi-
would eventually become modern science. Of that small numbe; Z :'ni;l ORI O (D E s [ Teels Wi Fen dise
few were especially brilliant and contributed monumentally to the 34. | ihistorY bt ey oscord what had happened in a given disci
vancement of science. ﬂ]ﬁle or science, but also to popularize and disseminate knowledge to
'And 80 it was that the Romap, Empire inherited the legacy of Greek E,Dse who were interested in scientific subjects but might not ha\_fe
Science. But along with the great tradition of Greek science came other | gein capable 0" understarding the technical proofs and arguments in
trends and tendencies from the preceding centuries to which scholare a I’igorous, original scientific treatise in mathematics or astronomy, for
In the Roman Empire added their own. With the exception of a few | example. ifi
individuals like Hero of Alexandria, Ptolemy, and Galen, there is Jit Indeed, Aristotle, Eudemus’ teacher, may have played a Sl ot e
tle doubt that the crea tivity and originality that characterized the Hel- solein the handbook movement B e S e
lenistic period was considerably diminished during the centuries of ence and natural philosophy were of great interest to him. Gathering
the Roman Empire. There may have been a number of causes for this, data on many subjects and organizing it for easy dissemination as
_From the sixth century to the end of the first century s.c., the Greek a regular activity at Aristotle’s Lyceum. Aristotle undoubtedly in-
ideal of scientific inquiry had always been to Pursue knowledge for pired his successor at the Lyceum, Theophrastus (c. in which he
1ts own sake and thereby to increase the sum total of knowledge. This who was a prolific author, especially in botany, a subject in which he
was the ideal of Plato ang Aristotle and of virtually all Greek scien- was regarded as the fundamental authority until the sixteenth century.
hsts- and natural philosophers. This driving force to seek knowledge Hundreds of treatises have been attributed to him, but the QG hat is
for its own sake st its impetus during the Roman Empire. What re- most relevant for the handbook tradition is his Physical Opmffms: £
Placed it was a desire to preserve knowledge rather than expand i, work of exghicen books. However, like most ancient works, it s lost,
Scholars tended to repeat what they learned from the past, especially Fortunately, it was used so frequently by later compilers that scholars
the words and thoughts of great figures, such ag Euclid, Aristotle, and have been able to reconstruct the first and eighteenth books and to ob-
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tain a good idea of the subject matter and content of the Temain;

books. Thus, Theophrastus’ Physical Opinions played the rola of ﬁ
typical handbook of the Hellenistic period: it widely d sseminated §,
formation and was used for many centuries until well into the laje
Roman Empire. But Theophrasus was only one source of many, Thﬂ@

were handbooks on astronomy, arithmetic, geometry, botany,
and many other topics.

Whether a handbook was written in the first century B.C. or in the
fourth century A.p., it usually reflected the science of a much earlier
time, often the first two centuries of the Hellenistic period. Once thy
handbook tradition took root, the body of information that wag trans.
mitted from one handbook author to another through the centurios
tended to remain fairly constant. There were of course additions and
deletions, but the main body of handbook knowledge had become
rather ossified.

By the time the Romans ruled the lands around the Mediterranean
Sea and came into regular contact with Greek learning, the handbggk
tradition was the major source of scientific and philosophical knigwi-
edge. The Romans found that format utterly congenial, as is evideny
from the numerous handbooks that have survived and from the titleg
of many that did not. They seem to have ranged over most topics
{Stahl 1962, 66-67).

With the exception of those Romans who learned Greek and might
have read Greek science from the original works, Roman ACquair-
tance with Greek science was almost wholly by means of handbooks
that were translated from Greek into Latin. Few treatises actually
composed in Greek by Greek scientists and natural philosophers
were translated into Latin. If the basic ideas of such Greek treatises
became available it was by means of handbook summaries in Latin,
which were usually translations from Greek handbooks, to which
Latin authors might add what they wished. Although Latin hand-
book authors frequently cited the names of great Greek scientists,
such as Eudoxus, Archimedes, Euclid, Ptolemy, and others, they did
not read those treatises and probably never even saw them. It was
customary to pretend that one was familiar with the treatises cited,
but that was rare indeed.

At first, in the second and first centuries B.c., the Romans wrote en-
cyclopedic treatises based on Greek handbooks. The first of these was
by Cato the Elder (234-149 B.C.), who wrote on many topics but was
a traditional Roman who was very hostile to Greek learning. Marcus

Zun!ugg_
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e Varro (11627 B.C.) was perhaps the most proliﬁc.Rc.)m.an en-
S dist. He wrote a treatise titled The Nine Books of Disciplines, in
‘;?ﬁuped resents the Greek liberal arts of rhetoric, grammar, and di-
:Iﬂmd‘.hetzfl; came to be known as the frivium, and arithmetic, geom-
dlectic }:E.Dﬂmn}-, and music, which came to be known as the
u_ll':'}*;__’;;"”‘ The trivium and quadrivium would become the basis of
i { tion in the early Middle Ages. For although Varro’s Nine Books
ﬁéuﬂﬁ inhines is lost, borrowings from it were so extensive that sub-
; ﬁ:ijportions of his legacy were preserved and proved influential
%ﬂu'ﬂa rly Middle Ages. Although others might be mentioned, Titus
EIEFE"HHS Carus (c. 95-55 B.C.), or Lucretius, is one of the last‘ of the
encyclopedists of the Republican era of Rome. LuC{‘etius is of impor-
jance because he followed the atomic theory of Epicurus in compos-
ing his famous treatise, On the Nature of Things (De rerum natu.m). le.e
Eﬁmmg and other atomists, Lucretius believed that the universe is
ancreated and contains an infinite number of worlds, a doctrine that
mast Christians would find objectionable. When it drew attent%or\, Lu-
cretius’ treatise was always regarded with hostility by Chrisgan nat-
ural philosophers. Because of its unacceptable cosmology, his woFk
did not play any significant role in the Latin West until the Renais-
sance. _
During the Roman Empire period, there were numerous compila-
tions of science information. Marcus Vitruvius Pollio (first century

“#.¢.), known as Vitruvius, wrote the famous treatise On Architecture;

Aulus Cornelius Celsus (fl. ¢. A.p. 25) produced On Medicine, an im-
portant source of information on the history of Greek medicine; Lu-
ciys Annaeus Seneca (c. 4 B.C.—A.D. 65) wrote Natural (Questions, a
treatise on physical geography and meteorology, subjects Aristotle
considered in his Meteorology but that Seneca never read. Like so many
other Roman writers on this subject, however, Seneca may have de-
tived much of his information from Posidonius {c. 135—c. 51 B.C.), a
Greek philosopher who wrote on many topics, including geology, me-
teorology, and geography and who relied on Aristotle, especially in
meteorology. Seneca’s Natural Questions was quite influential during
the Middle Ages. But even more influential was Gaius Plinius Secun-
dus {(c. A.D0. 23-79), or Pliny, as he was known.

Pliny was probably the most unusual author in the ancient world.
He wrote a lengthy treatise titled Natural History in thirty-seven books.
William Stahl captures Pliny’s prodigious energy for scholarship in
these words:
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Pliny used to arise at 1 or 2 A.M., sometimes at midnight, to begin hig schol.
arly researches. If need be, he could drop off to sleep in a moment ang ata
resume his studies upon awakening. He began his round of official dl:timtl
fore dawn, making his call upon the emperor Vespasian, who alsg Mada
practice of working at night. By noon these official duties were i_l'lTI'I-P-leh;‘_
and he was back at home. After a light lunch and a brief nap, or Perhaps
rest in the sun, while making notes or extracts from a book that wag read l::
him, he took a cold plunge bath, perhaps another nap or snack, and then v,
ready to return to his studies in earnest. No book passed through his |~,,md:
without his excerpting from it; he maintained that none was so bad it did gy
have something of value. He worked until dinner; even during the mej| 5
book was read to him and an amanuensis marked passages for copying. L"fln.u,_;'.
when a dinner guest chided the secretary for mispronouncing a word, Pliny
rebuked the guest for losing ten lines by the interruption. During stays at his
country villa Pliny devoted all his time to study. Only the time he was acty-
ally immersed in the bath was lost to scholarship, for while he was I!-Eing

rubbed down and dried a book was read to him or he dictated notes. On trips-

in winter his secretary was by his side in the sedan chair, wearing gloves s
that the cold weather would not interfere with reading and note taking. (Stah
1962, 102-103) '

By such dedication to scholarship, Pliny produced his remarkable
Natural History. After presenting a table of contents in the first book,
Pliny devotes the second book to a summary of astronomical knowl-
edge. The next four books are devoted to geography with the seventh
concerned with man and his inventions. Books VIII to XI describe all
kinds of real and imaginary animals. Botany forms the subject of
Books XII-XIX, with medicines made from plants forming the theme
of Books XX-XXVIIL Medicines made from man and animals are con-
sidered in Books XXVIII-XXXI. Aquatic animals and their properties
are treated in Book XXXII. The last five books (XXXII-XXXVII) are
concerned with metallurgy, plants, and gems (Clagett 1957, 110-111).
Pliny’s overall plan, which he did not rigorously follow, was to pro-
ceed from the cosmos to the earth and from the earth to the things on
it, namely animals, vegetables, and minerals. In the preface, Pliny con-
veys something of the massive character of his treatise when he ex-
plains that he has used 100 principal authors from whom he has
gathered 20,000 basic facts for his book. Modern scholars have
counted 473 authors (373 may have been of secondary importance)
and 34,707 facts. Whatever the number, Pliny’s Natural History is a vast
storehouse of factual information about our world, even though much
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<t may be unreliable, since Pliny simply copied his facts from what-
of books were available to him. Pliny’s influence, however, was
ﬂ“];.u-.'nuﬁ, Nutural History was a major source of scientific informa-
g‘; during the Middle Ages. Others who wrote Latin handbooks and

= ﬂ,-dﬂpgdic treatises are more appropriately mentioned under the
:j-i','i!.-.l']f widdle Ages.

The Commentary

puring the Roman Empire and into the early Middle Ages, the over-
whelming manner in which information about science was dissemi-
nated was unquestionably the handbook, or encyclopedia. But
another significant form of literature also emerged during the Hel-
|enistic period and eventually surpassed the handbook as the domi-
#ant mode of scientific dissemination. This was the commentary on a
taxt.

In contrast to the handbook, commentaries focused on a specific text
rather than presenting a wide range of information on numerous top-
ics. The commentator’s objective was to explain the meaning of the
text to an audience interested in the treated author and subject. The
commentator usually proceeded through the treatise section by sec-
tion, explaining the text of each section and perhaps adding interpre-
tive remarks or comparing opinions of the author with those of other
past or contemporary Greek authors. In the Middle Ages, the com-
mentary form assumed a questioning format (see chapter 6). Com-
mentaries demanded a higher level of analytical and expository skills
than handbooks. The commentator usually had some knowledge of
the subject of the text and may have been a follower or student of the
textual author. One of the first works to be subject to commentaries
was Euclid’s Elements. Although commentaries on that treatise were
probably written in the second and first centuries B.c., those that are
extant derive from the Roman Empire period, when commentaries
were written by Hero of Alexandria, Pappus of Alexandria, and, in
the fifth century, by Proclus, a neo-Platonic philosopher. For the in-
formation it contains about the history of geometry, Proclus’ com-
mentary is easily the most significant.

The most important commentaries for the interrelations between
science and religion were those on the works of Plato and Aristotle,
composed in the centuries after the birth of Christ. The most impor-
tant single commentary on Plato was by Calcidius, who lived in the
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fourth or fifth century. Calcidius translated about two-thirds of Plag
Timaeus from Greek into Latin, adding a Latin commentary, Epp,. "
ded in Calcidius’ commentary were important descriptions of (3.

Wy

astronomical knowledge in a period when such information Wag I'elr.:

atively scarce. Calcidius furnished Western Europe with its only g
nificant direct knowledge of a Platonic treatise. His translatiop, W
important because it was the only extensive text by Plato knows fis
readers in the Latin West for approximately 800 years. '
Another significant commentator on Plato was Proclus (e
410-485), a member of the Athenian school of neo-Platonists, Proglys
was a prolific author, and although most of his works have been |3y,
we do have his commentaries on Plato’s Timaeus, Republic, and Pary.
enides, which, however, were not known in the Latin Middle Agpes,
Because Aristotle is the key figure in this study, commentarjeg in
his works are the most relevant. During the Roman Empire, Arigy.
tle’s texts assumed great importance. Between a.p. 200 and 600, Grepk
philosophers and natural philosophers commented on Aristotle’s tuxjs
to such an extent that approximately 15,000 pages of comments haye
been preserved, much of it still unknown and unanalyzed. The greay
production of commentary literature on Aristotle’s works is largely
explicable by the fact that most neo-Platonists held Aristotle’s works
in high regard. They were the dominant philosophical school in Jate
antiquity. The greatest number of Aristotelian commentaries in this
period came from the neo-Platonists, largely because they mistakeniy
regarded the thought of Plato and Aristotle as harmonious and soy ght
to demonstrate this whenever feasible. The philosopher Porphyry (c.
A.D. 232-d. . 301-306), a student of Plotinus, the founder of neo-
Platonism, was the main proponent of this tactic, which became chay-
acteristic of neo-Platonist commentators during the next few
centuries. There were also genuine followers of Aristotle—usually

Aphrodisias (fl. second—third century a.p.), who left commentaries on
Aristotle’s Metaphysics, Prior Analytics, and Meteorology and a few
other treatises; and Themistius (c. a.p. 317—. 388), who wrote com-
mentaries on Aristotle’s Physics, On the Heavens, On the Soul, and other
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hose works were subsequently translated from Arabic into
and wh

L2 e neo-Platonic commentaries on Aristotle’s

_-ﬁnhnugl:terzl :f:it?efn t11;1 the third and fourth centuries have been lost,
texts P xErom the fifth and sixth centuries have been preserved. Two
; ﬁwﬂlﬂ:ﬂmm from this later period had a great impact on the sub-
mmmenhistory of the influence of Aristotle’s thought in Islam and the
5‘Er'I:ﬂErT:‘\t[est during the Middle Ages: John Philoponus (fl. first half of
Lﬂml tury A.D.} and Simplicius (c. A.p. 500-d. after 533). Philoponus
-sh-ﬂ.l ce?nelv important because he was both a Christian and neo-
- exh'f;': Aristotelian commentator. Unlike most Aristotelian com-
men{: s -however, Philoponus was very critical of Aristotle’s ideE}s
men]tlﬂ -:u:s and cosmology, some of his criticisms deriving from his
Enhrissirlan beliefs. Simplicius was also a neo-'Pla_tcTn'ist commentﬁ.tlor,
but he defended Aristotle against Philoponus. cr1t1c1§ms. Bo’}h P ilo-
ponus and Simplicius played significant roles in the hlstqry o] sc1ei1<t:§
during the late Middle Ages. The quarrel between th;m :;18 re f;:?l (to
the history of science and religion and will be considered in
ch:Pstev:e shall see later, the commentary form of. literature playec! a
major role during the Latin Middle Ag.es., “fhen it UI:ldEI‘WEI.It a sig-
nificant transformation. Now, however, it is time to bring Christianity
into the intellectual world of the Roman Empire.



Chapter 4

—— T et

The First Six Centuries of
Christianity: Christian Attitudes
toward Greek Philosophy and

Science

Christianity emerged at a time when numerous mystery religions had
also come into being. Since the Hellenistic period, Greek culture had
interacted with Near Eastern cultures. When the Romans conquered
the lands around the Mediterranean Sea, they ruled over disparate
peoples, some of whom lived under the primary influence of Greek
culture, while others, farther east, lived under the influence of ancient
Near Eastern civilizations. There was an inevitable intermingling of
these distinct peoples, from which new religions emerged, often
known as “mystery religions.” Many of these mystery religions were
based on gods and goddesses from a particular region whose worship
became internationalized as they were adopted by Roman soldiers
and disseminated by them and other worshippers through the empire.

THE MYSTERY RELIGIONS AND ASTROLOGY

The gods and goddesses of the mystery religions could be found in
many parts of the Roman Empire. Among the more popular and bet-
ter known are the Great Mother of Phrygia, or Magna Mater in Latin;
the Persian god Mithras, associated with the sun and open only to
men (women were excluded from Mithraism); and the great cult of
Isis, which transformed the Egyptian goddess into a Hellenized mys-
tery religion in which Isis became a lunar goddess. Mystery religions
were largely religions of salvation that promised their followers an
immortal afterlife. They were called mystery religions because each
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had a ceremony that was only open to those who had been initlate
into its secret rituals. “In addition to its elaborate and colorful l'ituaf
each mystery religion had a revealed theology describing the nay;
and purposes of the gods and explaining the origin and sa.ibsequﬁl;i
history of the world and man. Each laid great emphasis upon sin and
the necessity for purification, each preached various forms of AS0BL
cism, and each promised a glorious immortality to its devotees.' B
nally, each religion had its recognized initiates and professional clergy
interested in missionary activity” (Swain 1950, 471).

One unusual mystery religion was Gnosticism, named from the

Greek word gnosis, which means “knowledge.” It was a mixture of
concepts drawn from other mystery religions, astrology, and Various
philosophers and philosophical sects, including Plato, the Pythagore.
ans, and the Stoics. Included among its sacred texts was the 'Hermerie
corpus, a collection of treatises attributed to the god Hermes Tris
megistus (“thrice-great Hermes”). It included texts in alchemy, astry)-

ogy, physics, botany, and medicine. In this mélange of writings were.

texts on magic and mysticism. By attributing all the Hermetic treatises
to a god, the Gnostics hoped to lend credence to the texts and to sive
them an air of authority that would discourage skeptics. Most of the
texts relied on supernatural causation to explain natural phenomena,

Most noteworthy about the Gnostics is the fact that they sharply
distinguished between God and the world, urging believers to em-
brace the former and reject the latter. Thus, Gnostics rejected the phys-
ical world as evil. “They praised poverty, celibacy, and contempt‘ of
the world, and they taught a mode of life by which men might free
themselves from the temptations of the ‘flesh’ and of “matter’ to be-
come ‘psychic’ or ‘spiritual’” (Swain 1950, 475). Gnostics believed that
only a savior god could redeem their sins and give them immortality.

Mystery religions were common in the Roman Empire. They came
to share many characteristics, especially that of rebirth after death. In
the Golden Ass by the Roman author Apuleius, an initiate of the cult
of Isis declares: “1 approached the borderland of death and . . . when
1 had been borne through all the realms of nature I returned again; at
midnight I beheld the sun blazing with bright light; 1 entered the pres-
ence of the gods below and the gods above and adored them face to
face.” Isis then promises the initiate: “When thou shalt have run the
course of thy life and passed to the world beneath, there too in the
very vault below the earth thou shalt see me shining amid the dark-
ness .. . and reigning in the secret domains . . . and thyself dwelling in
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. felds of Elysium shalt faithfully adore me as thy protector”
é fﬂ pson and ]ohpson 1937,.21). N .
e mystery religions drastically altered tl'fe religious comph.axmn
of the ancient world. They aff.ected both ordinary people a.nd 1nte!-
ectuals. For 2 segment .of the intellectual cla.ss, 1'_10.wever, ph1.losc?ph1-
'mizﬁthmii some of which had become quasi-religious organizations,
: arved to bring religion and philosophy together. Indeed, philosophy
-im'tﬂme a rivaq to Christianity. ngeral. Phas‘es in the development of
the Phﬂgggphicmf schools can l:_'e identified in t‘he. long course of Hel-
|ppistic-Roman history. Frederick Copleston distinguishes three such
ases (Copleston 1960, 382-383). The first, ranging from approxi-
mately 300 B.c. to around 50 B.c., saw the founding of the Stoic and
Epicurean schools, which emphasized personal conduct and the at-
painment of personal happiness. From 50 B.c. to around A.D. 250, the
Graco-Egyptian city of Alexandria played a significant role. There

hilosophical schools returned to a kind of philosophical orthodoxy
by emphasizing the thoughts and ideas of their founding masters. Be-
cause some of the masters, such as Aristotle and Plato, had some in-
terest in science, this interest was reflected in the writings of their
followers. But along with this more rational interest, there was a
strong trend toward religious mysticism. The neo-Pythagorean school,
for example, incorporated religious mysticism into its philosophical
speculations.

The third and most important phase, covering the period from
around A.D. 250 to approximately a.p. 650, and the most relevant for
Christianity, was the rise of the neo-Platonic school of philosophy. The
founder of neo-Platonism and the neo-Platonic school of philosophy
was Plotinus (c. A.p. 204-270), who was probably born in Egypt, stud-
ied philosophy at Alexandria, and eventually taught in Rome, where
he settled around 243. His writings were brought together in a trea-
tise titled Enneads, so titled because the six books that comprised it
each contained nine tracts.

For Plotinus, God, a transcendent being called the One, is beyond
all being of which we can have any experience. Ged is beyond all dis-
tinctions. Moreover, God does not engage in thought or in any acts of
the will. No positive attributes can be assigned to the One because to
do so would be to delimit and particularize God. God is absolutely
unchangeable and omnipresent. And yet the world emanates from
him by necessity. God does not will the world to emerge, because that
would imply change in God. The things that emanate from God do
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not diminish him in any way whatsoever. Indeed, he is Hnawara o
these emanations. The first emanation from God is Mind or Th““gh.t
(nous), which is eternal and beyond time. From Mind or Thought e
anates the Soul, akin to Plato’s World Soul, and from Soul EManate j.
dividual souls. In Plotinus’ philosophy, as in Plato’s, the sou] eXisks
before its union with the body and will survive after the death of tha
body in a state of immortality. The material world is the last EMana.
tion and lies below the soul. Plotinus regards matter as the Antithesic
of the One, the last gasp of the emanation process. In the eyes of Plut.
inus, the material world has no positive qualities; indeed, it is utterly
negative.

If philosophers reflect on the great truths of philosophy, they cap
prepare themselves for a mystical union with the One, which, for Plot-
inus, is the ultimate goal of philosophical reflection and study. AL
though Plotinus had essentially constructed a religion, he did npt
include any religious practices or rites, nor did he call for prayers oy
sacraments. Plotinus’ philosophy was given a great boost by Porphyry
of Tyre, a disciple who had studied with Plotinus for eleven years,
Porphyry emphasized the religious side of philosophy, insisting thaj
the ultimate aim of philosophy is salvation. To attain this, the soul
must at all times seek what is higher and nobler, a process that re-
quires ascetic practices and knowledge of God.

In the closing centuries of the ancient, or Greco-Roman, world, nei
Platonism was the dominant philosophy. “This final speculative effort
of Ancient Philosophy,” Copleston explains,

attempted to combine all the valuable elements in the philosophic and relj-
gious doctrines of East and West in one comprehensive system, practically
absorbing all the philosophic Schools and dominating philosophical devels
opment for a number of centuries, so that it cannot justifiably be overlooked
in a history of philosophy or be relegated to the dustbin of esoteric miysti-
cism. Moreover, Neo-Platonism exercised a great influence on Christian B
ulation: we have only to think of names like those of St. Augustine and the
Pseduo-Dionysius. (Copleston 1960, 383)

The many members of these mystery religions and philosophical
schools had little interest in the kind of rational discourse typified tra-
ditionally by those who were engaged in science and natural philos-
ophy. Occasionally, we find someone who was both a mystic and a
rationalist, as was Iamblichus (c. a.p. 250—. 330), a neo-Platonist born
and raised in Syria. lamblichus believed in mystery religions and
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- icand wrotea book titled On the Egyptian Mysteries. He also wrote
e e Commart Mathematical Science, in which he describes the role of
= 'lhemaﬁcg in science by emphasizing mathematics as the key to un-
Sretanding all natural phenomena (Lloyd 1973, 155-156).
e seiated with the mystery religions, and often incorporated
ﬁ them, was astrology. Mithraism, for example, was heavily in-
Erh'alﬂd by astrological lore and doctrine (Lindsay 1971, 385-392).
7liat the staxs and planets played a role in human affairs was widely
©_apted in the ancient world. Astrology was an old discipline with
:w'lﬁ in ancient Mesopotamia. In the second century a.p., Ptolemy, as
we mentioned earlier, wrote not only the greatest astronomical trea-
tise of the ancient world, the Almagest, but also authored the
Tetrabiblos, or four-parted book, the greatest astrological treatise of the
ancient world and still a potent force in the modern world. Although
ptolemy had a higher standard than his predecessors and gontempo-
raries, he believed that, based on the positions of the celestial bodies,
predictions of events on earth, as well as of human actions, were pos-
sible. It was Aristotle, however, who provided a theoretical basis for
belief that celestial bodies influenced the terrestrial region. He be-

lieved that celestial matter is incorruptible and therefore divine. It

seemed logical to him that the incorruptible celestial ether should ex-

-ercise an influence over the corruptible and always changing terres-

irial bodies. But Aristotle never wrote about astrology and certainly
did not believe in astrological prognostication. He only believed that
the celestial region influences the terrestrial region. Ptolemy not only
accepted Aristotle’s arguments, but went further and allowed for pre-
diction of human events. Few astrologers, however, were as cautious
and restrained as Ptolemy. Like most people who lived in the Roman
Empire period, these astrologers believed in the divinity of the celes-
tial bodies and the ability of the stars and planets to act as signs, if
not the actual causes, of human actions and physical events.

THE TRIUMPH OF CHRISTIANITY
IN THE ROMAN WORLD

In the century of its birth, Christianity was only one among many
mystery religions that vied to recruit faithful followers and disciples.
Itwas a time when the old traditional gods of the Greeks and Romans
were being abandoned in favor of the gods and goddesses that rep-
resented the new mystery religions. Many of the beliefs that became
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current among the mystery religions were similar to thoge Profeices
by Christians. Many regarded the world as evil and assumed, thyy 0
would eventually come to an end. They further believed that g
deemer god would die so that they, his faithful followers, might epig
eternal life. There was a widespread, and perhaps even desperae, dias
sire to form a union with a personal god that would ultimately Pm:
duce salvation and everlasting life. ]
From amidst the competition of these numerous mystery religiang,
Christianity emerged triumphant by the end of the fourth centin
A.D., when, in 392, the emperor Theodosius made it the state ml-Jgjm
of the Roman Empire, while also declaring an end to pagan wargh; )
which was thereafter regarded as treason. By contrast with Islam,
Christianity was disseminated through the Roman Empire rathar
slowly. Within 100 years after the death of Muhammad in 632, Islam

was the dominant religion over a vast area stretching from the Sirajgg.
of Gibraltar to the Indus River, east of Persia. It achieved this largely,

by conquest. Traversing a wholly different path, and despite ogea.
sional persecutions, Christianity was spread in a relatively peacef
manner, albeit gradually. The slowness of its dissemination proved 3
boon to the new religion, because it allowed Christianity a lengthy pi-
riod to adjust to the Roman Empire as a whole and, especially, con-
tributed to its intellectual heritage. As a result, many educated
Christians learned to live with Greek secular learning by recognizing
what parts of it were actually helpful and what aspects of it to avoid
or reject.

One essential aspect of Christianity that was crucial in determining

its relations with the Roman government, and all subsequent govern-
ments, is the Christian insistence on the separation of church and
state. This may not be surprising when one realizes that in the early
centuries of Christianity, Christians were primarily interested in per-
sonal salvation and entering the kingdom of heaven. Consequently,
they focused very little on relations with the state. Their emphasis lay
in doing their duty to the state and hoping the state did not violate
any of their doctrines and practices. Basically they hoped the state
would keep out of their religious affairs and leave them to worship
and organize as they saw fit.

The separation of church and state was not just a societal occur-
rence. It had biblical sanction. When the Pharisees asked Jesus if it
was lawful to pay tribute to Caesar, Jesus replied that they “Render
therefore unto Caesar the things which are Caesar’s; and unto God
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that are God’s” (Matt. 22:21). As a result there was, not

ghe things y, conflict between the two institutions, aspects of which

,,,,,,, o : :
: ;mcihsiderf_n‘l below. But this conflict was, in the long run,
e

Iy a significant irritant. The separation of church and s‘tate
" 3a boon to Western civilization. Although the church exercised
[ uthority during the Middle Ages, and those who seemed to
E.mﬂ a,_,m-pj_ng‘ ecclesiastical doctrine and articles of faith were de-
i sJ'Ehn:l as heretics and often severely punished, scholars had rea-
'm“r::lclee latitude to explore all sorts of issues, especially those that
E“T o obvious connection with Christian doctrine. As we shall see,
l]“.l nwhmz.God was involved in a discussion, medieval theologians
.ﬁ;ﬂnmnsid{*rahle freedom to discuss a great variety of issues, many
of which involved an application (?f na.tural philosophy to Fheology
where, often enough, the discussion involved natural philosophy

much more than theology.

CHRISTIANITY AND THE PAGAN
INTELLECTUAL WORLD

Before describing the interaction of early Christians with pagan
Phﬂ-:)sophers, it is well to remember that the sciences and phllosoPhy
were often integrated in the Greco-Roman world. In the Greek philo-
sophical tradition, philosophy was much broader than.any science or
group of sciences. But most sciences, except the exact sciences of rr}atl_1-
ematics, astronomy, optics, and mechanics, were int_eg'rz.:lted within
philosophy itself. In the Roman Empire period, the division of t?\eo-
refical knowledge—that is, philosophy—was based largely on Aristo-
tle's threefold division of it, as described earlier in chapter 2:
metaphysics, or theology, mathematics, and physics. The l:h%rdf or nat-
ural philosophy, as it came to be called, incorporated within 1t§elf
parts of many sciences, such as cosmology, geology, geography, biol-
ogy, chemistry, oceanography, and others that eventually became sep-
arate sciences. Natural philosophy, with all its subdivisions and parts,
which sometimes included medicine and metaphysics, was the fun-
damental tool for investigating the physical universe, the same uni-
verse that Christians also sought to understand. Thus, when I use the
term “science,” I will usually mean natural philosophy as a whole,
rather than any specific science. Except for the exact sciences, the term
“natural philosophy” signifies all sciences indiscriminately. Indefzd,
during the late Middle Ages, some natural philosophers applied
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mathematics to physical problems and thus incorporated parts gf
exact science into natural philosophy. L
As Christians became mare solidly established in the
pire, their efforts to explain the universe and its workings bagg on il
scripture inevitably clashed with traditional Greek interpr_-artuﬁans. )
Christians were a diverse group, and their attitudes toward, ang i
terpretations of, the ideas and arguments embedded in the Gresk g

dition of science and philosophy were far from monolithic, a5 We ‘ihall
now see.

The Attitudes of Early Christians toward Pagan I’hilusnph},

The Greek and Latin church fathers shaped Christian attitudes g,
ward pagan culture and learning. As one might expect, they weme
disparate group with diverse backgrounds and attitudes towird the
pagan philosophical legacy that varied considerably. Some wp
overtly hostile to pagan philosophy and urged avoidance of Pagan [t
erature. The most striking member of this group was probably Terty].
lian (c. a.p. 150~c. 225), who proclaimed: “What indeed has Athens f
do with Jerusalem? What concord is there between the Academy ang
the Church? What between heretics and Christians? . . . Away with all
attempts to produce a mottled Christianity of Stoic, Platonic, and dj.
alectic composition! We want no curious disputation after POssessing
Christ Jesus, no inquisition after enjoying the gospel! With our faith we
desire no further belief” (Tertullian n.d., 3:246). In another treatigs
(Apology, chap. 46, par. 7), Tertullian insists that “Philosophers, with
mockery and contempt, out of hostility feign the truth and, in feign-
ing it corrupt it, eager only for glory; Christians, both strive for the
truth out of necessity and maintain it unspoiled, concerned for their
salvation” (Sider 2001, 67). Tertullian also had harsh words for
Socrates, Plato, and other Greek philosophers, and also accused them,
as did other Christian writers, of borrowing many of their ideas from
the Old Testament, Despite his assault on philosophy and phileso-
phers, Tertullian was influenced by Stoic philosophy.

Some church fathers distrusted science and philosophy and sought
to show its weaknesses and uncertainties, as opposed to the certain-
ties of Christian revelation. Church fathers such as Saint Basil, Tatian,
Eusebius, and Theodoret pointed to the contradictions and silliness of
many scientific conclusions. Typical of such skeptical expressions was
that of Saint Basil (c. a.p. 331-379), who declared that “the wise men
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ny works about nature, but not one account

w_ﬁrﬂelﬁ “;zit;e??:uz;ltered and firmly established, for the later
i ﬂ'-IIH:]fi overthrew the preceding one” (Basil 1963, 5).

Jecount v };Oductive Christian attitude, however, regarded pagan
-h'E mﬂﬁ.t . a repository of helpful ideas for the better understand-
mphy i?anil.}' itself. It was philosophy in the service of Chris-

g ot chrmlaﬁonship that came to be called the ”handmaic!en

mmy' " ;ﬁ the course of subsequent history, philosophy—by which

o le amalgam of natural philosophy, science, and meta-

goen ; s destined to play a significant role in shaping Christian
-}mmﬂ:j_\ instilling a scientific spirit and outlook in the Christian

jl'it'tjlﬂﬁff' -2..11&:5 that ultimately proved extremely beneficial to Western

ﬂ!“:-“?”';;"n The basis of the Christian attitude toward philosoph).; was

dﬂj;?hed. even before Christians showed any concern for philoso-

m lfhad Jewish roots. For “the history of Christian philosqphy be-

i }; not with a Christian but with a Jew, Philo of Alexandria, elder

'mmpnrary of St. Paul” (Chadwick 1970c¢, 137).

Phile of Alexandria (c. 25 B.c.—c. A.D. 50), know‘n also as Philo Ju-
daeus, was a Hellenized Jew who knew and wrote in Qreek, bgt prob-
ably did not know Hebrew. He was well acquainted with Fhﬁ
philosophy of his day, especially with the works of Plz?to, whic
greatly influenced him. For Philo, philosophy was essentlallfo.r un-
Herstanding scripture and the higher wisdom .of theology. HIIS 1nter;
pst in philosophy, however, was largely gmdec-i by. the kinds o
luestions that arose in his efforts to understand his faith. .

Philo is generally regarded as the initiator of the handmalden tra-
dition, namely, the idea that secular disciplines, espegally natural phi-
losophy and science, should not be studied for their own sakes: but
orily to understand and explicate holy scripture and theology. This at-
fiide was subsequently adopted by many church fathers.

The Autonomy of Nature

A powerful force that motivated Christians to study nature was jche
sense that God had created the world as an essentially self—oReratmg
entity. He had endowed it with the capacity to funct.lon by its own
laws and causes. In the second century B.C., a few Jewish authors, no-
fably Jesus ben Sirach and Aristobulus of Alexandri.a, held t_hat God
formed nature to operate with regularity and by 1ts'own_ mhen-::r}t
powers. This attitude is reflected a few centuries later in Saint Basil’s
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fifth homily, when he declares that earth continuall
seeds, and trees, just as tops, after they are spun, whir] ab.
tinue to spin. It is in this Same manner that the “order of
ing received its beginning from that first command cong;
time thereafter, until it shall reach the common CONSUMmMaH

out and :

things” (Basil 1963, 82). Basil speaks of the inherent natura R

a number of other occasions (see below for his ment '

On. of the
fish migrate). We shall again meet the concept of a (3
32-43). With the introduction of Aristotle’s natural philosop
Christian West in the twelfth century, nature would becom

thers could have imagined.

Although God created a world that he endowed with :'nherenﬂa'
which enabied it to Operate in an autonomous manner, this dig
mean that God would not intervene to perform miracles from timedy,
time, as scripture clearly reveals. Thus, God responded to Joshua'gipa
quest by lengthening the day and commanding the sun to stangd sl
over Gibeon (Josh. 10:12-14), and he also promised to add fifteer, years
to the life of King Hezekiah and, as a sign of His intent, moved this
shadow of a sundial back ten degrees (4 Kings 20:1-11). But ¢ hristian

scholars understood that such deviations from the natural order Wers
rare and special.

The Greek Church Fathers

One of the earliest, if not the earliest, church father to be guided h},r-
the hand-maiden approach to nature was Justin Martyr (d. c. A.p. 165),
Justin had a positive attitude toward Greek philosophy. He believed
that Socrates and Abraham were Christians before Christ. Indeed, he
believed that with a few adjustments, Plato could be reconciled with
Christ (Chadwick 1970a, 161, 162). Justin was convinced that the bast
aspects of Greek philosophy were compatible with Christianity, prol-
ably because, like many other Christians, he thought that the best of
Greek philosophy was borrowed from the Old Testament. Justin
thought of himself as a philosopher and regarded Christianity as the
best and truest of all philosophies.

Clement of Alexandria (Titus Flavius Clemens) (c. a.p. 150. 219)
followed in the path of Justin Martyr. He was disturbed by the fact
that many in his day were skeptical about the very possibility of at-
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tendency he opposed. Indeed, he

A knm:-‘|t‘i5*i1;taz 1allrnaimportanty preparation for Christian-
i th;:l:tyrphe believed that the Greek philosophers drew
o ira,tion from the Old Testament. Clement was also
' - i T}iléek philosophers had arrived at many truths be-
painced m :ﬂ Logos illuminated and guided them. Clement wanted
-Ihﬁf qlvln;ﬂoiophy to shed light on Christian the9logy. In the
Fw G#khré sought to show the importance of ph11050phy. for
F-ﬁ: In much of this treatise, Clement explores the relations

M <L hi losophy and Christian theology, emphasizing a cautious

—ch i i isti lect what is useful
T ilosophy, one in which Christians se _ _
gL ',-mt Ovvpflllat mighzrprove harmful. Although Philo of Alexandria

ind Justin Martyr regarded Greek philosophy as a useful, if not nec-
an

eapu tool for the proper understanding of their respective rt'-.:ligioﬂ"?f
G ;-:'ﬁ(i)emen’r who provided the weightiest arguments for using phi-
Ly '

i

.I hy to serve Christianity as the handmaid of theology. Indeed, one
losop

anter in Miscellanies is titled “Philosophy the Handmaid of Theol-

ogv.” In that chapter, Clement shows that philosophy serves Chris-
ogy” I

tianity and should definitely be used wherever it might prove helpful.
fianity 2

He opens the chapter with these words: “Accordingly, before the ad-

sent of the Lord, philosophy was necessary to _the Gre.eks for‘r1ght;
. ss5. And now it becomes conducive to piety; being a kind o
gﬂu&?;:;]w training to those who attain to faith through demons'tra—
ﬁonEf" Clement concludes: “philoso;:h;;, tl:e:‘lef?lreé }:\;?Sst ,? Féff;ﬁog}
. e way for him who is perfected i : (C !
ﬁ.;:)i;icgila 19853(, bk. 1, chap. 5:305). Cle‘xﬁenf’s high 0'p11t1}'1101'; :::j ph;f
losophy is reflected in his assertion that ph.11030p%1)lf is ?;1 u n):an-
wisdom, and wisdom is the knowledge of things dl\.rme al;l - hi:
and their causes.” Wisdom is therefore queen of phxlgsppl gég bE X
losophy is of preparatory culture” (Clement of Alexandria ,bk. 1,
Ch?\l:ciggfg;lt places in his lengthy treatise, Clemen; iinlds Ocﬁas‘l:EOt:)
- i i lares: “Philosophy i ,
praise philosophy, as wher}, in l?Sook 6, he dec ! R
; duct of vice, since it makes men virtuous; it fo .
$:?;:111se ‘cI;llt;owork of God, whose work it is solely”to do goocli ;g;dba]il
things given by God are given and receivgd well (Clementt _ l,lires.
i éhap. 17:517). In the last chapter of the sixth book, Clt;men mc; uires
“whether we ought to philosophize” antfi concludes t ?atFwe co not
avoid it. For “if we are not to philosopl:nzef what then? (For 1; one
can condemn a thing without first knowing it): the consequence,
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in that case, is that we must philosophize” (Clement 1983 bk. 6, ¢}
18:518). o b chap:
But if Clement urged Christians to utilize Greek philoso .
erly understand the Christian faith, he also convirI:ced hir?l?g;oniw
many other Christians, that Greek philosophers had r:lraw;m_._ W
stolen—their knowledge from the Old Testament and the Hehnaj'
prophets, and that most of them were not even Greeks but barhga m"
The widespread belief that the Greeks had derived their plﬁ]nﬁTﬂ?f'.
from the Old Testament prompted some Christians to rationalize;ﬁ y
use of Greek philosophy as a justifiable appropriation of sumethjm
the Greeks had originally taken from the Judaic tradition, Certain h?b-
lical phrases were found convenient for sanctioning such aPPTOpria-
tions. Christians could take what was of value in pagan thought and
use it for their own benefit, just as in Exodus (3:22, 11:2, and 12:35)
when the Lord instructed Moses to plunder the wealth of the Egyn.
tians. As additional incentive, Christians were urged to use the knowl-

edge they acquired from pagan philosophy to defeat the pagans, a5

David slew Goliath with Goliath’s own sword (1 Sam. 17:51). Flga.
where, Clement speaks of the Greek philosophers as a group, ranging
from the pre-Socratics to Plato and Aristotle, and explains that “mast
of them were barbarians by extraction, and were trained among bar-
barians” (Clement 1983, bk. 1, chap. 15:315).

Many church fathers sought to deflate Greek achievements in phi-
losophy, either by accusing them of deriving their philosophical
knowledge from the Hebrew scriptures, or by denying that they wers
really Greeks, viewing them instead as barbarians from various parts
of the ancient world. All of this was done to make their Christian read-
ers feel that philosophy was a useful discipline, because, after all, it
had its roots in the Old Testament, and, as further comfort, they could
emphasize that most of its practitioners were not even pure Greeks
but were of barbarian extraction.

Writing some thirty years after Clement, Origen (c. a.D. 184-c. 254),
who was probably born in Alexandria, also advocated the study of
philosophy for Christians, as he indicates in a letter to the soon-to-be
bishop of NeoCaesaerea, Gregory Thaumaturgus. Origen urges Gre-
gory to bring to his bishopric

on the one hand those parts of the philosophy of the Greeks which are fit, as
1t were, to serve as general or preparatory studies for Christianity, and on the
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or hiand 50 much of Astronomy and Geometry as may be helpful for the

M 1atin of the Holy Scriptures. The children of the philosophers speak
tation O b BB P

L etry and music and grammar and rhetoric and astronomy as being
' sophy; and in the same way we might speak of philosophy

L (o philo
wnaillacy 19 F *  illary to Christianity. (Origen 1980, 295)

jstlf as being anc

Although he emphasized the preparatory nature of Greek philoso-

h!.’ for the interpretation of holy scripture, Origen also emphasized
E}m’E of the difficulties philosophy posed for Christianity. In a treatise
iilléd Against Celsus (Contra Celsum), Origen explains that “philosophy
and the Word of God are not always at loggerheads, neither are they
Jlways in harmony. For philosophy is neither in all things contrary to
God’s law nor is it in all things consonant” (Chadwick 1970b, 186).
Drigen proceeds to illustrate this observation by noting points of
agreement and disagreement:

Many philosophers say there is one God who created the world; some have
added that God both made and rules all things by his Logos. Again, in ethics
and in their account of the natural world they almost all agree with us. But
they disagree when they assert that matter is co-eternal with God, when they
deny that providence extends below the moon, when they imagine that the

wer of the stars determines our lives or that the world will never come to

an end. (Chadwick 1970b, 186)

A few of these disagreements, as we shall see, played a large role in
the subsequent history of the relations between science and religion
in late antiquity, and especially during the late Middle Ages.

The last of the Greek church fathers was John of Damascus, or John
Damascene, who in the eighth century lived in areas that had been Is-
lamic for some years. Little is known about him except that he entered
the monastery of Saint Sabbas in Jerusalem around the year 730. Al-
though John of Damascus wrote numerous works, he is best known
for the Fount of Knowledge, a treatise written sometime after 743. The
Fount of Knowledge is in three parts. The first is called the Philosophi-
cal Chapters and is extremely important; the second contains about
103 different heresies; and the third part, divided into four books, is
tifled On the Orthodox Faith. In the second book of On the Orthodox
Fuith, John includes a lengthy discussion of the creation and its vari-
Ous visible and indivisible entities. Of these three parts, the first is rel-
evant to this section, while the creation account in the second book of
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the third part will be discussed below in the section on hexame
erature.
In the Philosophical Chapters, John presents a detailed accouny e

various aspects of Greek philosophy, much of which he drew, dirgﬁjﬁ, ;
dpﬂ

or indirectly, from the works of Aristotle. In his preface, John ad
a favorable attitude toward Greek philosophy when he pr -

“First of all I shall set forth the best contributions of the Ph”ﬂﬁﬁphﬂ; 1

of the Greeks, because whatever there is of good has been given 1y
men from above by God, since ‘every best gift and every perfect gif
is from above, coming down from the Father of lights’” (Jameg 117+
John of Damascus 1958, 5). In the opening words of his first chapt&;
John reveals a strong belief in the acquisition of knowledge and s
contempt for ignorance, declaring: “Nothing is more estimable than,
knowledge, for knowledge is the light of the rational soul. The nppﬁ‘
site, which is ignorance, is darkness. Just as the absence of light i
darkness, s0 is the absence of knowledge a darkness of the reasqn,
Now, ignorance is proper to irrational beings, while krowledge j
proper to those who are rational” (John of Damascus 1938, 7).

With this introduction to his Philosophical Chapters, John explains
the aim of his efforts in the second chapter: “Our purpose, then, is to
make a beginning of philosophy and to set down concisely in the
present writing, as far as is possible, every sort of knowledge. For this
reason let it be entitled a Fount of Knowledge.” John then declares that
his work is not based on his knowledge and ideas {indeed, he says,
“I shall say nothing of my own”), “but I shall set down things which
have been said in various places by wise and godly men. First of all,
then, it is best to know just what philosophy is” (John of Damascus
1958, 10). In the third chapter, John describes the nature of philoso-
phy: “Philosophy is the art of arts and the science of sciences. This is
because philosophy is the principle of every art, since through it every
art and science has been invented” (John of Damascus 1958, 11). He
then divides philosophy into speculative and practical parts and then
further subdivides each part much the way Aristotle did. And then,
like Clement long before, John argues against those skeptics who
argue that philosophy does not exist. “There, are, however, some peo-
ple,” he declares, “who have endeavored to do away entirely with phi-
losophy by asserting that it does not exist and that neither does any
knowledge or perception exist. We shall answer them by asking: How
is it that you say that there is neither philosophy, nor knowledge, nor
perception? Is it by your knowing and perceiving it, or is it by your

ra]]ﬂ-,:
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"kl'lﬂwmg'and perceiving it? But if it is by your not knowing it,
o o one will believe you, as long as you are discussing something
4 hich you have no knowledge” (John of Damascus 1958, 12-13).
of “’E oncludes that there is obviously such a thing as philosophy and,

inning with chapter four, launches into a discussion of that su‘b—
<o, starting with being, which is followed by a long series of special
fopics in philosophy. '

Lnlike the Greek church fathers who prece'ded l.rulm, John of Da.m—
gg.cus expressed his views on philosophy and its utility by act'uall.y in-
frmin his readers of its substantive content. He obviously did so
pecause he regarded philosophy as an important subject and, there-

fore, thought his fellow Christians should become knowledgeable
bt it.

The Latin Church Fathers

From around A.p. 300 to 600, a group of Christian writers known as
the Latin church fathers used Latin as their language of communica-
tion and, like their counterparts among the Greek church fathers,
found it necessary to consider the relations between philosophy and
the doctrines of the Christian faith. They were almost all ignorant of
Greek, and therefore, what knowledge they had about the Greek
philOSOphers came to them via Latin translations from Greek, or from
Roman authors like Cicero and Seneca, who transmitted some infor-
mation derived from Greek philosophical sources. The names of the
most eminent members of this group are: Marius Victorinus Afer (c.
AD. 280—. 363), Saint Ambrose {c. A.p. 337-397), Saint Jerome (A.D.
340-420), Saint Augustine (a.p. 354-430), Boethius (i.e., Manlius Sev-
erinus Boethius, c. A.p. 480-524/525), Cassiodorus {c. A.p. 477—. 570)
and Gregory the Great (c. A.p. 540-604). Of these Latin church fathers,
Saint Augustine exercised the greatest influence on medieval thought
in the Latin West. Boethius was also highly significant, but less for his
important philosophical and theological views than for his contribu-
fions to the seven liberal arts, which will be discussed in the next sec-
tion. Here I shall confine my attention to Saint Augustine, whose ideas
influenced Thomas Aquinas and other medieval theologians.

Although his parents were Christians, though not born into Chris-
tian families, Saint Augustine (see Figure 4.1) himself did not convert
to Christianity until 386 and was not baptized until 387, when Saint
Ambrose baptized him in Milan. Prior to his acceptance of Christian-
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Figure 4,1, Saint Augustine. (New Catholic Encyclopedia 2003, 1:852)

ity, Augustine had been heavily involved in philosophy and theology,
the former deriving from his involvement with neo-Platonism, the lat-
ter from his days as a member of the Manichaean religion.

Like so many Christians before him, Augustine pondered the peren-
nial question of whether Christians should use the scientific and philo-
sophical literature of the pagans. Was it of any use to Christians?
Indeed, was it not potentially dangerous and misleading? Augustine
opted for the—by then—traditional handmaiden solution to the
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mia, 35 19 evident when he declares: “If those . . . who are called
_hers happen to have said anything that is true, and agreeable
aith, the Platonists above all, not only should we not be afraid
om, but we should even claim back for our own use what they
= caid, as from its unjust possessors” (Augustine 1996, 159), which
o stine justifies by appeal to the story of the despoiling, or plun-
Lh of the Egyptians. In conformity with his handmaiden attitude
N‘;}ﬁ}& pagan learning, Augustine places that learning within a Chris-
 context when he declares that “all the knowledge derived from
pooks of the heathen, which is indeed useful, becomes little
enough if it is compared with the knowledge of the divine scriptures”
(Augustine 1996, 162). Thus did Augustine advocate the use of pagan
ohilosophy when it furthered the aims of the Christian religion, but
3 ﬁrsﬁd avoidance of secular learning when it had no such purpose. It
was surely not to be studied as an end in itself.
~ Augustine’s sentiments about pagan learning were rather common
smong more learned Christians. His endorsement of the handmaiden
iradition is, therefore, not in itself noteworthy. But Augustine’s atti-
ude toward other important aspects of pagan literature is important
‘and striking. His opinion on the role of reason in matters of faith was
highly influential in the subsequent history of Christianity. The func-
tion of reason in the interpretation and understanding of theology and
faith was to explain vital doctrines and beliefs by revealing their
truths. One could only achieve this goal, however, if one first accepted
thi: faith as true and then applied reason and logic to its explication.
For Augustine, faith must precede understanding. His conviction on
this matter was but a consequence of the handmaiden approach. Rea-
san was not to be applied to the faith by following arguments wher-
ever they might lead. The truths to be explained were already known
by revelation. Logic and reason could help explain them, but couid
not derive them.

Because Augustine assigned this role to reason and logic, and to ra-
hional discourse in general, he wrote favorably about logic and math-
‘ematics. He believed that “the discipline of rational discourse . . . is of
the greatest value in penetrating and solving all kinds of problems
‘which crop up in the holy literature” (Augustine 1996, 153-154). For
Christians to capitalize on the rigorous inferences that could be de-
tived from the application of logic to faith, Augustine cautions them
to make certain that the propositions from which they would draw
logical inferences were actually true. In an example, he assumes that
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Someone asserts as an antecedent that “there is no esurrectipn of
dead,” from which it follows as a consequent “that neither o
risen again.” Augustine concedes the validity of the logic, but el
that “this consequent is false, because Christ has risen again, Th
fore the antecedent is also false, that there is no resurrection qf tlw_-
dead; accordingly there is a resurrection of the dead. This cap ajf_b‘u-
put very briefly as follows: If there is no resurrection of the deag, then
neither has Christ risen again; but Christ has risen again; ﬂ-,Ere[ﬁ&j
there is a resurrection of the dead” (Augustine 1996, 155). Thits: fae
must begin with the true proposition that Christ has :
then, by the use of logic, draw the correct inference
resurrection of the dead.” Augustine also exerted an i
ence on the way medieval natural philosophers a
viewed the relationship between natural philosophy
theme that will be considered later (see chapter 7).
Saint Augustine and the Greek church fathers we have mentioned o
this point shaped the handmaiden approach to Greek secular learning
They made it respectable, and even essential, for Christian authpps to
study Greek philosophy and science where these were thought to o
tribute to the advancement of Christianity. Although these early Chris-
tian thinkers discouraged the study of Greek pagan thought for its twm
sake, they made a significant contribution nonetheless. In their zeal foy
the faith, they might have condemned all Greek and secular literatig,
or they might have assigned it a minor, peripheral role. Instead
gave it a central role, because they gradually came to realize that Gregk
metaphysics and natural philosophy were essential tools for under-
standing the Christian religion and the world of God's creation,

Tisen ABAIN anq
that “there isa
mportant inf] ﬁ_‘"

and s¢ riplure, 5

COMMENTARIES ON GENESIS (HEXAMERAL
TREATISES): THE CHRISTIAN UNDERSTANDING OF
THE CREATION OF THE WORLD

One of the most significant early contacts with Greek natural phi-
losophy, and philosophy in general, came when Christians sought to
explain the creation account in Genesis, They were aware of pagan ex-
planations of the world. They knew the most basic views of Plato and
Aristotle and were cognizant of how dramatically their accounts dif-
fered from the scriptural version. Christian commentaries on the six
days of creation as related in Genesis were called hexamera (or hexae-
inera), a Greek word meaning “the six days.” In these hexameral com-

nd f.hE{JIL‘}giansé
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isti found it essential to use
hev were known, Chr1st1ar}s
i ?Sd&:e Zf science and natural philosophy they hgd absorbed
At k0 Zoirces to explain the biblical account of creahoni)evetnt }z:z
om Pag” 1 theories abou
et E;?Emd radically from the dominant pagan

and its origins.

Beginnings of the Hexameral Tradition: Philo Judaeus
The :

i i to Greek philos-
] lication of the handmaiden theory eek j
g ﬁi?itigjii%ft of commenting on the six days of creation in Gt;n
..h , the with Philo of Alexandria (or Philo Judaeus, as.l}e. was ads:;)
= lmgﬂl;?ho wrote On the Creation of the World (De opificio rfmln 1.%
Im?wn]' a Hellenized Jew who wrote in Greek and knew ]lt.l' e i
Phrlu wss w. He therefore had a considerable influence on Chnstl.aﬂ
o T:IE v]\:;ol could read Greek, but had little influence on ]ew1sd
“Tme“ts-l hecause most Jews spoke and read Hebrevxlr, but .few read ar;<
th_ﬂl,':g ('t;'reek As a Hellenized Jew, Philo was familiar W;-t[h the wo:ms
e co: i i k, Timaecus. His commen-
ially Plato’s cosmological work, :
- aepernd igi f the Bible and Greek philoso-
i ix of the revealed religion of the .
B il cons f blems in Genesis that had
shy. Phi dered a number of pro d
g tPhﬂa?rt:oi?ls Ereek philosophy and were therefore both thcelc_nloE;
.c.:;l?n?%hilosophical problems that would becomethzm(zph u;sc s
. | i 1 commentaries. b
jon points in subsequent hexamera ol
i::)nt;idired whether the world had a beginning; he t:iskef ;2::3 rw;}}:::
i -existent matter o
ras the world created: Was it from pre-exis ' t
Egiltl?imself created? Was it created in six days O;Vv;as ;_\::(laré;l'\c;ncgr ;:::e
| i did time begin? Why di
ated at the same time? When . ?Why did Sed e
ts, | nd shrubs on the third day, before ,
5:1?:1’0}(1):.]:)? ?he fourth day? These were a few of the questions that
st entators sought to answer. N o
m%sltﬂc‘: I;lrrgued that because the world is visible a1.1d we percewf1 it, it
must have had a beginning. Like Plato, Philo believed &:'at Go Cofﬁ;
” i h of Philo’s creation ac
ted the world because he is good. Muc. . _ :
?(:Ti%wseﬂato’s description of creation in the Tmmc;ts. 1:;3153 ZI;EZ?:d
. i j he first day, Go
formi ith Plato, Philo believed that, on t . .
igznigl‘glfrom an ideal, incorporeal pattern, but u;l\hkx:hPlta(t;oéc{’gLO
i ternal but rather tha -
did not believe that the pattern was e od ere-
i i to have assumed that w
ated it on the first day. Philo also seems ed that wh
' ical world, he did so from pre-existing :
e FreﬂtEd t‘he Py ing inconsistencies in the creation account as
Philo explained seeming i
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Figure 4.2, God in the act of creating the
sun, moon, and stars on the fourth day of
the creation account in Genesis, From a
thirteenth-century Bible morafisée in the
Bodleian Library, Oxford, England, (Bodley
MSS 270b, fol. 4r)

examples of God’s power. For example, God created piants, herbs, and
shrubs on the third day before he created the sun and moon on the
fourth day (see Figure 4.2). Philo argues that we mortals, ohserving
natural phenomena, “suppose that the regular movements of the heay-
enly bodies are the causes of all things that year by year come farth
and are produced out of the earth” (Philo of Alexandria 1929, 1:35). In
response to such expectations, in Philo’s account God replies: “Let
them ... go back in thought to the original creation of the universe,
when, before sun or moon existed, the earth bore plants of all sorts and
fruits of all sorts; and having contemplated this let them form in their
minds the expectation that hereafter too shall it bear these at the Fa-
ther’s bidding, whensoever it may please Him” (Philo of Alexandria
1929, 1:35). Christian commentators, who read Philo’s commentary on
Genesis, were similarly influenced by Plato. Unlike Philo, however,
who had no familiarity with the works of Aristotle, a number of
Church fathers revealed Aristotle’s direct or indirect influence.

The Greek Church Fathers and the Hexameral Tradition

Although most authors who wrote on the creation account in Gen-
esis, or aspects of it, did so in formal commentaries, some expressed.
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- rvations in other contexts, as is evident in t_he
/ 'uphﬁmqh:? ;h(;}:os;onus and John of Damascus. ].31'1ring the Mid-
L ere other formats for expressing opinions about the
Ages, there W )
tion: h Saint Basil of Caesarea, who live
- ;ﬂ.ﬁﬂ- Ofctrsisa::gs gltﬂ‘:}c:;l %irst Greek church father to write a
Eh'-!hﬂ'mmm gfln the)zix days of creation, his is the first to survive. In-
r, m m.‘ﬂrf k was so popular and influential that it tended to replace
.hls--wor al treatises that had already been written. It was trans-
wmmf:n and exerted a significant influence on Saint Ambrose’s
mm]Ltieéﬁse. Numerous Latin manuscripts of Basil’s work are ex-
e !li:ji?ing to its popularity throughout the Midc?le Ages. f
ek 1 we saw earlier in this chapter that Basil was scornful o
Eﬂh:cﬁce and philosophy, emphasizins how they al_ways Iseimeci
tradict one another, he nevertheless incorporated into his hexa
. EﬂntreatiSe numerous physical concepts from Greek science. After
ﬂ;frlgisil had been well educated in Athens and was fzftmiliar Wlﬂ; the;
s g of Plato and, to some extent, perhaps even w1t'h the works o
Lﬁe. Basil’s commentary on the six days of creation appears in
the first nine homilies of a sequence that extepd‘ed to twenty-two hlclnm-
ilies. His audience consisted largely of Christian w.orke.rs as we L Ei
<hme educated people. Basil found it necessary to 1nt.erject ssen i
sexplanations for various phenomena mentlone_d in scnlpt-ure,1 eca:ilOn
his audience demanded that he do so. Following a brief exclla‘art\a o
of the passage “Let the waters below the heavens be_gathelre 1.r1”cI)_I o e
'place and let the dry land appear” (GEIEI. 1:9), Basil dec arez_ ?h
-much trouble you caused me in my previous lect'u'res, demanding li
réason for the invisibility of the earth, sinc.e color is naturallyfpr.e:;etrl'ln
in every body, and every color is percepf:1b1e to the sepseBo .f1g th
And then, just before he continues on with his analys.1s, ats1 , W1t0
seeming apprehension, suggests, “Perhaps, my words did not seem nt
you to be sufficient” (Basil 1963, 56). In explaining the creation chou .
in Genesis, it was almost unavoidable for commente%tors on ctlenesm
to inject information about science _and. natural phllosoplily C;."ELWE
from the only source that couldhprowde it: the pagan Greek traditio
i natural philosophy. _ o
0f§§1531icr?f2?1§115 his audl?ence tll'?at he interprets SCl’iptl..lI'e in a strict, lit-
eral sense. “When [ hear ‘grass,” I think of grass, anc! in the same 1‘rnanl-
ner I understand everything as it is said, a plant, a ﬁsl}, a wild anu}rlla s
and an ox” (Basil 1963, 135). He rejected an allegorical approac tto
scripture, criticizing those “who have attempted by false arguments
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and allegorical interpretations to bestow on the scripture a djgri,..,

their own imagining” (Basil 1963, 136). Basil regarded topics that v ;:

not mentioned or discussed in scripture as irrelevant to Chrisﬂam‘ T
example, he mentions that many have discussed the shape pf {
earth—whether it is a sphere, a cylinder, or is like a flat disk,
Moses did not mention the shape of the earth and, consequently, Qe
tions about that issue are of no importance to Christians.

Because he did not wish to resort to allegorical explanationg for thye
plants, animals, and natural phenomena mentioned in scripture, Bagjj
could not explain them away as signifying something other than whgy
the text actually asserted. As a consequence of his desire to treat SCHg

ture as the literal truth, Basil found it necessary to describe and explain

numerous animals and plants and natural phenomena mentiondg
therein. In response to the command in Genesis 1:24, “Let the earth
bring forth living creatures; cattle and wild beasts and crawling creg.
tures,” Basil mentions and characterizes such creatures as grasshop.
pers, winged insects, field mice, eels, and such animals as the ox, the
ass, dogs, lions, bears, foxes, tortoises, sheep, and others. He often uspd
these creatures to moralize about humans, as when he discoursed
about the dog, declaring:

The dog is without reason but, nevertheless, he has sense reactions Bquiva-
lent to reason. In fact, the dog appears to have been taught by nature what
the wise of the world, who occupy themselves during life with much study,
have solved with difficulty, I mean the complexities of inference. In tracking
down a wild beast, if he finds the tracks separated in many directions, hg
traverses the paths leading each way and all but utters the syllogistic state
ment through his actions: ‘Either the wild beast went this way,” he says, ‘or
this, or in that direction; but, since it is neither here nor there, it remains that
he set out in that direction.’ Thus, by the elimination of the false he finds the
true way. What more do those do who settle down solemnly to their theo-
ries, draw lines in the dust, and then reject two of the three premises, find-
ing the true way in the one that is left? (Basil 1963, 142-143)

Basil emphasized God's providential actions: everything has a spe-
cific purpose. God created all creatures to fulfill a specific function and
endowed each of them with the proper tools to fulfill their missions.
He fitted carnivorous animals with sharp teeth, but for those animals
who lack sufficient teeth, such as various horned animals, “He pro-
vided with many varied receptacles for the food. Because the food is
not ground sufficiently fine the first time, He has given them the
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uar to chew again what has already been swallowed. . . . The first,

JCF"‘?’ET third, and fourth stomachs in the ruminants do not remain
.H"md‘l eac}-l’fulfills a necessary function.” In an example that would
[ aled to the nineteenth-century biologist, Jean Baptiste
:I@_a'lr'_i‘ ::E (1744-1829), Basil invokes the camel’s neck, which “is long
;-_.--_ordi'-‘r that it may be brought to the level of his feet .anq he may
i3 jy the grass on which he lives” (Basil 1963, 144). In his discussion
t‘?{ imals, Basil may have drawn on Aristotle’s biological works, es-
o a:i:u the History of Animals, which contained descriptions and dis-
fissions of the habits of many animals.
" Rasil seems to have accepted the idea that God endowed nature
with the capacity to be self-operating. Thus, he believed that all ani-
mals act according to natural law instilled in them by the creator. In
{he seventh homily, he speaks of migratory fish that ”.set out all to-
pether at one preconcerted signal. When the appointed time for l:?reed—
ing artives, being roused by the common law of nature, the’y migrate
from the different bays, hastening toward the North Sea.” The fish
have something to teach us. “Do not despise the fish because they are
-absolutely unable to speak or to reason,” admonishes Basil,l”l:fut fear
lest you may be even more unreasonable than they by re51'st1ng. the
command of the Creator. Listen to the fish, who through their actions
all but utter this word: ‘We set out on this long journey for the per-
petuation of our species.” They do not have reason of their own, but
they have the law of nature strongly established and showing what
must be done” (Basil 1963, 111-112).

But how can we see anything positive and providential in the pro-
duction of poisonous plants? In the fifth homily, Basil explaiqs the bib-
lical passage beginning with the line “Let the earth brlr'lg' forth
vegetation.” Basil explains that “immediately with the nutritive are
produced the poisonous; with the grain, the hemlock; with the other
edible plants, the hellebore and leopard’s bane and mandrake anFl
POPPY juice. What then? Shall we neglect to acknowledge our grati-
tude for the useful plants and blame our Creator for those destructive
of qur life?” (Basil 1963, 71). Basil repudiates such a notion and ar-
gues, “There is not one plant without worth, not one without use. Ei-
ther it provides food for some animal, or it has been sought out for us
by the medical profession for the relief of certain diseases. In fact, star-
lings eat hemlock, escaping harm from the poison because of the con-
stitution of their bodies. . . . Hellebore is food for quails, who escape
harm because of their peculiar constitution. These same plants are
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sometimes useful to us also For instan i
. also. ce, with mandrak :
duce sleep and with opium they luli violent pains of the eb:;;m Iy

=
F

the ch i ;
e charge which you thought you had against the Creator hag g, S

to be for you an additional caus
Gl 6y e for thankfulness” Basi o e
' The I:I’IOS.t 51gn1f}cant questions for the relations of(scifelxi e 72)
;5;01;3 ar{se in the first homily, which Basil begins with the <@ and !
e oegmning God created the heavens and the earth” (Basgﬂlrg;;.ﬁﬁ
L : 3 r

neous or simultaneous, or extended over some eriod
whether the heavens were created before earth; the naItDurlo f o o g
enly substance; the meaning of the firmament; what atieothth(-e hﬂa}
i—;lcljac(;\:e and below the firmament; the creation of planets and ;iﬁwnlmg:
1§n and shape of the world ; the manner in which the earih ’mi- o
plorte 2 cloud.s, vapnrs, and the four elements; and the T JTSr:u.
plants an_d animals, including birds and seq life. In all ¢ -
on Genesis, the most controversial issues were concemedmmenmim
tions about the creation, which involved numerous problz\;:: ;1:!5-
A}

cially Aristotle’s natural philosophy.
Without mentioning Aristotle, B i
nin , Basil attacks Aristotle’s idea tha

worldhhac'i no beginning (Basil 1963, 6-7). In his first homily, Ba:itl '
Eues that jnst because the celestia] bodies move around ina c,ircle am;j-
: :Iial.;ze :r(':;dg seemmdgly has no beginning, it does not follow H'ua"m

, 15totle argued, that the world did noth . ]
though we cannot find a beginni pete begmmng- "

hou annot ginning or an end to a circle, this d

sxgcxlnfy that‘lt is wnhom a begirning. “He who drew it with aof:r:;:t
and a certain radius truly began from some point,” Basil declaresr

w1thput beginning and without end. ‘For this world as we see it is
}2):;551;15 ?I:v;y (1 Cor. 7:31). ‘Heaven and earth will pass away’ (Matt,
:35). 15 argument, Basil does not demonstrate .
nen that the world

must have had a begmrung, but he “demonstrates” that it does by in-

beginning of the world, there
. must be an end of it. Since the
: . ¥
the world are corruptible and changeable, it follows that théD 3:1130?:
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s of those parts must also be corruptible. The world cannot be
_ u};{ with God, the creator of all things (Basil 1963, 7).

= ,ﬂ.lE_SEE[’}nd homily, Basil insi_st? th_at matt‘er cannot be uncreated,
- if matter itself is uncreated, it is, in the first place, of equal rank
M‘H‘I God, worthy of the same honors. What could be more impious
- this, that the most extreme unsightliness . . . be considered wor-
“.“’._‘df the same superior ranking as the wise and powerful and all-
24 Craftsman and Creator of all things?” (Basil 1963, 23). This

| hould be taken in conjunction with Basil’s belief that a spiritual light

4od in an invisible world before the creation of the visible world.

ﬁ{;gpiﬁmai light lit the invisible world that served as a light for the

wyhole orderly arrangement of spiritual creatures” (Basil 1963, 9). To
his, God subsequently added the visible, physical world. From these

.|dm5, we may properly infer that Basil believed the world was cre-

ated from nothing—that is, nothing material. Unlike Plato, he did not
assume the existence of a pre-creation matter from which God created
the world. Although Basil was not one of those church fathers who
explicitly argued for a “creation from nothing,” or ex nihilo, he
nonetheless made it an implicit feature of his creation account.

fn the third homily, Basil seeks to elucidate the meaning of the
words “Then God said, ‘Let there be a firmament in the midst of the
waters to divide the waters.” And God made the firmament, dividing
(e waters that were below from those that were above it” (Gen. 1:6-7;
Basil 1963, 42). If the firmament is spherical, however, how can the
water rest on the convex surface of the heavens? Would the water not
roll off? Basil dismisses this problem by interpreting the passage in a
way that made physical sense but would have either amused or hor-
rified Greek natural philosophers. “If some body appears circular to
us because of an inner concavity,” Basil explains,

it is not necessary for the outer surface to be made completely spherical, and
the whole to be perfectly rounded and smoothly finished. Let us look, indeed,
at the stone vaults of the baths and the structures of cavelike buildings which,
rounded to a semicircular form according to their interior appearance, often
have a flat surface on the upper sections of the roof. Therefore, let them cease
making trouble for themselves or for us, alleging that water cannot be kept

in the upper regions. (Basil 1963, 42)

In the course of the nine homilies devoted to his commentary on
the six days of creation, Basil considered many topics and drew upon
what Greek science and philosophy was available to him, probably
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from handbooks and from authors who passed along some of Atigto.
tle’s ideas. As Etienne Gilson has put it, Basil’s nine homilies on gy,
ation “contain less the systematic exposition of a philosophy than o
medley of notions related to the problems which the text of SCriphipe
happened to suggest to his mind” (Gilson 1955, 55). He rarely Offers
cogent, detailed arguments. In his discussions of this or that subjpe
or theme, he was often anxious to see God’s providential wisdom iny
all the aspects of nature. Nevertheless, although Basil subordinateg
science to the study of nature, he often reveals an interest in natupe
for its own sake. His commentary on Genesis was quite influgniiz).
One of those whom he influenced was the sixth-century Christizn
commentator John Philoponus, who undoubtedly produced the mast
unusual commentaries relevant to science and religion of any Christ
ian in late antiquity. His ideas would prove influential among both [s-
lamic and medieval Christian natural philosophers.

John Philoponus Among all ancient commentators on Aristotle;
John Philoponus was the most philosophical, analytical, and origimal.
He was also a significant commentator on the six days of creation. As
his first name suggests, John Philoponus (c. a.p. 490-c. 570) was prub-
ably born a Christian and seems to have been a member of the
Monophysite sect, which held that Christ had only one nature, not
two, a view that was declared heretical in the seventh century. His sur-
name, Philoponus, means “lover of work” and may have been a nick-
name, although this is uncertain (Sorabji 1987, 5). Philoponus was a
neo-Platonist philosopher who studied and taught in the neo-PMatonic
school of Alexandria, which by Philoponus” time had witnessed an
accommodation between pagan neo-Platonists and Christian neo-
Platonists to the extent that some Christians served as leaders of the
school by holding the chair of philosophy, a position that Philoponus
himself may have held.

In Philopenus’ day, it was customary to do philosophy by writing
commentaries on Plato or Aristotle. Of Philoponus’ commentaries on
the works of Aristotle, at least seven have survived. The most impor-
tant of these for science are his commentaries on Aristotle’s
Meteorology, On Generation and Corruption, and the Physics (Books 1-4,
with surviving fragments from Books 5-8). In these works, Philo-
ponus rejected many of Aristotle’s theories and replaced them with
well-thought-out new theories, which exerted a significant influence
on medieval natural philosophers and even influenced Galileo in the
seventeenth century. Philoponus rejected Aristotle’s explanation of
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tile motion and replaced it with an impressed force theory that
d a significant step toward the principle of inertia. Philoponus
also pelieved—contrary to Aristotle—that finite motion could occur in
& wacuut. Finally, it is noteworthy that Philoponus, once again in op-
,‘miﬁﬁn to Aristotle, argued that if you drop two unequal weights
fyom the same height, they will reach the ground at approximately the
ame time, an experiment that Galileo is alleged to have performed

::nm the Leaning Tower of Pisa.

Philopanus’ contributions to the theme of science and religion came
ina variety of works, including his Aristotelian commentaries, but his
most relevant contributions derive from his commentary on the six
days of creation, a work titled On the Creation of the World (De opificio
mundi), and two other works, Against Proclus, On the Eternity of the
World, written in 529, and Against Aristotle, On the Eternity of the World
(De Aeternitate Mundi contra Aristotelem), which is lost, but fragments
of it have been preserved in commentaries on Aristotle’s Physics and
De caclo by the neo-Platonic philosopher Simplicius, who was Philo-
ponus’ bitter rival. “Philoponus’ philosophy of nature,” it has been
rightly said “was the first to combine scientific cosmology and
monotheism” (Sambursky 1973, 134). In defense of Christian
monotheism, Philoponus attacked the most basic features of Aristo-
tle’s cosmology and physics. Among numerous criticisms of Aristo-
tle’s cosmological opinions, two may be singled out as crucially
significant: Philoponus’ attacks on Aristotle’s belief in the eternity of
the world, and his rejection of Aristotle’s profound conviction that the
heavens are composed of a fifth incorruptible element, a celestial
ether. The incorruptible fifth celestial element stands in stark contrast
to the four terrestrial elements—earth, water, air, and fire—which
form the matter of all changeable compounds in the region below the
concave surface of the lunar sphere.

In order to support the Christian belief in a creation, Philoponus
knew that he had to show the implausible, and even impossible, fea-
tures of Aristotle’s arguments in favor of an uncreated, eternal uni-
verse. Aristotle had argued that the world could not have come from
some prior state of material existence, say A, because we would then
have to inquire from whence did A come? If we say that A came from
a previously existent matter, B, we then have to seek the generator, or
cause, of B, and so on, leading to an infinite regress of causes, and it
would be impossible to reach the beginning of the first material exis-
tence. For other reasons as well, Aristotle concluded that the physical

projec
arke
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world could not have had a beginning. The option of Creatipn

ferent kinds of infinites. The first is an actual infinite,

istence of an actual infinite. The second infinite is a potentia] i, "ffr
which does exist and which Aristotle describes as follows (Phein
3.6.206a.27-29): “The infinite has this mode of existence: one thiﬂgi'
always being taken after another, and each thing that is taken jg |/
ways finite, but always different” (Aristotle 1984, 351). Richarg 8¢ 1
explains that Aristotle’s potential infinite always has something. gy,
side of it, for “however large a finite number you have taken, You gy
take more. It is the reference to the possibility of taking mare tat
guarantees this infinity will always have something outside i
(Sorabji 1987, 168).

Aristotle’s belief in the eternity of the world was based upon his:
conviction that a potential infinite always has something outside of it.

It was this belief that Philoponus subverts in Against Proclus, On Hhi

Eternity of the World. Philoponus first argues that if the COSMOS iS e

created and has no beginning, an actual infinity of years must have
passed, and therefore, an infinite number of individuals will have
come into being. “But,” he declares, “it is in no way possible for
infinite to exist in actuality, neither by existing all at once, nor by com-
ing into being part at a time, as we shall show more completely, Gad
willing, in what follows” (Sorabji 1983, 214). Philoponus shows this
by arguing that even if the infinite

comes into being part at a time, one unit always existing after another, so that
eventually an actual infinity of units will have come into being, then even if
it does not exist all together at once (since some units will have ceased when
others exist), none the less it will have come to be traversed. And that is im-
possible: traversing the infinite and, so to speak, counting it off unit by unit,
even if the one who does the counting is everlasting. For by nature, the infi-
nite cannot be traversed, or it would not be infinite. (Sorabji 1983, 215)

‘ Philoponus then applies this reasoning to the human race. For if the
infinite is not traversable, “but the succession of the race has pro-
ceeded one individual at a time, and come down through an infinity
of individuals to those who exist now, then the infinite has come to

be traversed, which is impossible. So the number of earlier individu-

als is not infinite. If it were, the succession of the race would not have

E’.—_—_}

nothing (ex nililo) would have made no sense to him, ang he ﬁ""
no mention of it. Moreover, Aristotle had also distinguisheq o ey

an iI‘IHmtE ll :
embraces everything, leaving nothing outside. Aristotle denied o
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- ince it is impossible to traverse the

e as far as each of us, since i rse.
: :ﬂfv;.;q;mhji 1983, 215). Moreover, if the cosmos had no begmn}ng,
R L. individuals who lived to the time of Socrates comprised
o 21 ﬁtmnnber, then if all those who were born after Socrates were

E‘Wm the infinite number of humans who lived to the time of

~ = we would have a total number of individuals that exceeds
& 05,

: infinite; therefore, something greater than an infinite would exist,

. impossible.
wi;j;g t:r:;;l]imq quickly compound. Philoponus adds that humans

] ly infinite entity. What about the infinity of horses

“T‘?“ld r:ﬁf;lblfat\];f lci)\l:ezl, if the worldtywere uncreated and eternal? They
..'mﬂ:]ju;ccl:omprise a second infinite number of. bein.gs. Thg same may be
b for dogs, which would constitute a third kind of infinite being,
'!f: so on. These are further impossible and absurd consequences of
:n elernil, uncreated world. . | i
A final, major inconsistency with the concept of an eterna W}?r .
volves the periodic revolutions of the planets around the eart at the
center, which differ from each other considerably. Saturn takes thlrt)t

gars t0 complete a revolution; Jupiter, twelve years; the. sun, one year;
and so on. If the heavenly motions did not ha\i'e a beginning, Sah:u‘n
would have made an infinite number of revolutlon.fs. If so, then ]upltec;
would have made almost 3 times as many revolutions as Saturn,. an
the sun would have made 30 times as many, and the moon, 360 times
gs many, and finally, the fixed stars would have @ade 10,000 as mail_);
as Saturn. “Is this not beyond all absurdity,” Ph110p01_1us declares, “i
the infinite cannot be traversed even once, to entertain te.n thousand
times infinity, or rather infinity times infinity,” from which he con-
cludes that “the revolution of the heavens shou!d hav’t’e had aPegm—
ning of its existence without having existed previously” (Sorabji 1983,
215-216). ‘
ﬂlls’;-lziil:;onus’ monumental contribution to the theory_ of eternity or
the creation of the world has been justly praisec? b.y Richard Sorabyji,
who explains that Philoponus “found a contradlcnqn fat.the heart gf
paganism, a contradiction between their concept of mﬁm?y and their
denial of a beginning. This contradiction hatd gone unnonce'd fc.>r 850
years. . .. For the first time, he put Christianity on the. offe:nswe in the
debate on whether the universe has a beginning. This might Kvell be
called a turning point in the history of philosophy” (Sorabji 1987,
177-178). _ '

Although the issue of the eternity of the world versus its creation
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was undoubtedly the most important issue for Phi10p0nus’ and fu
Christians generally, Philoponus also found that a major feag |
Aristotle’s cosmos posed a disturbing and challenging Problagy
related to the eternity of the world. He rejected Aristotle’s dwm‘““':i
the cosmos into two radically separate regions, terrestrial and ‘-‘ﬂw
tial, the former comprised of corruptible, material bodieg Made llpq'
various mixtures of the four elements, the latter composed of g fig
element, called an ether, which was material but inmrruptih]g,aﬁ '
weightless, and which extended from the concave surface of the Jyne.
sphere to the outermost sphere of the fixed stars. Aristotle regarded
the celestial fifth element as divine. If Philoponus wished to defeny
his arguments against eternity and in favor of creation, it wag essen-
tial that he show that the heavens were not incorruptible and yy,
generated. j
To achieve this, Philoponus contended that the celestial region is oy

immune to change. He argued that the planets differ in color and

therefore must also differ in composition. Hence there cannot be a tnj-
form fifth celestial element. In fact, argued Philoponus, the heavene
are composed of the same four elements that comprise the bodies of

the terrestrial region. The four elements that make up the gelestial
bodies are the purest of their respective species, but they are nongthe.
less the same four elements. Of these four elements, however, fjre pre.
dominates. For the most part, Philoponus resorted to an explanation
similar to Plato’s. He repudiated Aristotle on one of the most basic
features of the latter’s cosmology. The world is not divided into rad-
ically different incommensurable terrestrial and celestial parts, but is
rather a single, unified whole.

Philoponus’ arguments against Aristotle’s doctrine of the eternity
of the world were also relevant to the doctrine of “creation from noth-
ing” (ex nihilo). Until 529, when Philoponus wrote his attack on Pri-
clus, a pagan neo-Platonic philosopher, Christian authors were Lngure
of themselves about the problem of creation. They were certain that
God had created the world and that therefore the world obviously had
a beginning. Many pagans also believed our present world had a be-
ginning. But they were convinced that whoever made the world made
it from a pre-existing matter that was eternal and, therefore, had no
beginning. In discussing the Creation, many early Christians were in-
fluenced by Plato, who argued for a pre-existent matter that the cre-
ator God, or Demiurge, fashioned into a world. Some Christian
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hers did opt for a creation from nothing. As early as the sec-
gy y, Theophilus of Antioch (fl. 181) wrote an apologetic trea-
Wﬂm :rlutolycus in which he argued for a creation from nothing.
o 'HE{! i s always ambivalence and uncertainty, as we saw earlier,
'ﬁlumﬂf\;a cemed to accept a creation from nothing, but did not
; o lfurii and was perhaps unaware that he had arrived at that
eed, there were even biblical passages that suggested

]

|-;uakﬁ’ it exp Ind
Lok mr; .va;s created from a pre-existing chaos (Job 28, 38; Wisd. of

2o, 11:17; see Sorabji 1983, 194). Despite these passages, the creation

u i ly have triumphed because it had a
inila doctrine would probably hav P

o ﬂl ilja";ﬂ jrresistible appeal on the straightforward grounds that a

% who could create a world from nothing would appear far more

dﬂil};ﬂul than a deity who could only create a world from pre-existing

mﬂﬁﬁ however, John Philoponus who provided the reasoned ar-

wments that made creation ex nihilo a more.feasible altemat‘ive. To
achieve this, he had to show that the conception of God creating tl:ie
world from a pre-existent chaotic matter., much a§ Plato had assumed,
was implausible. He did this by mustering a series of powerful argu-
ments against Aristotle’s idea of an ur.lcreate.d, e"ce.rnally exn;t.elnt
world. We know from his pagan Greek rival, Slmp.hcms, that Phi oc;
ponus believed in a creation from nothing. He denied th.at God ha
greated the world from pre-existing matter a}nd argued ms'tead that
God had created the matter and form of all things from nothing (Sam-
g5 73, 135). ‘
hg;kzi:tgue of his arguments against an infiniFe regress of. ma'ltenaI
causes, and his arguments that revealed grave inconsistencies in the
cancept of an uncreated, eternal world, Philoponus pfepared the way
for a defense of his own belief in creation from nothmg‘ apd made it
more acceptable to those who had previously lacked sufficiently pow-
erful arguments to reject an uncreated world. .
Saint John of Damascus John of Damascgs devoted cha‘pters ve
to ten of the second book of his Orthodox Faith to the creation of the
physical world. This was a small portion 01.: the wholg. ln numerous
places John presents various alternatives without exp}mtly choosing
from among them. In describing the nature of .the f1n:nament, ]ol‘m
declares: “Instructed by sacred Scripture, the divine Basil says tha_t its
substance is subtile—like smoke, as it were. Others say that it is
watery because it was made in the midst of the waters. And others say
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that it is made from the four elements. Stil] others say that t is 2 el
body and distinct from the four elements” (John of Dam'dﬁt:‘us ”'
211). In this instance, John probably sided with Basil, largely hora
he informs his readers that Basil was “instructed by sacred Seripy
something he does not say about the authors of the other g pinii
observe also that he mentions the two basic rival theories of Platg

B .
Aristotle—the former defending the four element theory anqg ’thé'ﬁ

ter proposing a fifth element.

John reports that “some have surmised that the heaveng SUMO g
the universe and have the form of a sphere which is everywherp i,
highest point, while the center of the Space enclosed by it ig the oV

Oraty
that “the heavens have seven spheres, one above the other,” F“'Eﬁllnh ]

est point” (John of Damascus 1958, 211). John goes on to elsh

ably a reference to the seven planetary spheres (Moon, Mepey
Venus, Sun, Mars, Jupiter, and Saturn), excluding the g
sphere of the fixed stars, Following Basil, John declares: “The sl
stance of the heavens is very subtile, like smoke, and that in each ong
of the spheres is a planet” (John of Damascus 1958, 212). But thep,
John mentions another interpretation, one in which “others . .. have
imagined the heavens to have the form of a hemisphere, because the
inspired David says: ‘Who stretchest out the heaven like a pavilicn,®
[Ps. 103:2] which means a tent; and the blessed Isaias: ‘He that estafs.
lisheth the heavens like a vault’ [Isa. 40:22 (Septuagint)]” (Jahn of
Damascus 1958, 212-213). John does not choose between the two ine
terpretations, resting content to assert that “whichever way it may be,
all things have been made and established by the command of God
and have their foundation in the divine will and desire” (John pf

Damascus 1958, 213). Most Christian commentators opted for spher-

ical heavens, which were an integral feature of Greek cosmology and
astronomy.

John considers whether certain biblical passages that seem to at-
tribute animation to the celestial bodies are to be taken literally. In-
deed, he also cites passages in which the earth and the sea are made
to seem animate, for example “Let the heavens rejoice, and let the
earth be glad” (Ps. 95:11) and “The sea saw and fled” (Ps. 113:3). These
lines and many that are similar are not to be taken literally because,
as John puts it, “Scripture can personify inanimate things and talk
about them as if they were alive” (John of Damascus 1958, 214).

In the remaining chapters concerned with creation (bk. 2, chap. 7

"gﬁﬂl‘ i

LEEr M)
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: one chapter to each of the four elements: fire,
: hl; :::t%teiil that ordlz:r. Under fire, John discusses light and
el s ;vith special consideration given to the sun and
= P]anea;;d astrological causation. “We say,” declares John,
=wmm’do not cause anything to happen, whether it be the pro-
ﬂwﬂt:[:; 5 that are made, or events, or the destruction of things
gt . s ed.” But John allows that the planets can serve as signs
-ﬂmdiht:nfheﬁ concludes, “Nevertheless, habits are something
por Wi ;Wn control, for, in so far as they are subject to the reason,
rbc-: controlled and cultivated by it” (John of Damascus 1958,

1, o

they may

"’ﬂ] the Orthodox Faith, John of Damascus did not have much to say
| ..In the creation but apparently wished to convey some knowledge
5;1__|:_!_1_JI-“ the physical aspects of that divine act to his readers in a trea-
Emhﬂ* WI;S not a commentary on the six days of creation.

The Latin Church Fathers on the Creation

The two most important Latin church fathers .to write hexameral
treatises were Saint Ambrose and Saint Augustm.e. Ambros.e com-
:pluted his around 387, the very year he baptized Saint Augustine into
thi Christian Church in the city of Milan. ' '

St Ambrose Like most church fathers, A'mbrose did 1?0t write ?m
mntegrated philosophical and scientific analysis qf the creation, l‘)ut dlS‘-
cussed a whole series of topics that he felt were important to his audi-
ence. In the first homily concerned with the first day, Ambrose men-
tions different interpretations by philosophers about the status of the
waorld. Some, like Aristotle, said the world is eternal; others, like Fflat.o,
said the world did not always exist in the past but will always exist in
e future; Democritus said there are innumerab}e worlds (Ambrose
1961, 3-4). Ambrose presents the standard Christian response. Moses
declared, “In the beginning God created heaven and earth,” and then
Moses “linked together the beginnings of things, th(:': Creator of the
world, and the creation of matter in order that you might understand
that God existed before the beginning of the world or that He was
himself the beginning of all things” (Ambrose 1961, 5). A.mbr(_)se
makes no mention of a creation from nothing, but that may be implied
by the linkage of the Creator of the world and the creation of matter.
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It is very unlikely that Ambrose would have understoog the “crao
of matter” as a creation from a pre-existent matter,

Following Basil, Ambrose regarded the heavens to be like -
and therefore not solid byt constituted of a subtle Mattey, ""iisnnlﬁ
Basil, Ambrose regarded topics that the Bible ignores as irveim-ﬂm._ nat
the nature and position of the earth,” he declares, “there Eh'-"l”d-heﬁﬂ'
need to enter into discussion at this point with respect tg what s !

come. It is sufficient for our information to state what the text of the
Holy Scriptures establishes, namely, that ‘he hangeth the earth ypon
nothing” [Job 26:7]" (Ambrose 1961, 20). After mentioning a fey thes
ries about how the earth remains at rest in the middle of the world,
Ambrose remarks, “The earth is therefore not suspended in the mid.
dle of the universe like a balance hung in equilibrium, but
of God holds it together by the law of His own will, so
steadfast should prevail over the void and the unstable. The Prophey
David also bears witness to this when he says: ‘He has
earth upon its own bases: it shall not be moved for ever and ever.’ [pg
103:5]” (Ambrose 1961, 21). In this instance, Ambrose does not treat the
earth as if it were endowed with POWers to maintain itself at the -
ter of the world, but he simply assumes that “by the will of God .
the earth remains immovable” (Ambrose 1961, 22). As did most Chiris-
tian commentators, Ambrose rejects Aristotle’s incorruptible celestial
ether, because this would imply the incorruptibility of the heavens, But
the world is corruptible as the Lord said: “Heaven and earth will pass
away, but my words will not pass away [Matt. 24:35]" (Ambrose 1961,
25).

Ambrose also rejected the famous Pythagorean claim that the ¢a
lestial spheres made music as they performed their revolutions, a
music that we do not hear because “we have become accustomed .
that sound from the first moment of our birth” (Ambrose 1961, 50).
He finds this a ridiculous claim, for “experience itself presents us an
easy rebuttal to their arguments. We are able to hear thunderboits pro-
duced by the collision of clouds; how, then, are we unable to hear the

the maje:

swifter motion, should produce sounds all the more resounding?” He
concludes that it is better to ignore such subjects; they “should be Jeft
to those ‘who are outside.” We should adhere closely to the doctrine
Iaid down by the celestial Scriptures” (Ambrose 1961, 51).

Accepting Basil’s argument about the waters above the firmament,

that "';113!- .ik_'

founded fh
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«—saiw that the waters can indeed remain on the convex sur-
s

m?;eri ¢al celestial sphere, because “there are a great mangl'
e 2 i . _

e of 2 5 hich are round in the exterior but are square-shape
e

iy d vice-versa. These buildings have high level places on top,
arn

thin, ally collects” (Ambrose 1961, 53).
ﬁm.m?:ggubsg‘m};l passages that speak of the sun, moon, and stars
T

- W considers the legitimacy of astrological pn.adictions
ﬁm’hn;ﬁm;{e cites Genesis 1:14: “Let them serve as signs ar;‘d
e fnrefﬂi ogi-' seasons, days and years,” and Luke 21:25, Wherf the
e the fixi **ind there will be signs in the sun, moon, and stars.” But

MD: m}.;ﬁ}ejects astrological predictions at the outset when he de-

chares

- . d
the characteristics of birth days an
i have attempted to set down cs ¢ i ‘
ﬂ;:;: state of each newborn child. Yet a prOgﬂOSl’.lCEll’lOl:lb.(if t;h;s s:;g Slz
seek it and is an impossibility for

serth and useless to those who see °
Ix:ri_h !_-*ahm it. What is so inane as to suppose that everyone should b;_‘l con
!u:hmi_:r Prfl'llat he is what his birth has made him? No one, then, ought to t; ange
[Iijls-uami‘itiun of life and his habits or strive to become better, but rather re

main in that conviction, {Ambrose 1961, 135)

In keeping with the generally hostile attitude of the church lfathers. to-
ard fstrology, Ambrose was also an opponent o_f that ancient d(;sm;
“;ine viewing it as a pagan study that falsely attributed mdepe.n en
Enwérs to the individual planets and stars, as well as to the entire ce-
jal region. . .

I%?;'lﬁt glugustine Saint Augustine discussed ideas rele.valilt 'fo tlzz
ion i ises, but did so most extensively in
creation in a number of treatises, . : : viw

is ti The Literal Meaning of Genesis, whi
commentary on Genesis titled M . ich he
i hed. In keeping wit
te sometime around 391 but left unfinis
g;roistizn tradition, Augustine holds that God created”the world fronc’ll
nothing. “But we must not suppose,” lfle expc:abmst,h :tl:tt mulr\L;o;rgge
i ior in & i that are formed; bo
matter is prior in time to things nads
‘ ich i de were created togethe
d the matter from which it was ma Were Cre '
?Xugustine 1982, 1:36). Augustine reiterates this point in the m;x't Ea;?e
. = tter whic
ing, “God created together both the ma :
graph, declaring, _ _ e matter which e
j h He formed it. us,
formed and the objects into whic
first create a formless matter, and then add the forms to shape that
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matter into objects, but at the outset created objects from,
complete with their matter and form (see Figure 4.3),
Augustine confronts an apparent inconsistency in the Creat;

E- 3k
LM

count. Genesis speaks of a creation spread over six days, huf" &l e L WAETE ﬂﬂﬁh"ﬂu—h e il
book of Ecclesiasticus (18:1) we are told, “He that lives forever crpae | = E’meﬁm SrAneetl B
all things together,” that is, simultaneously and even instant; [ ' ris s
To reconcile these seemingly conflicting alternatives, Augus
plains that God did indeed create all things simultaneouslyl but chee
to narrate the creation on a day-by-day basis, because “those Wi gan
not understand the meaning of the text, He created all things fpeup .
cannot arrive at the meaning of Scripture unless the narrative prg
slowly step by step” (Augustine 1982, 1:142). Pursuing this fiys
Augustine titles the next chapter (bk, 4, chap. 34), “All things \yens
made both simultaneously and in six days” (Augustine 1982, 1:143.
Grant 1994, 84-85). '

God made the world all at once, but he also made a "before” an
“after.” Although all things were created simultaneously, they werg
also created in the order described in Genesis, Thus, the world was
not only created in an instant, but that instant inchuded a "hefum“’mﬂ
“after” of all the events described in the six days of creatiop, Thlr
things created over the six days were ali simultaneously created i the
first instant of creation. They were all embodied in what Augusting
called the “seminal reasons” (rationes seminales); that is, God created:
all things in seeds that would develop over the course of time in ways
that God had specified. The six days of creation were, therefore, an’
unfolding of these seeds into the great variety of beings that fill the
earth. God created all things in the order described in Genesis, but he:
did 50 in an instant so that before and after were indistinguishable, In/
this account, Augustine reveals a firm belief that God created nature
to function in a lawful manner, “Each species, then, with all its futurme
developments and particular members, was created at the heginni :
in the appropriate seminal reason” (Copleston 1957, 77). Thus, God
conferred upon nature a capacity for continuous development and in
this sense seems to have given nature various powers for self-
development. Augustine’s conception of a simultaneous creation of all
things was probably the most widely held interpretation of the cre-
ation during the Middle Ages.

Augustine considered a number of topics about the physical uni-
verse that were relevant to scripture. He accepted the spherical shape
of the cosmos, despite the fact that, as we saw earlier, two biblical pas-

Figure 4.3. Using a compass, God designs the univer_se. From 0ster;e-r’izh|?;:1e1 I:Ja-
tic?nalbibllio'thek {Austrian National Library), Vienna, Latin M55, MS, 2554, fol. 1r.
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sages gave prima facie reasons to believe otherwise. In the one, {he

heaven is likened to a stretched skin (Ps. 103:2), and in the othey [ i

40:22), it is described as shaped like a vault. Not only do these ¢
terpretations have to be reconciled, but “it is also necessary that j

of these passages should not contradict the theories that may be Stip-
ported by true evidence, by which heaven is said to be curveq an af|
sides in the shape of a sphere, provided only that this is Proved” (A,
gustine 1982, 1:59). To counter literal-minded biblical I“!ET'PTEIE@.
Augustine explains how one can reconcile the literal meanings of
these two passages with a spherical world. “If a vault can be not onl
curved but also flat,” he declares, “a skin surely can be stretched ot
not only on a flat plane but also in a spherical shape. Thus, for in-
stance, a leather bottle and an inflated ball are both made of skin” {Au-
gustine 1982, 1:60).

Topics that were not directly pertinent to salvation were regardid
as irrelevant and not worth discussing. In this category, Augustine in.
cludes the motion of the heaven, or firmament. If it is stationary, A
do the stars and planets, thought to be embedded in it, travel from
east to west? “My reply,” Augustine responds, “is that there is a great
deal of subtle and learned enquiry into these questions for the plir=
pose of arriving at a true view of the matter; but I have no further time
to go into these questions and discuss them, nor should they have time
whom I wish to see instructed for their own salvation and for what is
necessary and useful in the Church” (Augustine 1982, 1:60-61). Ay-
gustine explains that the scholars who have studied the matter “have
concluded that if the stars alone were moved while the heavens were
motionless, all the known phenomena observed in the motions of the
stars might have taken place” (Augustine 1982, 1:61).

Another theme that Augustine ignored concerned the shape of the
earth. Whereas Basil mentioned the shape of the earth as a topic that
Moses did not discuss and concluded that it was therefore not worth
exploring, Augustine fails even to mention this important topic.

Augustine was fascinated by the concept of time and wrote much
about it, especially about its psychological nature. In his commentary
on Genesis, he informs his readers that time began with the creation
of the world. It began with the movement of the creatures God cre-
ated. “It is idle to look for time before creation, as if time can be found
before time” (Augustine 1982, 1:153). In his famous Confessions, Book
XI, Augustine attempts to characterize our understanding of time, ex-
plaining how we perceive its elusive and mysterious nature with re-

WO i
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3100 PaSt’ present, and future. In his commentary on the creation
’Pﬁt i in Genesis, Augustine covered numerous topics on the phys-
'I'E'i‘ll @Mtg of creation, though without the detail that Saint Basil sup-
P“;:»rj can do no better in concluding this chapter than to cite D.S.
,'Wuu';;g_l-lad.rﬂl’s judgment on the Greek church fathers, which ap-
wlies to the Latin fathers as well and which elegantly reiterates the
major theme of this chapter, namely that natural philosophy and sci-
&nﬂf should not be studied for their own sakes but only to acquire in-
;iig.h.f into, and knowledge about, holy scripture. In short, they must
-;Er'-'E only as the handmaidens of theology. “The Greek fathers,”

Wallace-Hadrill begins,

for all their intense appreciation of nature, for all their interest in the struc-
wire and processes of nature and their insistence upon nature as a means by
which God. reveals his nature, nevertheless hold that god and nature are not
identical, and that the mind must penetrate nature to find God. The beauti-
ful, the useful, the intellectually fascinating, even the spiritually beneficial—
all these characteristics of nature can, if allowed to become an end in
themselves, distract the mind from its proper activity, the knowledge of God.
Nature must not be permitted to make too great demands which might im-

& the forward movement of understanding. From this arises the tension,
which is characteristic of Christianity from the New Testament onwards, be-
tween deep appreciation of nature on the one hand and a refusal on the other
hond to be side-tracked or delayed by its beauty. The fathers follow the New
Testament closely in exhibiting a disturbing oscillation between world ac-
ceptance and world renunciation. (Wallace-Hadrill 1968, 129-130)

The attitudes espoused by the church fathers in the first six cen-
turies of Christianity would undergo a significant change in the Mid-
dle Ages. The first signs of that change appear in the early Middle
Ages and come to maturity in the late Middle Ages. The interaction
and intermingling of church doctrine and tradition with secular learn-
ing lies at the heart of the significant changes that would alter West-
ern civilization. We must now describe this process.



Chapter 5

———F

The Emergence of a New Europe
after the Barbarian Invasions

ntil the late twelfth century, knowledge of science and natural phi-
Jospphy in the Latin West was at a low level. Very little of Greek sci-
ence had been translated into Latin. What was available in the Latin
language was largely drawn from handbooks and compendia that had
been available since the Hellenistic period and which had undergone
{heir own evolution in the Latin-speaking world. Up to this point, we
have described the level of Greek science in late antiquity and the sci-
énce and natural philosophy embedded in the commentary literature
on the creation account in Genesis, the so-called hexameral literature.

THE LATIN ENCYCLOPEDISTS

It will now be useful to describe, briefly, the Latin literature that
served as science and natural philosophy in the period between the
first and twelfth centuries. Indeed, we have already mentioned the
first-century Roman authors Seneca, Pliny, and Celsus, who were not
Christians and whose works were available throughout the early and
late Middle Ages. But a number of encyclopedic authors who wrote
between the fourth and eighth centuries provided much of the knowl-
edge about the physical world that sustained learning until the twelfth
century. The most significant were Calcidius (fl. fourth or fifth century
A.D,), Macrobius (fl. A.p. 400), Martianus Capella (fl. c. A.p. 365-440),
Boethius (c. A.p. 480-525), Cassiodorus (c. A.D. 480—. 575), Isidore of
Seville (c. A.D. 560-636), and the Venerable Bede (a.p. 672-735). Of this
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group, the last four were definitely Christians. Among the first i1,

Calcidius and Macrobius may have been Christians, although l'h'lt' y
never been confirmed. No good arguments have been adVan(:edljl i
would lead us to believe that Martianus Capella was a Christi tha
he is customarily regarded as a pagan. “vang

Calcidius, Macrobius, and Martianus Capella

Whether Christians or not, Calcidius, Macrobius, and Martange
Capella were neo-Platonists who wrote important encyclopedic Hr;l-::'tﬁ
tises in Latin that served to transmit Plato’s cosmology to the [ag -
speaking world. Calcidius made the most significant contributicum lr:r:*
translating the first two-thirds of Plato’s Timaeus from Greek into Lati
a.nd then adding his own commentary, which was approximately r;':n
times as long as Plato’s text. In this way, Calcidius passed on iy I';s:
mation about Plato’s views on the creation of the world and the W{I}irlci
Soul, and also included much information about astronomy. His trans:
lation and commentary were popular, and most medieval libraries
possessed at least one copy (Stahl 1971a, 14-15).

The only work relevant for science by Ambrosius Theodosius Mac.
robius is his Commentary on the Dream of Scipio, which is actually Book
V.I of Cicero’s Republic. Next to Calcidius’ Commentary on Plato's
Timaeus, William Stahl regards Macrobius’ Commentary as “the miost u'n—
portant source of Platonism in the Latin West in the Middle Ages” (Mac-
f‘obius 1952, 10). Like so many commentators, Macrobius’ cominentary
is many times longer than Cicero’s text—approximately sixteen times.
Macrobius is important because nearly half of his commentary is de-
voted to cosmology and astronomy. Macrobius, as did the ancient
Greeks and almost everybody in his day, regarded the earth as a
sphere located in the center of the world encircled by the seven plan-
ets each in its own sphere. Much astronomical information—much of
it mistaken—is incorporated into Macrobius’ commentary. Although
it is not likely that Macrobius read Plato or Aristotle, he was a fu'm
supporter of Plato and a severe critic of Aristotle. Macrobius derived
most of his information about Plato from Porphyry’s Commentary on

Plato’s “Timaeus” (Macrobius 1952, 36). Macrobius’ Commentary was
er.lormously popular because it ranged over so many topics and pro-
vided information in an age when information was difficult to obtain.

Martianus Capella was one of the key figures in the preservation of
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.o in the early Middle Ages. As is the case with most of these
o :T&' authors, very little is known for certain about Martianus
#rpeﬂa's jife. He was probably a rhetorician who, sometime between
g’ﬂ and 439, wrote an enormously influential treatise titled The Mar-
.;hizg of Philology and Mercury. The Marriage is an allegorical treatise
,-j.;écribiﬂg the marriage of Philology and Mercury in heaven. The
\wedding involves seven bridesmaids, each of whom represents one of
Eh.e seven liberal arts: grammar, rhetoric, and dialectic (or logic), which

were known collectively as the trivium; and arithmetic, music, as-

onomy, and geometry, which were grouped together as the quadriv-

jum. In the quadrivium, Martianus transmitted a great deal of

scientific information. He seems to have written his freatise to serve

< a textbook for schools. As with most authors who wrote on science

and natural philosophy in the fourth to eighth centuries, Martianus

derived his information from handbooks and certainly did not read

the books of the famous authors he mentions. Although he wrote on

peomeltry, Martianus did not know Euclid’s Elements; although he

wrote on astronomy, he certainly did not know Ptolemy’s works or
the works of any other legitimate astronomer; and the same can be
said for arithmetic and music.

Martianus’ book has puzzled modern scholars. They are “at a loss
to explain how a book so dull and difficult could have been one of the
most popular books of Western Europe for nearly a thousand years.”
But surprisingly, medieval students seeking an introduction to the lib-
gral arts found in “Martianus’ work a fairly compact treatise dressed
in fantasy and allegory” and “were both charmed and edified by it”
(Stahl 1971b, 21). In a time when books of any kind were scarce and
difficult to obtain, Martianus’ Marriage served an admirable and es-
sential service. He provided his readers with a descriptive account of
the major subjects deemed essential for a proper education. The
guadrivium of the seven liberal arts provided as much science as most
students could have absorbed. Of the four sciences Martianus covered,
scholars are generally agreed that his treatment of astronomy was the
most learned and reliable. In it, he considers most of the conventional
topics: “the celestial circles; northern and southern constellations;
hours of daylight at the various latitudes; anomalies of the four sea-
sons; and a discussion of the orbits of each of the planets, including
the sun and moon” (Stahl 1974, 141). Indeed, Martianus declared that
Venus and Mercury had heliocentric rather than geocentric orbits, a
view that drew praise from Nicholas Copernicus in On the Revolutions
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of the Heavenly Orbs (1543). It was Copernicus who aban doneg "
versally accepted geocentric system held by Aristotle and Ptule}r_

replaced it with the now accepted sun-centered, or hellncmtriq. B
tem. tric, gy

Boethius

Descended from an illustrious Roman fami]y, Boethiy
tises relevant to both the seven liberal arts and theolo
influential in both areas, Unlike most of his Christian cuntempgmm':_‘
and predecessors, Boethius knew Greek and used that know
translate five of Aristotle’s logical works, namely Categorigs,
pretation, Sophistical Refutations, Prior Analytics, and Topics. (He pma.
also have translated Euclid’s Elements and perhaps also a fe
by Archimedes.) Boethius not only commented on four logical Works
but also wrote five independent treatises on logic. When taken o
gether, all of these works and a few others were known ag the Yolg

logic” (logica vetus), which, with its emphasis on rationality, served gg

a major source of intellectual activity during the darkest days of Wy
ern civilization, between the sixth to eleventh centuries. The gld Ingic
Played a fundamental role in paving the way for a new emphisis.on
Teason and reasoned argument in the eleventh century.

Boethius also wrote treatises on the quadrivum of the seven liberal
arts. Still extant are On Arithmetic and On Music, which were inflyen-
tial throughout the Middle Ages. The former was basically an adap-
tation of a Greek treatise by Nicomachus of Gerasa (1. c. a.p. 100),
titled Introduction to Arithmetic. 1f Boethius wrote works on the Other
two disciplines of the quadrivium, astronomy and geometry, they have
not survived.

Boethius’ penchant for logic spilled over into his five theplogical
tractates. Boethius insisted on applying logic and reason to theologi-
cal problems. In On He Trinity, he applied reason and logic to the doc-

convinced that all inquiries should be pursued “only so far as the in-
sight of man’s reason is aliowed to climb the height of heavenly
knowledge” (Boethius 1973, 5). Reason should be applied to all in-
vestigations, even if the inves tigation fails. Boethius began a trend that
would find imitators in the long theological tradition of the Middle
Ages: He applied some of the structural elements of Euclid’s geome-

S Wrote feas
8Y and was yrs

ledge gy
On gy,

W Wuf{‘s:_:
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In his third theological tractate, knowr} as Quorfnodo

1 ",‘ﬂ;mlﬂﬁ'}"- iiis enunciated nine axioms and deﬁmtu:_ms rom
i BGEH:;‘:.gological conclusion, justas a geometer might hs'we
e trical theorem. Like Saint Augustine before him,
B Z%f:gj that the application of reason to theology was es-
[ i

0].'
]- HE

’ . foethius
. hod of axiomatization, that is,
¥ ok st, above all else, the met iy
gight IhF Lahna:\f iment and making explicit the fundam‘.ental presup}:}!IDSl
lﬂw?ms Eﬁf:tmﬁa on which its cogency rests. He taught his succl_flzssorsar't:)i‘c"’
ggand de ; first principles and then to trace how partic-
ish truths in terms of first princip ) .
oty 10 Eltah'f f—.r:follow therefrom. The West learnt from him demonstrative
ilae conctusio

* method. (Chadwick 1981, 210)

ld eventually revolutionize Chr%s-
Bm#liu& begarcll 2r:-§§firtr}rl1aittvi\;§lo] a rationalisi'ic and analyti.cal dis-
Hﬂn i :ge late medieval theology different from anything the?t
ﬁFh'nE tdhm I;:lubse':;[uent centuries, as we shall see in chapter 7. Buthlf
e ; made dramatic changes in the way theology was.done, e
Lt mChrist'ian who never intruded anything into his secullar
e 20 la ic and the quadrivium that might suggest he was a Chris-
S toglmazing of all is Boethius” behavior after }ne was con-
g:;:nﬁl?io death for treason by the emperor Theo:lgric l:lliZ‘le .ifel;s
awaited execution, Boethius w::ote one pf the}:1 gr;:l':l f-'h?soltmal estern
literature titled On the Consol:.ztzon of I.thlfaso,r? i, in this final work, 9
' ited death, Boethius gives no mdlcahon‘ a . _ _
:Lil‘ag:l:;e Consolation of Philosophy was a loft_\:r, gﬂ?en::;tpilsélziiﬁgr
ical treatise, but one would much more readily infer

was a pagan than a Christian.

Cassiodorus, Isidore of Seville, and the Venerable Bede

Cassiodorus, Isidore of Seville,dand tthe Xzzzzagiesgzifi f;\éeii ;‘ljﬁ
imy; t contributors fo the modest s ore : _
e]I:llg: rt;';a:t was available to those who lived during 1’t(he 1(02\;\; 58211:1- Lc::
Western civilization. Author of numerous ' wor s,b. assiocorus
founded a monastery called Vivarium. The primary o djec e
monks at Vivarium “was to serve God by studying aI\ o Sp())rf 2
scriptures, the works of the Church Fathers, and the clas
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uity” (Thomas 1971, 109). The most famou i

the Ir?troduction te Divine and Human Readingss,o fiig?gzgx-bm' w"jﬂﬁ:

The first describes how to study scripture and em hau‘lto “"“W

pf the seven liberal arts in arriving at spiritual trut}P: T;mes v

is devoted to the seven liberal arts, with the greates.t Enfpif‘:ﬁnd_ b
sis

.on tI1"lhetoric a'nt.:l dialecfic i.n the trivium and on arithmetie 4 &FM-{
In the quadrivium, with little attention paid to geometry an:{ sl
 Astron.

dard t‘mdl_
arts and fj.

omy. Not surprisingly, Cassiodorus drew heavily on st

t19nal I‘!andbook sources. His praise of the seven libe:al;1 A
dlscus§1on of them encouraged many scholars in subse B
ce?t}clir1es tof study those disciplines. et e

sidore of Seville lived during the tumn of t

was bom. into a prominent farniﬁr in Roman Sp};?nsﬁ;eggg ci:I;IhUT i
Cfeeded his brother, Leander, as bishop of Seville. Isidore wrote cuel
snrel.y on scripture, theology, history, and science. He coWIOte T
trearlses'relevant to science that were subsequer.ltl inﬂmPOS.ed e
earlier, titled On the Nature of Things (De natura rergm) 1;1 eIFt-l_al. ‘The
about cosmology and is divided into forty-eight chaptérs ;}im[ﬁ'

astronomical topics are discussed, among which are the parts of thu

;\;cifilil Stlhe lslliljlet]s, }elclipses of sun and moon, the celestial waters, an
¥ biblical theme, and the course of the st i :
are discussions of the earth and it e erion L
. S parts, as well as various
lc})jgmal phenom(.ena. On the Nature of Things was an encyclopectinizh:.rﬂm-'
:u:utd thetﬁh}];slcal world, covering themes that one could find jif
Sed in the handbooks that had become inte i ‘
. dt rated into t
en;i/)[rclopedlc traditions best exemplified by Sexg\eca and Ic’)lh?; o
uch more famous than O the Nature of Things was Isidonﬂ:’s more

expansive encyclopedic treatise, the Ef ;
. 2 T
it, the Etymologies ymologies. As one author puts

:;:ge:l);n tiiei:'inlejs 01(':l di;;cusses terms drawn from all aspects of human knowl
15 based ultimately on late Latin co di ’

The books of sreaton ey &1 mpendia and gloss collections.

entific interest deal with i
he b mathematics, astronom
e (:;;::el; (l)lt:ﬁ;ar; :;aton})c lzoo:nlog;y, geography, meteorology, geology, mir)g
A agriculture. Isidore’s work is entirel ivativ

wrote nothing original, performed i ade 2 ey S
: . b No experiments, made n

tions or reinterpretations, and di ’ om0
) b Iscovered nothing—but his infl i

Middle Ages and Renaissance was great. (Sharpeg1973 27) enee R

(I:Eiisg, aI:ido;‘le also treated the seven liberal arts, theology and the
« 45 well as numerous other topics. As its name imp]; :

h, a lla . e implies, the Ety-

mologies is a dictionary, but not presented in alphabetical grder Rathel;

. r
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defines words within the context of a topic or theme and gives
o mnamf' _Unfortunately, many of Isidore’s word derivations are
it absurd. In Book TIL Isidore treats the four sciences of the

= aﬁﬁum.—.ﬁdﬂmmtlc. geometry, music, and astronomy, in that
S5 - All told, he devotes seventy-one very brief chapters to the four
= onces, dealing with astronomy at greatest length {chapters 24-71)
ch of it from his earlier On the Nature of Things. Isidore

\nd drawing mu |
itled chapter 29 “On the Universe and its name.” In this one-
sragraph chapter, Isidore says:

par

1 Mundus (the universe) is that which is made up of the heavens and earth
h;ui fhir sea and all the heavenly bodies. And it is called mundus for the rea-
“i that it is always in motion (motus). For no repose is granted to its ele-

ments: {Grant 1974, 12)

The derivation of mundus from motus is absurd.

In most chapters, Isidore gives tidbits of information about differ-
@t aspects of the cosmos, primarily planets, especially the sun and
moon, stars, and comets. Lynn Thorndike estimates that “Isidore con-
tains less superstitious matter even proportionally to his meager con-
erit than Pliny does in connection with the virtues of animals, plants,
and stones” (Thorndike 1923, 1:626). Although Isidore was an uno-
riginal compiler of facts and misinformation, his work was a source
of “information” at a time when all forms of knowledge were in short
supply. Isidore’s Etymologies is a glaring reminder that learning on the
continent of Europe had reached a deplorably low level. But it is also
noteworthy that the secular knowledge, which Isidore describes in his
twao influential works, is presented in a way that fails to differentiate
Isidore from any secular, pagan author in the Greco-Roman tradition.
Where the theme is religious or scriptural, he will, of course, speak
about these matters and use his knowledge of theology and religion
to do so. But in topics and subjects that are about the physical cosmos
and its many aspects, he simply uses relevant material that was avail-
able and does not attempt to use such knowledge as a stepping-stone
for the introduction of religious or theological ideas.

The Venerable Bede was born in England and at the age of seven
was given over to the abbot of Wearmouth monastery to be raised in
the double monastery of Wearmouth and Jarrow, spending almost all
of his life at Jarrow. “From that time,” Bede wrote in 731 (in his Ecc-
lesiastical History), four years before his death, “spending all the days
of my life in residence at that monastery, I devoted myself wholly to
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Scriptural meditation. And while observin
. the re faistiay
the daily round of singing in the church, Ighave aﬁi?iif}ti lingz.
1) s

in Jearning, or teaching, or writing” (Jones 1970 564). Forty, by
[ i riun Bl

Bede, the .Iibrar 7 el the monastery was excellent for jtg ¢ ﬂfely f.
enabled him t_o. write treatises on Science, history, and ”:Eune E| Hhygy
numerous writings, Bede sought to emphasize the Christiiﬂ?{s - An

tion.

Bede also preserved, and add tural
: , ed to, the science and
- - n : )
ophy of his day. As other Christian authors haqd donearsa]-lim!:l hﬂ#

diti L .
111:311 .to astronomical mformahon, Bede also discussed miatan lis
caL.Eplcs, such as the seas, thunder, and comets O

l N . ’
o € 50 many other early Christian authors, Bede was interested j
Ce as an aid to Christian understanding. Toward this end he Em
" 0=

Cha i

Onin};te;;r};:iizn‘isht'h; main and aln-wst unique account of early finger reck-

oning ,Easter o ;c was popular in the ancient world; and chapter 65 pro-

xtant e tabl tsi:d (;r the. years 532 to 1043, Chapter 29 contains the best

P al motions that .had yet been written. Bede notes the dif-

B e spring and neap tides and the effect of winds in retardin
ng the flow of a tide. He writes as if from personal observatiox%

His fom . )
most famous treatise is The Ecclesiastical History of the Ex gfmﬁi"ﬁ.—- :

It Naw s
; ; Q,"ﬂ!‘“"gm

1:505)
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e differences in times of tides at different points along the same shore.
R namenon must have been common knowledge among fisherman
hﬁ::.q but, in any case, Bede’s statement is the earliest record of the
it prin_rir-‘lt* of the “establishment of a port.” (Stahl 1962, 232)

%ed o' wgstablishment of the port” (or “establishment of a port”)
= heen described (e.g. by Duhem) as the only original formulation
be made in the West for some eight centuries” (Jones 1970,

WESTERN EUROPE AT ITS NADIR

‘There were other lesser authors who contributed to the overall stock
of early science and natural philosophy. But those whose contribu-
Fons [ have briefly summarized were the most significant and repre-
F'ﬂt the level of science that was attained during the fifth to eighth
cenh.lﬁt‘"* That it reached even this relatively low level of scholarship

i rather remarkable when one considers the great societal changes

that were underway as a result of the barbarian invasions that had

begun in earnest in the fourth century and continued until the tenth

gentury. From the fourth to the seventh centuries, the greatest danger

came from the Germanic tribes who placed northern Europe in jeop-

ardy. And when it seemed that Europe might settle down and con-

solidate in the eighth century under the rule of Charlemagne, his

death in 814 ended the centralization tendencies that had been un-
derway, and accelerated the emergence of feudal lords that splintered
Europe into small principalities. As if that were not enough, the
scourge of the Norsemen, or Vikings, began in the late eighth century
and continued on into the tenth century. Over the course of the eighth
to tenth centuries, the Vikings invaded at many places in Europe, in-
cluding France (they besieged Paris in 885-886), the Low Countries,
Britain, Ireland, and Spain. In France they came to be called Normans,
and under that name invaded Sicily and southern Italy in the eleventh
century; as warriors known as Rus, the Norsemen invaded Russia in
the East and, at the least, left their name as a legacy.

The continuous series of barbarian invasions left Roman civilization
in the West in a state of serious decline. The tradition of a centralized
Roman government had virtually disappeared, replaced by fraction-
alized feudal kingdoms. Fortunately, the Germanic and Viking in-
vaders settled down in Europe and merged with the native
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Populations. Indeed, the Vikings were so -
the native populations of the lagnds they irtf:roe::cl):dg }tl}{l};tﬁsmﬁ?' 1
’rﬂly no trace of their culture and language. As o they lefg
scribed it, “after the thieving and the killing and th i
[the Norsemen] farmed and gradually became Engﬁsjli?nit

Scotsmen, Frenchmen, and Slavs” (Logan 1989 436) " lri_sﬁ

THE NEW EUROPE IN THE TWELFTH CENTURY
By the eleventh and twelfth centuries, the great intermy; gl
Ingl§

rotation by the three-field s st i
o e ystem, which enabled farm i

eir p'roducfwlty by one-third, these advances gene f r; . eat il
Crease In agricultural output reTisier s great i

With greatly increased f : i
. ood supplies, the populati

, o -

ically. Europeans founded hundreds of neI:v P;owwns l;rglzie‘;t?;:?;zl

thor s
akjng,.”.l , i
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B decline, cities became a powerful force in the cultural, reli-
~amic, and political life of Western Europe. Between the
“nd thirteenth centuries, Europe developed a money economy
P 'Ej‘ the commercial activities of the new cities.

=|:hE economy grew and the cities developed, relations between
anidl state were also significantly altered. From the outset of
inity, it was assumed (as we shall see in chapter 8) that church
state were separate from one another, and each was supreme in
. own domain. But throughout the early Middle Ages, each sought
'_w,.',-,mate the other whenever an opportunity presented itself. From
lﬁt}ﬁi"m to the eleventh centuries, however, it was the state that im-
Pﬁd its will on the church. Secular rulers—kings and powerful no-
ples—often appointed the higher clergy—bishops and abbots. Indeed,

(e appointees were often relatives of the secular rulers. Moreover, sec-
ulir rulers often assumed the authority to invest new church ap-
aintees with a double investiture, ecclesiastical and temporal, when
they should only have conferred the temporal investiture and left the
scclesiastical investiture to a high church official.

All this changed in the first quarter of the eleventh century by virtue
af the Investiture Struggle (a.p. 1075-1122), which began with Gregory
Vi1, who was pope from 1073 to 1085. The Investiture Struggle was a
conflict between church and secular authorities over control of church
offices begun by Gregory when he proclaimed supremacy of the
church over the state in a document he wrote in 1075, known as the
The Pope’s Dictate (Dictatus Papae). In that document, Gregory asserted,
among numerous similar statements, that “of the pope alone ail
princes shall kiss the feet” (Thompson and Johnson 1937, 379), and
that he had the authority to depose emperors.

What Gregory VII began culminated in 1122 at the Concordat of
Worms under the pontificate of Calixtus I1, a French pope. Under the
terms of the Concordat, the Holy Roman Emperor agreed to take no
part in spiritual investiture and to allow free ecclesiastical elections.
Because the consequences of this agreement were of great significance,
scholars have come to label the subsequent period of the papacy as
the Papal Revolution (Berman 1983, 85-119). Freed from domination
by secular rulers and officials, the papacy was now in control of its
own clerical members. It quickly evolved into a powerful, centralized
bureaucracy. Of the greatest importance in this momentous develop-
ment was the fact that literacy was concentrated in the church. This
was a powerful tool for exercising its power. Harold Berman declares
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that the Papal Revolution “may be view i

ation of thg first European unl?;ersities, (i: i}i: :;?;VQ force in the i
and ]_‘un'sprudence and philosophy as systematic dgiirfse : fitheg og)
creation of new literary and artistic styles, and in the 5 I-p o I
anew consciousness” (Berman 1983, 100). We shall see hwﬂap LAt g
came to grips with secular learning and a Browing relj ow thei.‘h"“ﬁ
and reasoned argument. Indeed, that history begi o T reaggy
Papal Revolution, §nS even before

From the eighth to the tenth centuri i |

son that Boethius exhibited made anlzia’;:aer:ﬁi ?ri ‘:ﬂ;g‘lzasis R

ies and in the courts of Charlemagne and Charles the Bald MONasHep

Reason and the Challenge to Authority:
John Scotus Eriugena

In the ninth centur i

: ; ¥, John Scotus Eriugena (c. a.p. 810-
];I;lenil; philosopher and theologian, who served King (E‘iaétjr E?u?'
of I'rance, wrote a significant treatise. ' T

_ , titled On tHhe Dipies :
ture. In this work Scotus Eriu 1‘ N
' ; gena reveals himself sl
est medieval authors to exhibit the new tendency o e i
and even to exalt it, as we see in this declaration:

€S, in.'—"
g .
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_ald not be applied to revealed truths—for example, the doc-
the Trinity and the Eucharist, which were regarded as beyond
¥ dﬂﬁ*ﬂlﬁmﬁ of reason.

* i Scotus Exiugena’s emphasis on reason was given institutional
._ fin gleventh-century Europe with the development of the cathe-
2 schools that emerged in various European cities. In the late eighth
- , Charfernagne decreed that cathedrals and monasteries were
o gstablish and support schools to educate boys, with the hope that it
o d provide educated priests for the church. Viking invaders and
ather irtriders into Charlemagne’s Holy Roman Empire greatly hin-
e the implementation of this decree. In 1079, however, Pope Gre-
v VI issued a papal decree that ordered cathedrals and monasteries
ﬂgsﬁbiish schools to educate and train priests. Gregory’s decree had
ysignificant impact. Cathedrals, which were located in population cen-
fors, were thereafter expected to provide their clergy and others with
frog instruction in Latin and in the liberal arts. By the eleventh century,
he cities of Paris, Orleans, Toledo, Rheims, Chartres, Cologne, and oth-
ershad cathedral schools that had become intellectual centers for both
¢lergy and non-clergy. By this time, there were large numbers of stu-
dints in Europe who were eager for an education and were willing to
fravel long distances and endure many hardships to obtain it. At cathe-
dral schools, they found libraries and other students who shared their

\desire for an education.

The Emergence of Logic in Medieval Education

The resurrection of Boethjus’ old logic was a major impetus behind
the application of reason to all kinds of problems in the late tenth cen-
tilry. Although the old logic had been around since the sixth century,
few used it; and it was not really taught in schools. But in the late
tenth century, Gerbert of Aurillac {(c. A.p. 946-1003), who became Pope
Svlvester II (a.p. 999-1003), gained great fame as a teacher of the seven
liberal arts at the cathedral school of Rheims. He had a high regard
for logic, or dialectic, as it was often called, and may have been the
first to focus attention on the numerous treatises that comprised
Boethius” old logic. In the eleventh century, Gerbert’s students dis-
seminated his love of learning and his teaching methods throughout
northern Europe. As a consequence, logic became a basic subject of
study in the cathedral schools of Europe. And, in the twelfth and thir-
teenth centuries, would become ever more deeply entrenched in the
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curricula of the cathedral schools and then the Universitigg g
Why did this happen? Why should the forbidding Subject of |, gioert
such a central role in medieval education? R.w. Southery hag 1 . :
“why it was that, from the time of Gerbert, this study assy i

portance which it had never previously attained in the Latin Moy

The works of Boethius are immensely difficuit to understing qop

pellent to read. Why should the subject have taken such a hold o ﬁ_-,

TREing M
the ﬂdviﬁ_@_-‘{ _

imaginations of scholars, so that they pursued it with unf]
through all the obscurities of translation, heedless of
many cautious men of learning?” (Southern 1953, 179).

Pethaps logic became a major subject of study in the Cleventh cun.
tury because it “opened a window on to an orderly and SVstemagi
view of the world and of man’s mind” (Southern 1953, 179) st asic
when intellectual life was at a low ebb, Subjects like theology ang ja,
were difficult to study because, over the centuries, they had be‘-‘ﬂmu'
riddled with inconsistencies and contradictions. The old logie of
Boethius served the early Middle Ages as a model of Tigor ang gp.
ganization for the floundering disciplines of law and theology, ang
perhaps medicine as well. As difficult a subject as it was, logic bevamg

ought to be read first by those beginning the study of philosophy, for

it teaches the nature of words and concepts, without both of which no
treatise of philosophy can be explained rationally” (Hugh of St. Vie-
tor 1961, 59).

John of Salisbury (c. a.p. 1115-1180) reinforced Hugh of St. Victor's
praise of logic. John had studied under some of the great masters of
his day, including Peter Abelard (see below). He was not only well ag-
quainted with the seven liberal arts, but was also learned in thevlogy,
John was an ordained priest who witnessed the murder of Thomas
Becket on December 29, 1170. In 1176, he was made bishop of Chartres,
where he died on October 25, 1180. John of Salisbury was the author
of numerous works, but his most relevant treatise about education in
general, and the seven liberal arts in particular, was his Metalogicon,
in which he gave an assessment of logic. John left no doubt that he
Was a strong believer in the use of reason and that logic was its pow-
erful instrument. He observed that Saint Augustine had praised logic
so “that only the foolhardy and Presumptuous would dare to rail
against it.” Indeed, “since logic has such tremendous power,” John

The Emergence of a New Europe 151
it i ish to study this [art],
] g who charges that it is foolis ]
) Ih :?:. l:jirl;\self to be a fool of fools” (John of Salisbury 1955,
S0 -

: g hn, because
_ e came into bemg, 5ays JO 4
1y, Logic ©

. ience to discriminate between what is tru'e and

i wldﬂ;:;l‘:ei;i; E‘1’“‘C3Els'fi)r‘til"tg really adheres to the path of valid ar-

e M:td m EOf and which [merely] has the [external] appearance of truth,

mentatie pr ds’ which reasoning warrants assent, and Wh.ich should be

i B irion.C ise, it would be impossible to ascertain the truth by
Lol SUSPICIOT. Otherwise, it wo

i 955, 76)
; . (John of Salisbury 1955,
wﬂing

ic i i hy as the soul is to the body. With-
e th'at' Ioggr;ict:?pljl): lcl)c‘f)sl‘zyl;ig all philosophy “is lifeless and
i (3’Iia$zl;egt despite his enthusiasm for logic, John a'lsg em-
Mplﬁs‘i its limitat’ions. It was not to be studied as an end in 1tse1.f,
Immf t;'better understand other subjects. _M_ost import‘ar\tly, logic
o should not be used to elucidate divine mysteries, such as
il-l'd ey, This would be to reach beyond our level of c_(){npreher.t-
::nT?nngs sense, John of Salisbury reflects the more traditional atti-
; nd theologians. .
mﬁhﬁ'zﬁ'}:})ﬁrs;galisbury cghose to reject the application of logic talll‘u:l
reason to articles of the faith, others followed a different patb, one Esl-
eventually made the application of logic and reason to the c!mmzl Irga-
feries a common occurrence. The apparent power c?f lolglc e:lr:ors -
soned argumentation encouraged some early .medlevathau o
apply these powerful tools to theology, F.tspemally to (13 Crhristiem
truths of the faith, which were the focal points of med‘1eva “hristian
theology. The application of reason and logic to.revelatlon, imb o the
ology in general, is a significant part of the medieval .stru;ig ebe ween
faith and reason, or, in its broader context, ‘the relations etw;ectehe o
ence and religion. There were indeed other important facets o he e
lations between science and religion in the late Middle Age:},1 u the
interaction of reason and revelation appe;.ared even befor;:eth e n.:u i
duction of Aristotle’s natural philosophy in the mid-twel " 1cen hy,
and the subsequent transformation of medieval natural p 11.1 0sop ljir-.
We already saw the attitudes of various church fa'thers to t. e appIn
cation of secular science for the better unde'rstandmg of slcflrl}:ture. !
the eleventh century, a few theologians deliberately sought to adp];h )é
teason to revealed truths that were usually ‘reg.arded as beyon ©
powers of human reason. Although the application of reason to revi
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lation had its definite limits, the use of reason in

garded as an important instrument for the proper 13:’!“ Wath
revelation. In this sense, reason came to be oppose;nt iy
the manner advocated by John Scotus Eriugena. Some ch
however, came to regard the rush to reaso oo
vigorously opposed it.

The Role of Reason in Theology: Berengar of Toy

s,
of Canterbury, and Peter Abelard AAnseln

Berengar of Tours and Anseim of Canterbury show that al
the eleventh century reason was taking root as an instrl.n:nﬂ o
ology. Bere.ngar of Tours (c. a.p. 1000-1088) believed thatent e
was more important than authority in theology, and he HH%
v1f1ced that reason, which he regarded as a gift of God sh()111l1.‘IIIrﬂS .
plied to faith. In his explication of the Eucharist E)r d l~d b o
transubstantiation, Berengar clashed with traditional’ theoloﬂgymajg: :
" RATNE

the old logic, he insisted that reason could not Support the vigw thn:':

accidents can exist apart from a substance, as required by church de
werch dop-

trine, which holds that the accidents of the bread no longer subisisy

.in it 'after the consecration; that is, because the bread no Jg

18ts, its accidents can no longer inhere in it, but must exitsitg‘?r%
pendently. Berengar found this illogical and assumed that the I;]dﬂ‘
of the bread continued to exist with its accidents still inherin Lﬂf{ﬂ
He then assumed that a second form, which is the body of [‘jg‘m J'tl
added to the form of the bread. Y T

Berengar clashed with Lanfranc of Bec (a.p. 1010~1089), an Itatian

prehension of truth; because this is evident, no one will den it excepl
a person blinded by madness” (Holopainen 199, 109). In thg samé rgh
butta}l .of Lanfranc, Berengar declared that “to have recourse to da-
a'lecm.: is to have recourse to reason; and he who refuses this recoursé
Since it is in reason that he is made in the image of God, abandons 1‘118Jr
glory, and cannot be renewed from day to day in the i;nage of God”
(Holopainen 199¢, 116). Berengar accepted traditional writings about

0 Arthor .

Il as a dangerOUs !TEn[ia'rh
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< doctrine upheld by the church, but he strongly believed that
of reason was essential for understanding them properly.
_hoth Berengar and Lanfranc regarded logic, or dialectic, as
% t, but the former was prepared to apply it to articles of the
? h.iIE the latter was not. Those who had learned and used logic
K ""-,'j{ﬂﬁihlf-' into two groups: those who were prepared to use logic
ﬂfjﬂ}' articles of the faith, and those who were not because they re-
. wd it as improper “to submit the mysteries of faith to the rules of
el reasoning” (Gilson 1955, 615, n. 41). In general, it seems that
ﬁh theologian, the proper use of dialectics was the one which he
I was making of it” (Gilson 1955, 615, n. 41).
' ‘More than anyone else, Anselm of Canterbury (a.p. 1033-1109)
fvanced the cause of those who wished to apply reason to theo-
l’ﬁml problems. Following a sojourn as prior and then abbot of the
Abbey of Bec, Anselm became archbishop of Canterbury in 1093,
Mfmﬁ with many like-minded theologians, Anselm firmly believed,
#' had Saint Augustine, that in order to understand the faith, one
had first to be a believer. Reason presupposed faith to gain under-
standing. Anselm thought it essential to explain in rational terms
\what he believed on faith. He wrote two major theological treatises,
the Monologitin and the Proslogium. The three proofs of God’s exis-
fence in the former treatise and the famous ontological proof in the
latter are based solely on reason and do not involve appeals to scrip-
ture or revelation. The Monologium is a remarkable treatise because,
as Anselm informs us, it was requested by Anselm'’s fellow monks
with whom he had discussed the being of God and other topics. The
form of their request is, however, quite unusual. In Anselm’s words,
they asked “that nothing in Scripture should be urged on the au-
thority of Scripture itself, but that whatever the conclusion of inde-
pendent investigation should declare to be true, should, in an
unadorned style, with common proofs and with a simple argument,
be briefly enforced by the cogency of reason, and plainly expounded
in the light of truth” (Anselm 1944, 35). Thus, the monks requested
that Anselm avoid appeals to scripture and use only reason to
‘demonstrate truths of faith, especially the existence of God. In both
treatises, Anselm used only reason, arguing as if he had never heard
of Christianity. The most famous example of Anselm’s use of reason
is his controversial ontological proof. Here is a modern philoso-

pher’s summary of it:
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The definition of God in Whom aj] Christians believe, containg phe ;.
that God is a Being than which no Breater can exist. Even the Fool in
(Ps.14:1), who said that there was no God, understood what wae
God when he heard the word, and the object thug defined existed iy hix o8
even if he did not understand that it exists also in reality, But if g b
solely an intra-mental existence, then another can be thought o
real existence also, that is, it is greater (by existence) than the opa H'Im':

NO greater can exist. But this is a contradiction in termsg, 1

Down to the present day, philosophers have argued aboyt the ya
ity and meaning of Anselm’s ontological proof for the exista
God, thus testifying to its importance.

Anselm’s treatment of theology was rigorous enough that mada

emphasis on reason than did Berengar.

The most significant logician and the greatest rationalist of the
twelfth century was Peter Abelard (see Figure 5.1), perhaps the mugt
important intellectual of the twelfth century, and forever famous for
his love affair with Heloise. Unlike Berengar of Tours, who used logie
to challenge the doctrine of transubstantiation, Peter Abelard, [ik
Anselm and most other advocates of the application of reason to the
ology, did not use reason to challenge church doctrine, as he indicates
in this statement: “I will never be g philosopher, if this is to speik

against St. Paul; [ would not be an Aristotle, if this were to separate Hyure 5.1, Peter Abelard.

me from Christ” (Knowles 1962, 123). Like Anselm, Abelard was also ) ) ings. It is those reasonings
convinced that one should accept divine authority as supreme, but us above all with philosophical ;eii?;lg;gd I e e
that in order to understand the faith it was necessary to use logic and which we have PI'mCIPa“_Y enquire lying himself to philosophical and
reason. He argued that philosophy was essential for the proper de- fully understand them WlthQUt’?l(DLI?u);COiqbe 1988, 294, n. 57).

fense of the faith against heretics and unbeljevers, “Those who attack especially to dialectical studies

i i ic and reason to the articles
our faith,” Abelard declared in one of his theological treatises, “assail With this attitude, Abelard applied logic
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of faith. In his autobiography, The Story of My Misfortupps (Histat,
calamitatum), Abelard explains that he wrote a theological oAt
the divine unity and trinity for his students, “who were agkin P
human and philosophical reasons and clamouring more for ‘"hﬁr
could be understood than for what could be said.” His students i
apparently agreed that “the utterance of words was St '
less it were followed by understanding, and that it was ridiciloyg g

anyone to preach to others what neither he nor those taught

by him
could accept into their understanding” (Luscombe 1988, 293). ¥ hl_m.

Abelard was driven to understand whatever he was asked f gp.
cept, and he wanted his students and others to do the same, To il

trate his great desire to study all questions in theology fram .a['['
relevant aspects, Abelard wrote his most famous treatise, Yes and
(Sic et Non). Because he wanted his students to approach all questions

in a critical spirit, Abelard presented a series of theological quusﬁcﬁ.
in which alternative answers were presented for each guestion, T
order to elicit conflicting responses to the questions, Abelard framed
each question in such a way that both yes and no answers WeEre px.
pected. He usually ended each question with “and the contrary” (u
contra) or “and not” (et non). Among the questions he considered, [
their original numbering, are

1. That faith is to be supported by human reason, et contra.
32, That to God all things are possible, et non.
141. That works of mercy do not profit those without faith, et contra,
145. That we sin at times unwillingly, et contra.
154. That a lie is permissible, et conira.
157. That it is lawful to kill a man, et non. (Haskins 1957a, 354-355)

In his response to each question, Abelard presented the most im-
portant affirmative and negative arguments, drawing most of them
from the church fathers. In presen ting arguments on both sides of each
question, Abelard drew attention to the many differences of opinion
among the church fathers. One could see at a glance that they wete
often in serious disagreement with one another. Many thought
Abelard had subverted the church by focusing on such discrepancies.
After all, if the church fathers could not agree on many of these sig-
nificant doctrinal questions, what were the faithful to think? Abelard
explains his intent at the conclusion of his prologue to Yes and No:

perfl uous m‘__
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cie= which these texts seem to contain raise certain questions
:TL resent a challenge to my young readers to summon up all
: m'éslt)ablish the truth and in doing so to gain mcrt?ased perspicac-
g source of wisdom has been defined as continuous and pen-
gpor the Prfmf’lhe most brilliant of all philosophers, Aristotle, encouraged
g.ﬂﬂq-'Lm—:'rn;ndertake this task with every ounce of their curiosity. In the
'-gmdem:l:: category of relation he says: ‘It is foolish to make confident
geetion bout these matters if one does not devote a lot of time to ther.n.
e aJ:ar:tit:e to question every detail.” By raising questions welbegm
e End by enquiring we attain the truth, and, as the Truth has 1n’fact
ek d ye shall find; knock, and it shall be opened unto you."...
sl o ?:f:'r- ¥adduce passages from the scriptures it should spur and in-
P T:::iers Eo enquire into the truth and the greater the authority of these

e the more earnest this enquiry should be. (Piltz 1981, 82)

iigggei

- disctep
ghot

&_51-5 seful

ignifi lard emphasizes ra-

1n this powerful and significant paragraph, Abe ¢ .
'uirgllilitsvlzstigaﬁon with his declaration that “by ralsmg” questions we
i in to enquire, and by enquiring we attain the truth. {‘\belard was
:zﬁtely aware of the pitfalls in the pursuit of truth by rational means.

/[n the same prologue,

Abelard discusses how to compare what different writer§ say and howj to ac-
mﬁnt for the meaning of a word, which may take on different mct]eanmgs :;
‘different contexts. It is essential to interpret troublesome texts an l}:asfs?fis-
atd to determine, to the extent possible, whetherr t_hey are thefresft: 3arefu1
cipying or poor translation, or due to thte %'eader ] 1gnorance._ It; after careh
analysis, two authorities still disagree, it is necessary to welgf onethgg et
the other in the larger scheme of things. Nothing is exempted rox: i s i ;g,h
grous inspection except the Bible and those pronouncements that Ft.e_ muan‘:i
has accepted as true. All other authorities and texts are open to criticis
#nalysis in an effort to arrive at the truth. {Grant 2001, 61}

Abelard was perhaps the most spectacular aut.hor in the twelfth cie.n-
tury to rely on reason and logic in his analysis of theglogj'/ and its
daims and arguments. The twelfth century proved a mgmﬁcant pe-
riod for the advance of theology. But it did not come easily.
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—rently holding God suspect, will not believe anything until he
'ﬂ mined it with his reason. (Bernard of Clairvaux 1953, 328)

snuous attacks against Abelard resulted in a charge of

s cont
/ Abelard, who was condemned at the Council of Sens

¢ -agaiﬂst
i ﬁl- Abelard was compelled to forego lecturing, and he retired to

where he remained until his death.

The Sentences of Peter Lombard

Peter Abelard and others were silenced by conservative
who still had influence and power to affect the course of

Although
days of the traditional theologians were numbered. The

mﬂggims.

iheology, the

' malication of reason and logic to theology was too important to be sti-
fled Fot
received 2 major,

Jong. Shortly after the death of Bernard of Clairvaux, theology
even monumental, impetus from the composition of
atheological text by Peter Lombard (c. a.0. 1095-1160; see Figure 5.2).
Between 1155 and 1158, Peter Lombard wrote a treatise titled Four Books

Spniences, which became the basic textbook in all schools of theclogy

of

iy the Latin West until the seventeenth century. The four books into
‘which Peter divided his treatise were devoted to God, the Creation, the
Incarnation, and the sacraments, respectively. Theological students

were required to lecture and comment upon these four books. The term
sintences in the title stands for the Latin word sententige, or opinions.
The opinions were drawn from the writings of the church fathers.
Peter’s object was to organize these opinions as logically as possible,
thus forming a new “systematic theology.” The church father upon
whom Peter relied most heavily was Saint Augustine. Peter was not
fhe first to write a theological textbook, but his collection of opinions
displaced all others and became the standard work for theologians to
study and master. Between 1150 and 1500, only the Bible was read and
discussed more than the Sentences.

Because the treatise was lectured and commented upon by all the-
ology students, there is a very large body of extant commentaries on
the Sentences, perhaps as many as 1,000, many of great length. Exam-
ination of this body of literature indicates unequivocally that medieval
theology was a systematic, rationalistic discipline. It also reveals that
a great deal of natural philosophy was introduced into these com-
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De A. Theuet, Liure 111 142

PIERRE LOMBARD M AISTRr
des Sentenges. ?\?Jbap. a’;.' &E

Figure 5.2, Peter Lombard. (New Catholic Encyclopedia, 2003, 11:191 )}

mentaries. This occurred largely because the second book was de-
voted to the Qreaﬁon, making it almost inevitable that commentators
would use Aristotle’s natural phiIOSOphy——eSPecially his physics and
c'osmology.—to explain the Biblical creation. But logic was aI);o exten-
§1vely applied in all four books. How commentaries on the Senfences
illustrate the relationship between science and religion, or natural phi-
losophy and theology, will be discussed in chapter 7. ’ :
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., victory of the new theology was guaranteed with the intro-
~e.0 into Europe of Latin translations of Greco—Arabic science and
o philDSOPhY' Within this body of literature, Aristotle’s logic and

] philosophy played the crucial role that transformed both nat-

philoSOPhy and theology.

THE BEGINNINGS OF THE NEW NATURAL
PHILOSOPHY

As theology changed in the first half of the twelfth century, so did
aatural philosophy. Dramatic changes began even prior to the intro-
Juction of Aristotle’s works, which impacted medieval thought in the
spcond half of the twelfth century and had their full impact in the thir-
jeenth century. The changes in natural philosophy prior to the trans-
mission of Greco-Arabic science into the Latin West were parallel to

that occurred in theology, and which were just described. That
is, natural philosophers began to question authority; they sought to
interpret nature in rational terms and accepted traditional authorities
only if they passed the test of reason. The two most significant twelfth-
¢entury matural philosophers were Adelard of Bath (c. A.p. 1080-1142)
and William of Conches (d. after a.p. 1154).

Adelard of Bath traveled in the Middle East and learned enough Ara-
bie to translate Euclid’s Elements and al-Khwarizmi’s astronomical ta-
bles from Arabic to Latin. The most important of Adelard’s works in
natural philosophy is the Natural Questions (Quaestiones naturales), writ-
ten around 1116. The treatise is in the form of a dialogue between Ade-
lard and his unnamed nephew. The nephew, who often makes foolish
statements, poses question after question to Adelard, who patiently an-
swers them, as a good uncle should. The questions range over plants,
animals, the elements, man, physics, meteorology, and astrology. Ade-
lard compares authority to being led around by a halter: “For what
should we call authority but a halter? Indeed, just as brute animals are
led about by a halter wherever you please, and are not told where or
why, but see the rope by which they are held and follow it alone, thus
the authority of writers leads many of you, caught and bound by
animal-like credulity, into danger” (Dales 1973, 41). He denounces
gullible, conterporary readers, “who require no rational explanation
and put their trust only in the ancient name of a title” (Dales 1973, 41).
After his nephew sees a flaw in one of Adelard’s explanations about
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the nourishment and sustenance of plants and

appeal to God can explain the ph
e
nephew by invoking reason: penomenen,

concludes tha
t onls
Adelard repj N

[ take nothing awa
y from God, for what e
of Him. i ever exists ig fr .
arra;m But the natural order does not exist confused] Ude-I]’D.:l el bty
gement, and human reason should be listenedyim Withoup ray.

things i A P o

e r‘;‘ee%: tlct) tcr;ea:s '?}fl' But when it completely fails, then the ;a‘t-?ﬂwmltlg the

e ¢ od. Therefore, since we have not yet complete] : er shi be e
S, ‘et us return to reason. (Dales 1973, 40) pletely lost the g of ot

For Adelard, reason was a gift of God and sh

:zzlreflljregni Og:ten in Vfﬂin. God created our w;):;tlddalfdu;f:é: I:ftﬁ i
ke s, et sl
were serious about investigating Ill'le::lturrz ./I;denomena‘ 'TO g o
pught to seek the reason for anything, and thz'??fi e e
a ’ w : .
;itzrvgc :I:airhl.;f added. Authf)rity alone cannot make aepﬁh?g:m her he
Phiby i:few E{ ltil:): ls\?%uld it be adduced for this purpose” (Dafeg; lgbpg;
of reason in natural I:)lhiil)icgies Isi;:erpass'?ld et ool foe Llser
an;iv i?ught a rational explanagon foivaol; ;}clleizif:ri e P
o lln ;ar:;i Soiflggnchzs Wf:lS a teacher in France but gave it up after b
g disillu ioned with th(_a pandering tactics of his coll ue-
e e S :tgn natul:al philosophy appear in his most im;gﬁ;ﬁ
Phﬂoso;;hy ; fme ;f;)IIE Wth.h was a revision of an earlier treatise titled
e orld (Philosophia mundi). For the first version of his
freats ;;nd CDﬂm was severely criticized by William of St. Thierry, a

et and co aebague of Bernard‘ of Clairvaux. William of St. Thie F
Tntty s o ;Zt 1?‘16 way William of Conches had discussed the
D im of hFFe.sy In the later Dragmaticon, William
WilTonehes yes 0: to the cntl‘msr.n and made appropriate changes.
Ml towird etr many topics in natural philosophy, but it is hig
ettt vare 1:;1 ure, and Fhe role of the Bible in interpreting na-

Li’k ! AdEIards feBDmgma.tu.:on an important treatise.
church fathers asoautﬁ:)i}hglil;]aﬂ;tzfrs 01;1‘3'}1193 dli'td i thoes e
] philosophy. ~

ltjl;:it ngeitiilir; :100 tf:hfl_'l Catholic faith or moral imzu)éticfs,’fh;)\fiiﬁl:;ﬁzi

father;' e allowed to contradict Bede or any other of the hal
- nowever, they err in those matters that pertain to thSiCSY

Sy are absent

an authgp.

The Emergence of a New Europe 163

-ad to state an opposite view. For although greater than we,
only human” (William of Conches 1997, 38-39). In agree-
delard, William firmly believed that God had created a
{ universe that operated in a lawful manner. It was the task of
'ruﬁ"* Pﬁi[&wpher to discover the causes by which the universe

# 4 Inanother treatise, Gloss on Boethius, William denies the util-
5 in natural philosophy. He argues that some priests be-
they find in the Bible and ridicule topics and themes
from sacred texts. “They don’t realise,” William ex-
wthat the authors of truth are silent on matters of natural phi-
" P’h . not because these matters are against the faith, but because
o have little to do with the strengthening of such faith, which is
MH' thase authors are concerned with. But modern priests do not
want us to jnquire into anything that isn’t in the Scriptures, only to
pelieve simply, like peasants” (Stiefel 1985, 86).

\\yith William of Conches and Adelard of Bath, natural philosophers
towan to subject their interpretations to the test of reason and logical
analysis. Traditional authorities had to pass the test of reason before
{hieir explanations were accepted. Because they rarely invoked scrip-
tural authority, the new natural philosophers did not include appeals
{o the Bible. There was little of religious content in their treatises about

e with A

g only what

the workings of nature.
The historical developments described in this chapter may be

viewed as a two-track evolution that challenged authority in two dif-
ferent, but sometimes related, domains. One track is represented by
theology, to which the application of reason is limited only by revealed
fruths, which were beyond the scope of reason; the other track was
that of natural philosophy, which was limited by certain fundamen-
tal truths associated with the biblical creation account, but not by re-
vealed truths, with which it was not concerned.

The two tracks were destined for dramatic changes produced by
momentous events in the twelfth century that changed the character
and depth of natural philosophy in ways that came to seriously affect
both theology and natural philosophy and their interrelations. The
great weakness of twelfth-century natural philosophy—the kind of
philosophy produced by Adelard of Bath and William of Conches—
was its shallow and meager base of knowledge. But even as Adelard
and William were writing their treatises, a massive change was un-
derway that would transform Europe’s intellectual culture. European
scholars began to translate Creek and Arabic treatises into Latin, trea-
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Chapter 6

The Medieval Universities and the
iImpact of Aristotle’s Natural
Philosophy

‘ue (he end of the eleventh century, Christian Europeans were well
aware
of knowledge and expertise in natural philosophy and the sciences
\{han they had. Although they were undoubtedly aware of this long
‘pefore the end of the eleventh century, their awareness was height-
ened immeasurably after they captured Toledo and Sicily from the
‘Muslims in 1085 and 1091, respectively. Because both Toledo and Sicily

that the Arabs in Spain and Sicily had attained a far higher Jevel

were important centers of learning, Christians could directly witness
lhe great disparity between their level of knowledge about the phys-
ical world and that of the Muslims whom they had just conquered.
They also knew that Greeks in the Byzantine Empire and in various
parts of Europe, especially Venice, had philosophical and scientific
treatises in the Greek language that were unknown in Western Eu-
tope. As word spread into all parts of Europe, scholars were drawn
10 both Greek and Arabic centers of learning to translate these texts
into Latin, the language of learning in Western Europe. As a conse-
quence, a massive translation of Greek and Arabic science into Latin
began in the twelfth century and continued until the third quarter of
the thirteenth century.

Translations from Greek into Latin were preferred simply because
Greek and Latin are cognate languages, and a more precise rendering
could be made. Because Latin and Arabic are unrelated languages,
misinterpretations were more likely to occur. But the essential objec-
tive for all translators was the same: to transfer faithfully the mean-
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ing of the text from one language to another, How Successfy

dieval translators? David Lindberg has rightly declared th:twefemﬁ

it Is not possible to say much more than that translations varj
to bad. Some translators, skilled in the subject matter as wellned 9
'langua‘ges, were able to capture exactly the sense of the origin::ls- the n:lm'm
ing an u-'nperfect command of the languages, or the subject m t’ Ve
unintelligible results. Viewed as a whole, however, trang] itiiter’ phbil:
Westem Christendom with an adequate knowledge c;f the G: 01?3 Wil
intellectual achievement—and thus with the basic materialg oilet o?:ih'ﬂ,
"Mich

own system of philosoph i
bore 76 79 P phy and natural science would be constructed, (|ing.

Althoush many scientific works in optics, astronomy, m :
mathematics, and alchemy were translated in the ﬁrst, ha‘lefc hﬂfm“"
t'w.elfth century, these works did not play a significant role j t|]1 i
lations }aetween science and religion during the late Middlenﬁlrf i
was Aristotle’s works on natural philosophy, and the mmmenhtf‘ﬁ ; i
on those works by his great Muslim commentator, Averroe Tt
Rushd), .that were, and remained, the focal point in ti1e relatioS HI:I
tween science and religion. The translations of Aristotle’s worksnf\rem

therefore of fundamental importance f. i
. or the hist ]
ligion in the Middle Ages. P istory of science and re-

THE TRANSLATIONS OF ARISTOTLE’S BOOKS ON
NATURAL PHILOSOPHY

Beginning in the twelfth century, Aristotle’s works were translated
from both Greek and Arabic. Translations from the Greek were. (i
ferreFl because it was the language in which Aristotle had WrittEIlF:LiE
treatlse.s. The two greatest translators from Greek to Latin were Jamgs
of Venice (d. after a.n. 1147), the first major translator of Aristotle’s
works from Greek to Latin, and William of Moerbeke (c. A.-D. 1215-¢
1286), who was the last. James of Venice translated Aristotle’s Ph sic:s.
On the Soul, the Parva naturalig, and at least part of the Metapkysicf:r I*Ié
also translated the Posterior Analytics and other logical treatises (IIIJoci
1982, 54-55), which were regarded as the genuine Aristotelian texts for
more than three centuries (Minio-Paluelio 1973, 66).

Wflham of Moerbeke translated at least forty-eight treatises, in-
cluding seven on mathematics and mechanics by Archimedes tr’ans—
lated for the first time into Latin (Grant 1974, 39-41; Minio—I;aluello

"’.srm_'.
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- 136-438). His Aristotelian translations are truly impressive. He
_ 'J"thE first to translate Aristotle’s biological works from Greek into
|$‘l- in translating the rest of Aristotle’s natural philosophy, Moer-
ke found it useful to revise, expand, and even complete some ear-
. manslations, including revisions of at least three treatises
i wﬁuus!}' translated by James of Venice. In addition, Moerbeke trans-
-];!Iitfed Greek commentaries on Aristotle’s works from late antiquity.
?,'-hﬁ he translated John Philoponus’ Commentary on the Soul, and
aimplicius’ Commentary on the Heavens. One of the earliest beneficiar-
fisi of Moerbeke’s translations was Thomas Aquinas, who used the
ransiations of Aristotle’s On the Soul and Physics, Simplicius’
.:E;;rm;:runm;u on On the Heavens, Themistius’ Commentary on the Soul,
and others (Weisheipl 1974, 152). With Moerbeke’s monumental con-
iributions, all of Aristotle’s natural philosophy was available by the
Jast (quarter of the thirteenth century in translations from Greek and
Arabic.

" Although many scientific works were translated from Arabic to
{atin in the first half of the twelfth century by such translators as Plato
of Tivoli, Adelard of Bath, Robert of Chester, Hermann of Carinthia,
Dominicus Gundissalinus, Peter Alfonso, John of Seville, and others,
the earliest translations of Aristotle’s works on natural philosophy ap-
pear to have occurred in Spain in the latter half of the twelfth century.
By far the most prominent translator of Aristotle’s natural philosophy
was Gerard of Cremona {c. A.p. 1114-1187), the most prolific transla-
tor from Arabic to Latin of works on science, medicine, and natural
philosophy. From a brief bio-bibliography that his students appended
to Gerard’s translation of one of Galen’s medical treatises (Tegni or Ars
parva), we learn that Gerard, unable to locate a copy of Ptolemy’s Alm-
agest among the Latins, went to Toledo in search of that great astro-
nomical treatise. Once there, Gerard not only found the Almagest,
which he eventually translated, but, his students inform us, “seeing
the abundance of books in Arabic on every subject, and regretting the
poverty of the Latins in these things, he learned the Arabic language,
in order to be able to translate” (Grant 1974, 35). And translate he did.
In approximately thirty years, he converted seventy-one works from
Arabic to Latin. What is remarkable about Gerard’s monumental ef-
fort is the range of his achievements, which included works in math-
ematics, astronomy, medicine, and alchemy; under the rubric of
philosophy, he also translated most of Aristotle’s natural philosophy.
Included among his translations are Aristotle’s Physics, On the Heav-
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on the basis of this fact that his knowledge of Aristo-
7y te, for, contrary to the prevalent opin-
+ students of the history of philosophy, the translations of Aristotie
Mﬁbtc and in Hebrew have preserved to a remarkable degree not only
Lut analyses of the text of Aristotle’s works but also the exact meaning
- porminology and forms of expression. (Wolfson 1929, 7)
n's remarks about translations into Arabic and Hebrew apply
d probably even more so, to translations of Aristotle’s texts
Once Aristotle’s treatises on logic and natural philosophy
\ad as the basic curricutum in the arts faculties of medieval
the course of the thirteenth century, they became the
.',!&ini ents and teachers over the whole of Europe
figr almost four centuries. Students read similar Aristotelian texts at
the Universities of Oxford and Paris, and the scholars who wrote com-
mentaries ox questions on those same texts confronted much the same
jssues, and understood one another’s interpretations and analyses, be-

gatsethey shared a common heritage of Aristotle’s works. We should,

however, keep
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in mind, as we have already seen that all the manu-
scripts of Aristotle’s works were hand copied, making it inevitable
that the different versions varied with small to large discrepancies. In
“general, however, medieval natural philosophers seem to have agreed
an the meanings and interpretations of Aristotle’s texts, although
there were, of course, disagreements, as there still are today.

UNIVERSITIES IN THE MIDDLE AGES

As the Middle Ages entered the thirteenth century, two great events
intermingled to produce a monumental change in the intellectual life
of Western Europe: Universities were already in operation by 1200 at
Oxford, Paris, and Bologna, and the translations of many of Aristo-
tle’s books on natural philosophy and logic were available and ready
to serve as the basis of a new curriculum in the emerging universities.
As evidence of this new relationship, as well as an early indication of
the impact of the church on Aristotle’s natural philosophy, one may
point to a decree in 1210 by the Parisian Synod, which declared,
among other things, that “no lectures are to be held in Paris either
publicly or privately using Aristotle’s books on natural philosophy or
the commentaries, and we forbid all this under pain of excommuni-
cation” (Maccagnolo 1988, 429-430). The prohibition of 1210 is a good
indication that Aristotle’s treatises on natural philosophy, and perhaps
also the commentaries by Averroes, were readily available, for other-
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A dlassroom in fourteenth-century Germany. (Staatliche Museen, Berlin.}

Figure 6.1.

y numerous craft and merchant guilds

(see Figure 6.1).

The corporation was an imp
af which church and state in the M
fhe same profession or trade the righ

afforded its members various legal ri
of the corporation had the right to elect their own officers. The can-

didate with the majority of votes was regarded as an elected officer.
The corporation was thus a form of representative government.
Elected officials had the right to represent the corporation in law
courts, or before state and church authorities. Corporations could own
property, sue or be sued in the courts, draw up contracts, and perform
other functions on behalf of its members. To look out for the interests
of their members, corporations formulated laws and statutes that were
considered binding for their members.
Corporate status was a boon to universi

ortant medieval legal concept by means
iddle Ages granted individuals in
t to form a fictional entity, which
ghts. For example, the members

ties. Such privileges effec-
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tively conferred autonomy on all entities legally regarded g COraLl
tions. As educational institutions, the universities enjoyed ko
and were thus able to control their own affairs. Ag members of _j;f.;;_
university community, students and teachers enjoyed varigig ne
leges and were also expected to adhere to certain Testrictions, [yaews:
their legal autonomy, universities in the thirteenth and fuur[.geﬂfh. ;t]
turies were subject to some ecclesiastical influence and PHEUIE,BEFE
they were also recipients of ecclesiastical benefits. i

The corporate structure of the medieval university provided sub.
stantial stability and thus allowed the teaching of natura] Ph-jjns‘}ﬁ
to develop as the basis of all university learning in the fouy Facultjp,
that comprised a major university, namely arts, theology, medicing

and law (see Figure 6.2). The last three faculties constituted gl‘ﬂduﬁl};fl

level instruction for professional degrees in theology, medicine, and
law. To matriculate for a degree in one of these higher faculties, the
prospective student was ordinarily expected to have acquired a Bach,
elor of Arts degree as well as a Master of Arts degree, the latter m;,.
tomarily requiring two additional years of lectures and study beyong
the four years required for the bachelor’s degree. It was while Pirsy-
ing their arts degrees that future theologians, physicians, and lawyers
acquired an unusual degree of familiarity with logic and natura] phi-
losophy. For approximately four centuries, the arts faculty gave all
university students a common intellectua] experience and a comman
intellectual heritage. Whatever their future careers might be—whethar
as professors in arts, as practitioners or professors of theology, law, vr
medicine, or as clerks in royal courts or municipalities—all studerits
acquired a basic knowledge of logic and natural philosophy, subjects
that were valued for their own sakes and also regarded as useful, if
not indispensable, in the higher disciplines of theology, law, and med-
icine.

TYPES OF LITERATURE IN NATURAL PHILOSOPHY

Medieval natural Philosophers developed three basic formats for
presenting their subject. Two of the three formats were directly related
to Aristotle’s works in natural philosophy. The third was concerned
with topics about subject themes in natural philosophy that were in-
dependent of Aristotle’s natural philesophy, although Aristotle may
have briefly discussed some of those themes. For example, lengthy
treatises were composed on such subjects as whether the celestial mo-

Flgure 6.2, Philosophy surrounded by the seven liberal arts (arithmetlc,Ageorr};ettr:y, er:ltljlr; ialalit;'torg—
! r i i i i its offspring. A twelfth-c -
ar, rhetoric, and dialectic, or logic), which are i
mﬂﬂlf?;?'nmr: collection made by the abbess Herrad of Landsbe_rg d(d. 3.[:{351 :)23:] &l}t{lz;n;g‘;:r;dtgs
i i i ion shown here survived an
tallettion was destroyed in 1870, the illustration s |
fiosalie Green, Hortus Delicrarum, 2 vols. (1979). (For more, see Murdoch 1984, 192, 381))
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-1 of the full text, only the first few words of each section
= ted, after which the author would discuss that section and
'Fmgent the next few words of the next section, and so on through

hén P s treatise. The few words of each section were simply guide
e to cue the reader into the section under discussion. Occasion-
.-I'iu.*mphraﬁm were made of Aristotle’s text, or Aristotle’s text and
;ﬁﬂiiﬁf*ﬁ. opinions were intermingled.
| By far the most important type of literature in medieval natural phi-
wophy was the second format, which took the form of questions. The
~Lcrions treatise was an outgrowth of oral disputations that were
field by students and teachers in the classroom. In these disputations,
iﬁg'tﬂﬂdﬁng master proposed a question for his class. Students were
leon to defend the affirmative and negative sides. After the pres-
entation of both sides, the master was expected to resolve, or “deter-
mine,” the question by proposing a solution. This became the skeletal
faame of all questions that were included in questions treatises, or
stiones as they were called in Latin. The structure of the typical

written question was patterned after the following six-step outline:

{,.Statement of the question, which usually began with the word “whether”
(utrrim in Latin). For example, the author asked: “whether the earth is
_sphert‘cﬂ " “whether there are four elements, no more nor less”; or
“whether lightning is fire descending from a cloud,” and so on.

2. Arguments opposed to the author’s position, usually referred to as the
“principal arguments” (rationes principales).

3. Assertion of one or more opinions opposed to the principal arguments,
often accompanied by an appeal to a major authority, usually Aristotle.
4. Clarification about the meaning of the question or any of its terms; an op-

Honal step.

‘5, Author’s main arguments, which were presented in a variety of ways.
Sometimes the arguments were given as ordinally numbered conclusions
(conclusiones); other times they were not iden tified as conclusions, but were
numbered ordinally; or they were left unnumbered, but presented one

after the other.
6. Brief refutation of each of the principal arguments presented in the second

step.
Medieval natural philosophy was made up of hundreds of ques-

tions similar to the three included in the first step. Most were straight-
forward, based on Aristotle’s descriptions of the structure and
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| 1255, the ban on Aristotle’s natural philosophy had apparently
' 45 is obvious from a list of texts for that year revealing that all
B iotle’s treatises were used in lecture courses at the University
L aris,“EV'l-’-""' prior to 1255, Roger Bacon had been giving public lec-
e on Aristotle’s natural books at the University of Paris, perhaps
{-ﬁﬂ_‘;’ as the mid-1240s. Aristotle’s books would never again be

nad in Europe during the rest of the Middle Ages. Indeed, they
| welcomed. Nevertheless, more difficulties lay ahead,

e warmly
Uhiehnow took another form. Instead of banning Aristotle’s texts out-

-kt or attempting to eliminate offensive material from those texts,
"ﬂﬂ_vﬂlﬁgml authorities instead chose to condemn certain ideas that
i

hev regatded as dangerous or threatening to the faith. During the
\(260sand 1270s, conservative theologians, among whom the most em-
4rent was Saint Bonaventure (John Fidanza) (a.p. 1217-1274),
(sunched a second major assault in what ultimately proved a vain ef-
fort to curtail the influence of Aristotle.

A sense of frustration was already apparent by 1270, when tradi-
Honat theologians prevailed upon the bishop of Paris, Stephen (Eti-
enine) Tempier, to condemn thirteen articles that were derived from
{he writings of Aristotle and Averroes, an act triggered by the activi-
Hes of two famous arts masters in the 1260s, Siger of Brabant (c. A.D.
1240-d. c. 1284) and Boethius of Dacia (d. ¢. A.p. 1284). Siger and
Boethius were dedicated followers of Aristotle and his Islamic com-
mentator Averroes. They adopted some of the more extreme Aris-
totelian interpretations of Averroes, which included, among other
ideas, “that the world is eternal, that terrestrial events are subject to
the movement of the heavenly bodies, that there is only one human
Intellect, that there is no free will or choice, and that the soul is de-
stroyed with the body and is unable to suffer punishment” (Asztalos
1992, 424). All of these views were contrary to Christianity and were
included among the thirteen articles condemned by Bishop Tempier
in 1270.

Although, as we shall see, the condemnation of the thirteen articles
seems to have had little effect, the teaching masters in the arts faculty
sought to avoid possibly dangerous entanglements with theology by
demarcating the boundaries between natural philosophy and theol-
ogy. They did this in 1272 by making it mandatory for all members of
the arts faculty to swear an oath in which each agreed not to consider
theological questions—as for example, the Trinity and incarnation—
in their treatises on natural philosophy. If for some reason an arts mas-
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ter was unable to avoid a theolog;

. . gical probl
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treatises on natural philosophy. ®
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and the adoption of ap fe
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of the arts faculty in 1272 were apparently msufficie;:&tlobpf'
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the Order of St. Augustine” (G
2t Augustine” (Giles of Rome 1944, 3 Y
those by Aristotle and four of his Islamic follox:vei"sme y

1138-1204). (As was usual in th i i
_ : e Latin Middle Ages, (3 i {
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1. That motion did not have a beginning.

2. That time is eternal.

3. That the world did not have a beginning.

4. That the heavens were not made.

5. That God could not make ancther worid.

:. That generation and corruption had no beginning and will have ng ent.

. I]lat th.e sun Wl” aI“‘a AUSe per IEIatID]l an Or I.J.P n t]le Sublli"
S C

12. That it is impossible to admit g fi .
1944, 11-—13)P admit a first man or a first rainfall. (Giles of Rome
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Laition to the fifth error, in which Aristotle denied God the power
4 '&. another world, Giles of Rome denounces Aristotle for other
hl'mﬁ' on the divine power, as we see in the following errors:

 Tht nothing new can proceed directly from God.

!1: That the gesurrection of the dead is impossible.

i 11,—,,; God could not make an accident without a subject.

& That two bodies cannot in any way be in the same place. (Giles of Rome

-.'19'4'4! 13)

The other philosophers repeat some of Aristotle’s errors and add
‘many of their own. A fair number of the errors Giles detected in the
_g;k__n'nnr(: hristian philosophers would reappear in the great Condem-
" nation of 1277. Before turning to that condemnation, however, it will
:".’IJ'E' helpful to describe the antagonisms that had developed between
the faculties of arts and theology at the University of Paris by the
112705, a development that played a significant role in generating the

(Condemnation of 1277.

Tensions Between the Faculties of Arts and Theology

As separate corporate entities, the faculties of arts and theology
were each the guardian of a significant discipline: the arts faculty over-
seeing natural philosophy and the theology faculty defending and in-
terpreting matters of faith and revelation. In a society in which the
Christian religion played a dominant role, it is easy to see that, solely
by virtue of their subject matters, the theology faculty had far greater
power and influence than did the arts faculty. Many, if not most,
thirteenth-century theologians regarded revelation as superior to all
forms of knowledge. It is, therefore, hardly surprising that, in general,
theologians retained the traditional opinion that secular learning was
the handmaiden of theology, and consequently that science and nat-
ural philosophy existed for the benefit of theology. As a firm believer
in this doctrine, Saint Bonaventure wrote in support of this attitude
(see Figure 6.3). In a treatise titled Retracing the Arts to Theology (De re-
ductione artium ad theologiam), Bonaventure upheld the superiority of
theology as the “queen of the sciences” {on theology as a science, see
below), a judgment based on the firm conviction that all knowledge
is derived by divine illumination from sacred scripture. Theologians
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yuentiire Saw no conflict between faith and reason, provided
rstood that the former guides the latter.

mﬁ;f, masters in the faculties of arts viewed themselves as
(sfudians of philesophy and therefore of reasoned analysis. For
.ural philosophy was the key to understanding the physical
They certainly did not regard it as a handmaiden to theology,
subject to be studied for its own sake, because it was the only
understand the workings of the physical world. Although they
. often enough with Aristotle’s ideas and interpretations, arts
had the highest regard for Aristotle’s works and his use of
ed argument. They successfully made natural philosophy au-
Jous from theology, a process that will be described later. In the
however, tensions remained high.

R

The Condemnation of 1277

The Errors of the Philosophers compiled by Giles of Rome was but a
«iim of the theological and intellectual turmoil that gripped Paris in
the 12605 and early 1270s. As a theologian and member of the Au-
\pustinian Order, Giles was greatly disturbed by the large body of lit-
gratitre that espoused ideas judged contrary to the Christian faith. He
not alone. On January 18, 1277, Pope John XXI notified Stephen
Tempier that he had heard reports of heretical opinions in the Paris
arga. He asked to be informed of the situation. It has been conjectured,
‘on plausible grounds, that Bishop Tempier was already investigating
Heretical opinions at the University of Paris by the time he received
fhe papal letter. On March 7, 1277, Bishop Tempier, acting on the ad-
vice of his theological consultants, issued a sweeping condemnation
of 219 propositions. To uphold or defend any one of these proposi-
lions, or articles, was to do so at pain of excommunication. (In Eng-
land, on March 18 of the same year, Robert Kilwardby, archbishop of
Canterbury, condemned 30 similar propositions that applied to Ox-
ford University.)

Certain of the Paris articles reveal the deep antagonism that had
been engendered between arts masters and theologians, as is appar-
d ent from the following six articles:

Figure 6.3. B

the Vatican, 37. That nothing should be believed unless it is self-evident or could be as-

serted from things that are self-evident.
40. There is no higher life than philosophical life.

Sain i
t Bonaventure. From a fresco painted by Fra Angelico around 1450 and now i
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152. That theological discussions are based on fables,
153. That nothing is known better because of knowin
154. That the only wise men of the world are philos

175. Christian Revelation is an obstacle to |
1974, 48-50)

g lhmlngy.
ophers,
earning. (Gilsgq 1933_'5’.;--" !

By including these articles, the theologians seem tq have pysat
measure of revenge for alleged slights against them ang their gi
pline. The 219 articles, however, were apparently drawn yp &
and with little regard for any proper order. Although the articles
distinct, many repeated the same error in different guises—acpmag
with respect to the eternity of the world, of which there 5&111'? to B
approximately twenty-seven different articles. Almost anything. b
occurred to the members of the selection committee seems tp w
been judged worthy of inclusion. Indeed, some, if not many, of fhe
condemned articles were probably not even drawn from Written fayt
but may have been derived from conversations involving teachass oy
students in a classroom or dormitory, or simply from hearsay.
Many, if not most, of the condemned articles were in some way drawny
from Aristotle’s natural philosophy. Two of the most important themps,
relevant to that natural philosophy involved articles about the Eft!n'qtj-
of the world, and limitations on God’s absolute power to do anything
he pleases, short of a logical contradiction. Because, as menitioned ear-
lier, approximately twenty-seven articles concern the eternity of the
world, only some of the more striking ones will be mentioned here:

9. That there was no first man, nor will there be a last; on the contrary,
there always was and always will be generation of man from man.

87. That the world is eternal as to all the species contained in it; and that
time is eternal, as are motion, matter, agent, and recipient; and becatss
the world is [derived] from the infinite power of God, it is impissible
that there be novelty in an effect without novelty in the cause.

91. That the argument of the Philosopher [i.e., Aristotle] demonstrating that
the motion of the sky is eternal is not sophistical; and it is amazing that
profound men do not see this.

93. That celestial bodies have eternity of substance but not eternity of mi:
tion.
101. That an infinite [number] of celestial revolutions have preceded which

it was not impossible for the first cause [that is, God] to comprehend,
but {which are impossible of comprehension] by a created intellect.

i iti 83
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is are eternal. However, they have been made [or created]

 That elemEen ; ip which they now have.
o S : re]atlonsh]p W . .
Ir YELVEY ﬂTe ents have been el e previOUS generation from chaos;
= That the eler 974, 48-50)

" pot they axe eternal. (Grant 1
|3

d articles concerned with limitations on God’s Rower ::nclg
B aces short of a logical contradiction are of great impor ce
e 1 between science and religion in the Mlddl.e Ages
e r significance than those about the eter.nlty of the
W Sfiger:ﬂfievait to this theme included the following:

opoE

! t the first cause [that is, God] could not make several worlds. )
. t
. 1.: without a proper agent, as a father and a man, a man could not be
35, That wi
b » by God [alone]. ' N
ImdLG:d could not have made prime matter without the mediation of
o TT_LH'- |
) celestial body. | -
un: t God cannot be the cause of a new act [or thing], nor can He pro
48 Tha :
duce something anew. | ) H
That God could not move the heavens [or world] '..wth a rectilinear mo
> tion: and the reason is that a vacuum would remain. - .
3. That God cannot produce the effect of a secondary cause without the
' itself.
secondary cause itse o | -
{41, That God cannot make an accident exist without a subject nor make sev
1 eral dimensions exist simultaneously.

h
1147, That the absolutely impossible cannot be done by God or another

agent—An error, if impossible is understood aCC().rding to I;ature. (Grant
1§74, 48-50; Article 63 is from Lerner and Mahdi 1963, 343)

There were, of course many other .condemned pri)po.sﬂ;onrs(; bslc;r;(;
of which were concerned with physical and cosmlc; oglti:‘: kp; i
involving orbs, planets, and elements. Ther'e were also : et
the tendency in the arts faculty to rely heavily on reaso

argumentation. Thus, Article 90 condemned the idea that there could

be two truths, one in natural p}dlosz;phljlfflthz ;;};rowigllzltnt ;hz efz;hﬁ.‘;f
ed the idea “that a natural philos ]
S:I?;;I;cthe newness [that is, the creation] of the x;o?lqﬂtiii?uﬁz‘l:rz :;1; ’
ends on natural causes and natural reasons. The fai , ever
: deny the eternity of the world because they dep.end on superna
321 cauies” (Grant 1974, 48). Scholars h?ve y(?t fo cl1s}f0\(;eru ?)ngilet 12
the Middle Ages who subscribed to the “doctrine of the do
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(Grant 1996, 76-78), even though Bishop Tempier, in a Messgen ol

ducing the 219 propositions speaks as if it were a COMMOn prac
Indeed, one gets the impression that Tempier’s rationale fgy faa
the condemnation was instigated by the rampant use of the duope.
of the double truth, as seems apparent from the lette

those who “say that things are true according to PhﬂOSOphy hu; [
according to the Catholic faith; as if there could be two ¢ i
in the statements of the damned gentiles of whom it wag Written o
will destroy the wisdom of the wise’ [1 Cor. 1:19] because truge ms.
dom destroys false wisdom” (Grant 1974, 47). B

The bishop and his theological advisors were upset by the boldness

with which natural philosophers were using reason to analyze all spris
of questions. The natural philosophers seemed to have set no limits 4
their spirit of inquiry, as they sought to subject all knowledge and
ideas to philosophical and scientific analysis, an attitude the bighgp
of Paris condemned in the following article:

145. That no question is disputable by reason which a philosopher aught ot
to dispute and determine, since arguments are taken from [or based qn|
things. Moreover, philosophy has to consider all things according to jts
diverse parts.

IS THEOLOGY A SCIENCE?

Although I shall later explain how certain condemned articles im:
pacted natural philosophy in the fourteenth century, it is important
now fo consider further the relations between theology and natural
philosophy. Even as the tensions between the arts masters and the the-
ologians played a significant role in the thirteenth century, another as-
pect of their relationship centered around Peter Lombard’s Sentences;
the great twelfth-century theological textbook that was second only to
the Bible in popularity (see chapter 5 for more on the Sentences). In the
prologue to his book, Peter Lombard discussed the epistemic nature
of theology, but it remained for Alexander of Hales, who was the first
commentator on the Sentences, to consider whether theology is a sci-
ence. Thereafter, all commentators on the Sentences felt an obligation
to consider the status of theology: was it, or wasn't it, a science? In
his Commentary on the Sentences, Thomas Aquinas laid the basis for an

e . . r he sent gy
with his condemnation. In this letter, Bishop Tempier dentuneet
[

Dnh'ary m““‘i .
and as if contrary to the truth of Sacred Scripture there could he 2
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1o theology that most theologians accepted c%uring the Mid-
(see Figure 6.4). He presented an argument in favor ?f the-

" a science that won widespread acceptanc'e. Thomas” most
2 asfurrﬂlﬂﬂtjﬂﬂ of these arguments occurs in his great Summa of
= (Saumng theologiae, or, as it is more commonly called, Summa
8y \ In the very first question of the treatise (Part I, question 1),
--ti.ﬂ];;:néid-:rs #“The Nature and Domain of Sacred Doctrine” in
ﬂiln.’.{:s (Thomas Aquinas 1948, 3-19}. In the sec;ond af’ticle, he asks
hather sacred doctrine [that is, theology] is a science?” Thomas ex-

&;}Emt sacred doctrine is a science, but, he continues,

: r in mind that there are two kinds of sciences. There are some
ﬁbmuﬁl I::fgz::]u:flrgr‘:lnprin.:iples known by the natural light of the intellect,
<ch :B ;jl::'itluﬁetic and geometry and the like. There are also some which' pro-
wed from principles known by the light of a higher science: thus the science
Jf ptics proceeds from principles established by geometry, a.nd music from
i lés established by arithmetic. So it is that sacred doctrine is a science
ESETU:; it proceeds from principles made known by the .light ofa h.igher sci-
| BfEs namel v the science of God and the blessed. I-I.er.lce, just as music accep ts

on authority the principles taught by the arithmetician, so sacred science ac-

apts the principles revealed by God. (Thomas Aquinas 1948, 5-6)

Thomas goes on to argue that theology, or sacred doctrine, is a single
science (Article 3), and that it is nobler and more transcendent.tl}an

all other speculative and practical sciences {Article 5). In explaining
his cJaim in the fifth article, Thomas declares that

_one speculative science is said to be nobler than afno.ther ei'ther b?’ reason of
ifs greater certitude, or by reason of the higher dignity of its. sub]e.ct-matte_r.
fn both these respects this science surpasses other gpecula.tlve sciences: in
pomt of greater certitude, because other sciences derive thel'r cert.1tudfe from
the natural light of human reason, which can err, whereas this den.ves 1t.s cer-
titude from the light of the divine knowledge, whi_ch c.annot err; in point of
the higher dignity of its subject-matter, because this science treats c%ueﬂy of
those things which by their sublimity transcend human re?son, while other
sciences consider only those things which are within reason’s grasp. (Thomas

Aquinas 1948, 9)

Because it derives its certitude directly from God, and becaque .it
Ireats things that transcend human reason, theology is superior in
every basic way to all other sciences. Thus did Saint Thomas make
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wy @ science that was more powerful and important than the
anoes, such as astronomy and optics, and the mathematical
of arithmetic and geometry. No secular science could surpass
hecause the latter derived its first principles from God and
&,;"ﬂpture There was no arguing with that claim. Theology was
supenor to natural philosophy and logic, sciences that were
ply used in theology.
’ ' the converse was not true: natural philosophy did not use the-
when it was treating natural phenomena. For one thing, by the
s of 1272, arts masters swore they would not deliberately involve
gy in their discussions. Indeed, although natural philosophy
girded by the theologians as less important than theology, and
viewed as a handmaiden to theology, that was no longer true for
al phsilosophers. When Thomas Aquinas made theology an in-
epdent science, distinct from all others, he inadvertently conferred
pmy on natural philosophy. Although theologians regarded the-
(ology as the “queen of the sciences,” arts masters could now view nat-
iral philosophy as a scientific discipline completely independent of
tHeology. As a superior science, theology would not be mixed with an
jﬁﬁ:ﬂm science such as natural philosophy. Thus, the emergence of
'_ slogy as an independent science in the second half of the thirteenth
had an inadvertent corollary: a guarantee that natural phi-
hmphy would also be regarded as an independent science. In the in-
fertelations between the two sciences, as we shall see, it was theology
that relied heavily on natural philosophy, whereas theology had no
sithstantive role in natural philosophy.
Albertus Magnus, a theologian and an outstanding natural philoso-
pher, as well as the teacher of Thomas Aquinas, provides early but
;-mgmﬁmnt evidence of this relationship (see Figure 6.5). Albertus’ Do-
minican brothers had requested that he write a book about nature that
wowld enable them to understand Aristotle’s books in a proper man-
tier. In the opening passage of his commentary on Aristotle’s Physics,
Albertus informs his fellow Dominicans that he will not speak about
ivine matters, because such matters “can in no way be known by
‘means of arguments derived from nature.” He goes on to explain that
“we take what must be termed ‘physics’ more as what accords with
the opinions of Peripatetics [i.e., Aristotelians] than as anything we
might wish to introduce from our own knowledge. .. for if, per-
.chance, we should have any opinion of our own, this would be prof-

Figure 6.4. Saint Thomas Aquinas. From a fifteen inti
th-centu — . q ]
which was based on an earlier copy. 1Y painting by Justus of Ghent; fered by us (God willing) in theological works rather than in those on
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Figure 6.5. Alberius Magnus (Atbert the Grea

located at the Monaste i i
oy st ry of San Niccold, Trevis

t). Frgscq by Tommaso da Modena (1352},
0. Alinari/Art Resource N.Y. (see Lindberg

L
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(e (Synan 1980, 10). In his Commentary on Aristotle’s On the Heav-
ertus reveals the same desire to keep natural philosophy and
; separate, when, in a discussion inquiring whether heaven is

orable and incorruptible, he explains:

inion was that of Plato who says that the heaven was derived from
. cause by creation from nothing, and this opinion is also the opinion
three laws, namely of the Jews, Christians, and Saracens. And thus they
that the heaven is generated, but not from something. But with regard to
ﬁﬁm{m,, it is not relevant for us to treat it here. {Grant 2001, 192)

AltHough Albertus was wrong to attribute to Plato a belief in a cre-
on from nothing, it is noteworthy that he refuses to include a dis-
—esjon of the doctrine of creation from nothing in a straightforward
weatise on matural philosophy. Creation from nothing was a divine,
!{1 ernatural act and therefore not a legitimate topic for a book on nat-
ral philosophy. Thus did Albertus Magnus separate the sciences of
-J physics, or natural philosophy, from theology. His pupil, Saint
Thomas Aquinas, would have undoubtedly agreed with the master’s
sentiments.

The thirteenth century laid a foundation for the interrelations be-
ween science and religion in the fourteenth and fifteenth centuries.
‘That century was the first in which Christianity came face to face, so
lo speak, with Aristotle’s extensive and powerful secutar natural phi-
lusophy. The relations between the two—in effect, the relations be-
tiween science and religion, or natural philosophy and theology—were
often acrimonious and bitter. Theology and the power of the church
were sufficient to curb and limit the ambitions of the arts masters, who
sought, as much as possible, to give free reign to their efforts to in-
terpret the physical cosmos in straightforward Aristotelian terms, un-
encumbered by theological restrictions and limitations. As the dust
settled in the fourteenth century, it became obvious that theologians
had an enormous degree of latitude to use natural philosophy and an-
alytical methods virtually as they pleased in their theological treatises,
ag is evident in their Commentaries on the Sentences of Peter Lombard. By
contrast, arts masters usually sought to avoid introducing theology
into their commentaries and questions on the books of Aristotle’s nat-
ural philosophy. Not only was it potentially dangerous for an arts
master untrained in theology to intermingle natural philosophy with
theology, but the Oath of 1272, which was in effect for much of the
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fourteenth century at the Universi

from involvement with theological
see how theologians intermingled

and how arts masters treated theolo

intruded into problems of natural

philosophy.

ty of Paris, forbag
0 ’ e
1ssues. In the next s

theology and natyra philg
gical issues when, these gg ;
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Chapter 7

—— T

The Interrelations between Natural
" philosophy and Theology in the
Fourteenth and Fifteenth
Centuries

The Oath of 1272 and the Condemnation of 1277 coalesced in a sig-
;m*:c.'mt episode that involved John Buridan, a famous arts master and
natural philosopher at the University of Paris. During the 1330s, Buri-
dan had occasion to compose Questions on the Eight Books of the Physics
of Aristotle. In Book 4, question 8, Buridan asks “whether it is possi-
bl that a vacuum exist by means of any power?” After presenting ar-
-Eizments denying the possibility of a vacuum, Buridan rejects this

|position by declaring:

‘The opposite [position] is argued because God could annihilate everything
under the lunar orb with the magnitude and figure of the lunar orb pre-
served. Then the concave orb of the moon, which is now a plenum in the
lower world, would be a vacuum, just as a pitcher would be a vacuum if God
anpihilated the wine in it while preserving the pitcher and where no other
‘hudy enters or is made in the pitcher. And thus some of my lords and mas-
teys in theology have reproached me on this, [saying] that sometimes in my
-physical questions I intermix some theological matters which do not pertain
lo the artists [that is, Masters of Arts]. But with [all] humility I respond that
I wery much wish not to be restricted [with respect] to this, namely that all
masters beginning in the arts swear that they will dispute no purely theo-
logical question, nor [dispute] on the incarnation; and they swear further that
if it should happen that they dispute or determine some question which
touches faith and philosophy, they will determine it in favor of the faith and
they will destroy the arguments (rationes) as it will be seen that they must be

destroyed.
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Now it is evident that if any question touches fait
or?e of them, namely whether ﬂ 1 possible that a vacﬂua;deg;ioi)ngn this 1*
wish .to dispute it, it is necessary that [ say about it what appearé t d 50, I
be said according to theology, or to perjure myself and avoid the ol Mot
on the opposite side insofar as this will seem possible for me. Byt Ia ljgumm:
resolve these arguments {on the opposite side] unless I prodL;ce th -
fort?, I am compelled to do these things. I say, therefore, that ”Va:m ' Tj:lm
be imagined in rwo ways. (Grant 1974, 50-51) e

The two ways in which Buridan imagines how a vacuum could ey;
are of great interest. The second way is the one mentioned ]: 5"
n.amely that God could make a vacuum within the lunar s h.1 i
virtue of his absolute power. That conception of a vacuum };oere 5
corr.espond to any particular article condemned in 1277 altj?ﬁ g
Buridan's description is consistent with the emphasis on’God'sut;JI
solute power to perform any act that is naturally impossible in Aa' g
totl.e’s natural philosophy. Indeed, it is compatible with article L:g
Whlfﬁh denied that God could move the entire world with a rectilinear
motion, because a vacuum would be left behind, thus implyin ”li:lr
the impossibility of a vacuum would prevent God from mow‘ng H::_E
wor.ld. The implication is clear: God could not only move the !fmr]d
n?ctllinearly, but by virtue of its motion, a vacuum could be Teft be-
hmd,‘exlren tho'ugh Aristotle had argued that the existence of a vaes
:;;:I,Illaii ;fnposmble. Int the first mode of conceiving a vacuum, Buridan

Firstly, as to the first mode of imagining a vacuum, I assume that God can
ma%ce an accident without a subject and is able to separate accidents from
their subjects and to conserve them separately. And thus He is able to create
an ab-solute dimension without there being any substance or accident distinct
from. it. Secondly, it seems to me that the penetration of dimensions is not im-
possible by God. Indeed, He is able to make several bodies exist simultane-
m.Jsly in the same subject, or in the same place, without their mutuall

differing from each other with respect to location, namely that one [bodﬂj]’
should be outside the other with respect to location [or place]. Therefore, GO);
can make an absolute dimension or Space separated from every naturalr sub-
stance in which [dimension or space] natural bodies can be received. And this
is called a vacuum according to the first way of speaking related previousl

(author’s translation from Buridan 1509, fol. 741, col. 1) y

This c.ieﬁnition has strong connections with Article 141 of the Con-
demnation of 1277, which declares: “That God cannot make an acci-
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ent exist without a subject, nor make several dimensions exist si-

- multanf?OUSly [in the same place]” (slightly altered from Grant 1974,

39), In this first explanation of a vacuum, which Buridan does not

om to take seriously and does not discuss further, he defines a vac-

wum as a dimension that can receive other dimensions that exactly co-

-i:hﬁiit? with its own dimensions, or are smaller. Although Buridan does

not Spaciﬁcally mention any articles from the Condemnation of 1277,
 must, at the very least, have had Article 141 in mind.

But why did Buridan feel he had to apologize to the theologians?
Thete is nothing in his question that violated either the Oath of 1272,
or the Condemnation of 1277. In the questions cited above, Buridan
concedes, however, “if any question touches faith and theology, this
js one of them, namely whether it is possible that a vacuum exist.” It
was a theological question only in the sense that the vacuum was re-
_garded as naturally impossible, but creatable by divine power. Ac-
knowledging that it was a question that “touches faith and theology,”
Buridan justified inclusion of it in his Questions on Aristotle’s Physics
by appeal to the Oath of 1272. If he included a question touching faith
and theology, the oath required that he resolve it in favor of the faith.
In order to do this, however, he had to include the theological argu-
ments, or perjure himself.

Sometime between 1506 and 1511, approximately 160 or 170 years
after Buridan wrote his treatise, Luis Coronel (fl. A.p. 1511) wrote a
commentary on Aristotle’s Physics and cited Buridan’s question about
the possibility of a vacuum. After accurately recounting Buridan’s dis-
cussion, Coronel declares: “These remarks of Buridan have astonished
me, first, that our masters blamed him, for from the declaration of this
term, vacuum, to conclude that it cannot be produced naturally, but
can happen supernaturally seems in no way blameworthy”
(Thorndike 1944, 87). No more than modern readers could Coronel
discover why theologians would have objected to Buridan’s discus-
sion about vacuum.

Whatever the merits of Buridan’s dispute with the theologians, he
presented a succinct description of the oath and what was expected
of arts masters in the fourteenth century. One can see the difficulties
they faced. The Oath of 1272 did not absolutely forbid them from dis-
cussing theology, but it placed the burden of uncertainty on any arts
masters who chose to enter the domain of theology. How far could
they go? Was iniroducing a theological question worth the anxiety
that might ensue? Could an arts master be confident that he had re-
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futed an argument against the fai i

| aith to the satisfaction : :
g¥ans? Woulfzi a theologian find fault with his argmnen(t)sf - bl
hl_m of .here.ncal ideas and notions? Luis Coronel captures an?i i
talr}ty in his discussion of Buridan’s question. In the &u&lls <
points, Coronel criticizes the Qath of 1272: R five

Thirdly, that cath does not seem reasonable when it compels

throw arguments, for there might be some loyal teacher ]fjor »:hman o over,
gument worked out contrary to the determination of the ch e ilr-
would he overthrow it? But to this it seems it should be saidu‘:lfh’ E'mﬂ oW
structor dc?es not know how to overthrow such an argument, h N ﬂw ing
formt_llate 1F in public to his students. But if he should do othe’rv:iso Ught riot "
remain perjured if he had taken the cath, and will sin although ~ o ouig
preceded. (Thorndike 1944, 87) 87 no aaty hiag

Then, drawing the seemingly inevitable infer ict
1t:ies, (fm;gnel concludes hisg t}}:ird point with ti?sc eafll;(r)::ngcliisﬁ tii[f EEUL
ore, let Parisian teach i ical 5
TR e Mt s:.sj'of artists who touch on theological probleme
By the end of the fifteenth century, the Oath of 1272 was appa
no longer required of arts masters, as Luis Coronel informspfs .
fourth point about Buridan's travails: “I, inadequate and 1.u'nir\;fdr’:li11 -
I 'am, do not recall that when I was promoted to the degree in r{ai
took, or knew of any of my fellows taking, such an oath, but, ala . Ll-fa
laudable custom of the university along with others he;d bécon? ]::
solete.” Thus, despite his criticism of the oath, Coronel seems to IeH:
an gath of some kind, as seems apparent from his closing remarks o
Buridan when he declares: “And whether there was an oath or 1’101? I;
:vmfld strive where occasion offered to proceed conformably to the i;'r
1;1;2:)38;f the person who ordered that oath be taken” (Thorndike
Else.where in his Questions on the Physics and in other commentaries
on AI‘IStOﬂF:"S works, Buridan was more self-effacing with respect to
the 'theologlans. In Book VIII, question 12 of Questions on the Physics,
Bu::ldan observes that “the Bible does not state that appropriate in:
telligences move the celestial bodies,” so that “God, when He created
the world, moved each of the celestial orbs as he pleased.” Buridan
suggests that instead of an external agent, such as intelligénces God
may haye chosen to impress a force, or impetus, into each celesﬁ.;ll orb
S0 that it could move by its own power. “And these impetuses which
He impressed in the celestial bodies,” Buridan explains, “were not de-
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od or corrupted afterwards, because there was no inclination of
. celustial bodies for other movements. Nor was there resistance
¥ would be corruptive or repressive of that impetus.” Realizing

* | he was perhaps presumptuously suggesting the way God might
aye behaved when He created the world, Buridan then declares: “But
. | do not say assertively, but [rather tentatively] so that I might
:ﬁ,k {roin the theological masters what they might teach me in these
- atters as to how these things take place” (Clagett 1959, 536; Grant
'19?4' 277-278). In his Questions on Aristotle’s On the Heavens, Buridan
e in a similar manner. In Book 1, question 20, he declares:
Jerhirdly, I say that there is no body beyond the heaven or world,
pamely beyond the outermost heaven; and Aristotle assumes this as
ghvious. But you ought to have recourse to the theologians [in order
it learn| what must be said about this according to the truth of faith
a constancy” (Grant 1974, 51, n. 4).

‘Buridan’s uneasiness and sense of uncertainty with the theologians
\was not a Jasting phenomenon. Few were as diligent as Buridan, who
chose to introduce theological considerations where he thought it nec-
pssary to respond properly to a question. Later in the century other
/major arts masters, such as Albert of Saxony, Marsilius of Inghen, and
others took up similar questions, as well as questions that Buridan
would probably not have considered. A description of some of these
(questions will enable readers to gain some insight into the kinds of
hypothetical, counterfactual discussions that became commonplace in
treatises on natural philosophy and theology during the latter part of
the fourteenth century. Most of the questions involve reactions to ar-

ticles condemned in 1277.

THE INFLUENCE OF THE CONDEMNATION OF 1277 ON
NATURAL PHILOSOPHY

Numerous and almost unavoidable discussions on the possible ex-
istence of a vacuum, or void space, formed an important aspect of me-
dieval natural philosophy. These discussions derived from Aristotle’s
rejection of the possibility of a vacuum in the fourth book of his
Physics. Because the vacuum was a major topic of discussion for Aris-
totle, there would have been discussions about this phenomenon with
or without a theological Condemnation in 1277. Not only would
scholastic natural philosophers have discussed the possible existence
of a vacuum, but on the hypothetical assumption that a vacuum did
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exist, they would have followed Ari ]

whether successive, finite motions r::i)tl?ltiie 2Ci;gru$ent e QUi
space. Medieval natural philosophers frequently usedathmmﬂﬁ' “-'l'np*
ture abhors a vacuum” to show their basic agreement ?thﬁﬂfﬁz
But they departed from Aristotle’s framework beca With Al'isfﬁ_. .
demni.ahqn of 1277. Where Aristotie emphatically dec;lse g Cone
uum is impossible in nature, medijeval natural hired g
theologians, after the Condemnation of 1277, were fblliJ -
that God could, if he wished, create a vacuun; within o ga‘tec-l' : R
M.rorld. This becomes obvious in the context of Buridell- ijbl'de of the
cited above, in which Buridan argued that if God WisEedelﬂquﬁim-

Create a vacuum within the concavity of the lunar region de;;‘:;;hl&
+ r'ts._

£ Vg
efs ang
maﬁ =i

totle’s denial of the possibility of a vacuum existing anywhere, | o
« ATL 5,

Q;estions on the Physics (Book 4, question 11), Albert of Saxq _
sidered whether a body could move in a vacuum that God Ily oy
pernaturally created (see Grant 1974, 333, for a translation) e

The Supernatural Possibility of Other Worlds

The most striking im i
! ' pact of the Condemnation of 1277 i1
6phclilosophy involved Articles 34 and 49. Article 34, as cited ;ncﬁumj
“:O;Ieé:la’l’re(cclé Thaltgthe first cause [that is, God] could not make sav]zg
s rant 1974, 48; brackets added). Arist .
¢ , 46; . otle had argued
pothmiwha]tsoever could exist beyond our world explicitlygl'l::fs::llH'gnﬂl
Ing matter, place, vacuum, and time. It follows th ’ ot
e . ime. S that no world could exist
. by which Aristotle meant that no world I
could exist beyond ours. The exi el
. . stence of other worlds is i i
Aristotle argued, because all the in exi i i
ed, matter in existence is contained withi
our world, with none available to form additiona worlds. Arislnﬂe"::
Z:guments were a.lready criticized in the ancient world. Some aréued
b :;;I;:;t'tero cow;ld gdeed exist beyond the world. In his Commentary on
5 Un Ihe Heavens, the sixth-century G i
is S, y Greek commentator Sim-
pﬁaus rclelcounted a reaction to Aristotle’s arguments by Stoic phﬂozmo-
phers who repeated an even earlier counter.

/ : : v -example that served t
untdegmme Aristotle’s position. If someone at the extremity of the Worlg
f::, enl ed an arm beyond that extremity, what would happen? One of

oa tirnatlves, they concluded: Either the arm meets an obstacle and
]iimo; ei-l extended further;_ or, it meets no obstacle and can be extended
ef;: the lworl.d. In the first possibility, the Stoics imagined that the
person would climb to the extremity of the obstacle and again extend

g
I:;ﬂ accasionally cited. But this argument in itself might have had only
i ht effect and posed little threat to Aristotle’s basic interpretation

& 1 the world is a finite, spherical cosmos with nothing whatsoever

:'i)!i}lg_b_e}vnnd it.
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g The arm would either meet another material obstacle, or it
Lid not. This can be repeated indefinitely, but in a finite world, the
W will eventually reach the end of material obstacles and en-
Hter void space. Because Simplicius’ treatise was translated into

the thirteenth century, the argument was known in the West

With the appearance of Article 34, all this changed. After 1277, it be-
came mandlatory for students and teachers at the University of Paris
{0 concede that by virtue of his absolute power, God could create as
many worlds as he pleased beyond ours (see Figure 7.1). Although
there is no evidence of anyone who believed that God had in fact cre-
ated other worlds in addition to ours, the possibility that he could was
ﬁglﬁﬁmn’r because it meant that contrary to Aristotle’s claims, the ex-
istence of other worlds was not impossible, but, by virtue of God's ab-
éplute power, quite possible. The possibilities were intriguing and

ompted natural philosophers to raise two basic questions: (1)
whether any thing (space, void, place, time, or matter) could exist be-

ond the boundaries of our world; and (2) whether other worlds exist
ar could exist (for a list of discussants, see Grant 1994, 689-692). On
the assumption that God could create as many worlds as he pleased,

sestions were raised about the manner in which he might do this:
Would he make concentric or eccentric worlds—that is, worlds within
worlds? Would he make one world after another in an unending suc-
vession of worlds? Or would he make a multiplicity of worlds simul-
taneously? Most of the discussions about a plurality of worlds focused
on simultaneously created worlds, all of which were assumed to op-
erate by the same laws as our own.

The surprising result was that most scholastic natural philosophers
concluded that each world was a self-contained system with its own
center and circumference. The same physical laws were assumed valid
in each world. The behavior of elements and bodies in one world
would not, and could not, affect the elements and bodies of another
world. No element from one world would have any inclination to join
its elemental counterparts in another world. Thus did medieval nat-
ural philosophers abandon Aristotle’s basic idea that only one center
and circumference could exist. They assumed that a multiplicity of
equal centers and circumferences could exist simultaneously, one pair
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world. Thus, the elements of each world moved towards or
from their own center and circumference without any inclina-
; + to move toward the center or circumference of any other world.
+ite a strong sense that, contrary to Aristotle, the existence of a
ity of worlds was an intelligible concept, and that God could
as many other worlds as he pleased, no one believed that God
. actually done so, or would ever do so. 1t was, nevertheless, a mo-
wentous departure from Aristotle’s concept of the world. What Aris-
‘o liad regarded as naturally impossible was viewed in the Middle
as supernaturally possible. The existence of other worlds was
an absurdity, as Aristotle had argued, but an intelligible possibil-

galbﬁl only by divine command.

¥

: ,,.g

ey
e
1" :
i
o
=
Py
=
%
it
;2
b

The Existence of Void Space beyond the World

‘The possible existence of other worlds was also assumed to involve
theinevitable existence of empty spaces between adjoining worlds. At
pest, spherical worlds could meet and touch at only one point. Be-
fween any other points on their spherical surfaces there would either
‘e more matter or void space. The idea that matter might lie between
" them was quickly dismissed, because the matter would belong to no
|particular world and therefore have no rationale for its existence.
There was, however, general agreement that if other worlds were cre-
ated, void spaces would exist between them.

' While all arts masters and theologians were agreed that God could
‘create vacuums beyond the world if he wished, medieval discussions
about the existence of void space largely ignored questions about
whether God could create a finite or infinite space beyond the world.
Instead, they linked questions about God’s location with his om-
nipresence, which was always assumed to be in an infinite void space.
Because of God's infinite omnipresence, questions about extra-cosmic
void space—almost always infinite extracosmic void space—fell to the
theologians, who were the only ones thought qualified to discourse
on such a subject. Arts masters did not dare offer opinions on God’s
location and the manner in which he is present in the world.

- Along with whether God could create other worlds, Article 49 of

) ‘ the Condemnation of 1277 also generated hypothetical arguments that
Figure 7.1.  God holding the world he created; from a French Bible moralisée of produced important ideas about how things might differ from Aris-
around 1250. (MS Bodley 270b, fol. 1r in Bodleian Library, Oxford, England.) totle’s view of the world. As cited earlier, Article 49 declared: “God
could not move the heavens [or world] with a rectilinear motion; and
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the reason is that a vacuum wouid remain” (Grant 1974 45
TR s

altered). One had to concede that God could indeed move thjlw
'.-i,vutiy

with a rectilinear motion, whether o not a v.
If God moved the world with a rectilinear moiizl;mtrtl\rtasf @
Aristotelian principles would be violated: (1) th:a m:,;.i 2
world would leave behind a void place, which is im :
tc.)t.Ie’s world; (2) a rectilinear motion of the world Wc];.:lsc;
sifiable as any of the three natural motions that A %mF e
distinguished, namely rectilinear up or down motions ﬁSéUﬂb S
motion; and (3) it would violate Aristotle’s assumption ;h:Itl ) e
alwe?ys from one material place to another material Pmm__&::'{tmn ::
motion can occur only in a material plenum. But Aristofle had -“'5‘ i
that no matter exists beyond the world and hence no places, a r; o
fore., no motions are possible. Consequently, if God moved’ ttr:@ .
rectilinearly, its motion would be independent of places, 3
(2

“d“mﬁﬂhi
et Mﬂh
ihle in Arfs

E(}rﬁq..

quence that Aristotle would have regarded as absurd, b o
_ . , but cer|
dieval natural philosophers regarded as plausible. In tl'leLf:u;[E't:l;.

centur}‘f, Nicole Oresme, for example, regarded a rectilinear motion gf
the entire world as an absolute motion independent of places Anahe

solute motion could not be related to any other body because, far the

purposes of the argument, no other bodies existed outside of
world. Despite Aristotle’s opinions, Oresme regarded such an Imll:l»:.
solute rectilinear motion as plausible and intelligible. Indeed, in ?ug
famous controversy with Gottfried Leibniz (a.p, 1646-1716) éﬂl‘l‘lurﬂ
Clarke (A.p. 1675-1729), Isaac Newton's spokesperson, also ;1. rded
such a rectilinear motion as an intelligible concept. ’ =
Tlr'te numerous discussions about God and extra-cosmic space are
not just relevant to the relationship of science and religion, but are
vital to straightforward history of science, because mechex;zﬂ ATg -
ments on infinite void space influenced some of the great scientific
thinkers of the seventeenth century, including the greatest, Sir Isaat
Newton. The theme of an infinite void Space beyond our world be-
tame one area of discussion where quite a few scholastic natural
Phllosophers abandoned the hypothetical and argued for the real ex-
1stfance of.inﬁnite space, thus abandoning a crucial aspect of Aristo-
tle_s cosmic picture and accepting as real what Aristotle had regarded
as impassible. As mentioned earlier, those who argued in this manner
were all theologians whose interest in the problem of infinite sp_ace
seems to have been aroused independently of the Condemnation of

world
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although theologians were surely aware of discussions about
" emaces that arose from the Condemnation.
one of the greatest of these theologians was Thomas Bradwardine
4D 1290-1349), who died while serving as archbishop of Canter-
- Bradwardine made momentous contributions to the develop-
-at-and acceptance of the concept of an infinite void space. In a
heological treatise titled In Defense of God Against the Pelagians, Brad-
;.}ardifﬂ used a mathematical format to organize his theological com-
\ments to present a series of steps that led him to conclude that God
(ould have created the world in any void place he pleased. Moreover,
hecause God could create an infinite number of void places and cre-
ill.fé the world in any one of them, Bradwardine concluded that God
st be in every one of those voids, for otherwise he would have had
h-. move to the place in which he chose to create the world. This was
ynacceptable because it was universally assumed that God is im-
mutable and that motion is a sign of change and mutability. Thus, if
God had to move from one place to another in order to create the
world in one of an infinite number of possible places, this would
imply that God is subject to change. Because this was unacceptable,
| Bradwardine assumed that God occupied all the possible infinite void
slaces, which taken collectively form an infinite imaginary void space
“in which God is omnipresent.
How did Bradwardine relate an eternally existent infinite void
space and the God who occupied it? To avoid serious difficulties,
Bradwardine made God and the infinite void space he occupied one
ind inseparable by assuming that God is omnipresent in the infinite
void space. Did his omnipresence in an infinite void space make God
-a three-dimensional being? It did not because, according to Bradwar-
dine, God “is infinitely extended without extension and dimension.”
By denying extension to God, Bradwardine also denied extension to
the infinite void space that was God's immensity. God was thus infi-
ritely omnipresent in a dimensionless infinite void space. This was a
widely accepted interpretation in the late Middle Ages. Bradwardine’s
infinite void space was unlike any other earlier description of a vac-
uum, as is apparent from his declaration that a “void can exist with-
out body, but in no manner can it exist without God” (Grant 1974, 557;
see also Grant 1996, 122-124).
Bradwardine believed that God had to be in a place to act on what
was in that place. In order to act on every possible place, it was there-
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fore necessary to assume that God is ev

(c. A.D. 1266-1308) and his foliowers diz}grngm—h{c’h“ Duns &,
Qod could act at a distance and need not be in t1'1e faY s
influence or affect. Therefore, it was not necessarpt e s
God must be omnipresent in an infinite void space, %u?é:::i{irﬁ !

concept was the more influential. Nevertheless, it had giiace :
’ nE l'ﬁ‘

flaw: How could God occupy every place of an infinite void and y,
A

lack dimensions? Was God perhaps a three-dimensiona) beinp? i

answer that gained acceptance in the Middl
e Ages ha )
formulated around 1235 by Richard Fishacre (c. zg\.n. 12%5'.‘;‘;3:} : lﬁi
T

theological commentary on the Sentences of Peter Lombard. i
argued that God remains infinitely omnipresent without IJEi.n ishacr
& quan.

t.ltativgly, or dimensionally, extended, because the whole of G : i
ilre]y In every part of space, a concept that became kng 5 S

whole-l_n—every-part” doctrine. Thus, God is infinitely mwl.x} 35 the
aru-:I yet indivisible, because he is wholly in the least [Jossitlf:;ﬂim-gﬁmt
vision of space. Many theologians accepted the idea that Gode subd[..
finitely omnipresent in an infinite void that lay beyond our WWH.E o
was an idea that would have an impact on seventeenth-centurmiif'n
about space and God, although the space envisioned b so. y EE&
scholastic natural philosophers of the seventeenth cmtur}?—esmpx:[?

Sir Isaac Newton—was three-dj i i
o ree-dimensional, as indeed was God hiimn-

THE IMPACT OF RELIGION ON NATURAL PHILOSOPHY
IN THE MIDDLE AGES

Up to tl'Eis point, we have seen one aspect of the relations hetweén
_natural philosophy and theology in the late Middle Ages, namely thg
impact 'of the Condemnation of 1277, especially Articles 34’ and 49YTI"|E
discussions deriving from Articles 34 and 49 were not religious mmnu
ten.t, but they were the result of a tense relationship between natural
p_h1losophy and theology. Arts masters who became involved in ques-
h(?ns about God’s absolute powers conceded that God could doEE':er-
thing Whatsoever, short of a logical contradiction, but the dis¢ussions
were in no way of a religious character. Indeed, even the diﬁfus:iinn‘i
about C?od’s omnipresence in an infinite void, which were co;lﬁnéd I-..:I
theologians, were not religious or doctrinal in any way. No one had to
accept Bradwardine’s interpretation of God’s dimensionless infinite
omnipresence. It was not a doctrinal issue or an article of faith, although
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D e significant disagreements and counter-interpretations, as
B were ON. 50 many problems in natural philosophy.

e muist now go beyond the Condemnation of 1277 and inquire
_;_.: the overall influence and impact of theology and religion on
afises in natural philosophy, whether composed by arts masters or
ogians. At least one scholar, Andrew Cunningham, has claimed
ot patural philosophy from the Middle Ages to the seventeenth cen-
: -._. Mywas not just ‘about God’ and His creation at those moments
hen natural philosophers were explicitly talking or writing about

1 i their natural philosophical works or activities. [t was, by con-
ast, ‘abott God’ and His creation the whole time” (Cunningham
1991, 485), Elsewhere he declares: “Over and above any other defin-
g feature which marks natural philosophy off from modern sci-
once _natural philosophy was about God and about God's universe.
\[ndecd, this was the central pillar of its identity as a discipline; both
with respect to its subject-matter and to its goals, its purposes, and the
Jfunctions it served. This is what, more than anything else, distin-
Lgui it from our modern science” (Cunningham 1991, 381). How-
‘ever well this may serve as a description of natural philosophy in the
eventeenth century, it is false with respect to the Middle Ages.

In the course of teaching and studying Aristotle’s natural books in
e arts faculties of medieval universities for more than three cen-
luries; a vast body of commentary literature was produced (this sec-
tion draws heavily on Grant 1999, 243-267). The authors of those
‘reatises, whether arts masters or theologians, firmly believed that
God, who was frequently referred to as the First Cause (prima causa),
had created the world from nothing and was also the ultimate cause
of all events or effects. As Christians, of course, they also held many
other religious beliefs. Did all these religious beliefs affect the way me-
dieval scholars wrote natural philosophy? Did it mean that their ob-
jsctive in doing natural philosophy was essentially theological or
teligious, as Cunningham would have it? The response to these two
questions is firmly in the negative.

To begin with, as we saw earlier, natural philosophy was a subject
that belonged to the faculty of arts and was wholly independent of
the faculty of theology. Given the Oath of 1272 at the University of
Paris and the Condemnation of 1277, arts masters had little incentive
to write about theology, unless it became unavoidable in some par-
ticular question. An examination of 310 questions on five of Aristo-

tle's treatises (Physics by Albert of Saxony, 107 questions; On
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Generation and Corruption by Albert of Saxony,
Heavens by John Buridan, 59 questions; On the Sop
44 questions; and on Meteurology by Themon T
strongly supports this claim. In the 310 questions that ap
five treatises that formed the core of Aristotle’s naturg] ph
becomes readily apparent that late medieval natural philosg
basically about Aristotle’s principles, opinions, ideag and,
and therefore about natural phenomena, not God, faith
pernatural. Of the 310 questions, 217 are free of any i

35 {!UE‘Eﬁ;ﬂns; |
ul by Nicola Oteg

PhY tyg
Concepy
» and the g
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theology or faith; 93 (or approximately 29 percent) mention God ani
the faith. Inspection of these 217 questions would not revea] Whiethes

the author was Christian, Muslim, Jewish, agnostic, or atheist, OF the
93, with at least a trace of theological sentiment, 53 mention G, o
something about the faith, in a perfunctory manner. Of the
40 questions, only 10 have relatively detailed discussions
or the faith.

When natural philosophers had occasion to invoke God in thejr
treatises, or to mention some aspect of the faith, they usually diy 5
in one of four categories. In the first, the natural philosophers might
mention God in places where Aristotle mentioned God, the gods; op
something about divinity, or where late Greek commentators reportagd
opinions of Greek and Roman Pagan philosophers on some issue that
bears on Christian doctrine or faith. Such passages were relatively
tare. Included in the second category are Aristotle’s ideas that wera
contrary to the Christian faith, as when he argued that the world hag
no beginning and would have no end, or that accidents must inhere
in a substance and cannot exist independently of substance, an idea
that would have made the Eucharist, or Mass, impossible, becanse it
required that the accidents of the bread and wine continue to exisi
even after the bread and wine had been miraculously transformed info
the body and biood of Christ.

The third and fourth categories occurred much more frequently
than the first two and are more significant. In the third category, God
and articles of faith are used in an analogical sense, or by way of ex-
ample, to serve as a means of comparison with natural phenomena,
or simply to illustrate something about the natural world. For exam-
ple, in his questions in On the Soul, Nicole Oresme asserts: “Some
power makes this or that operation anew without changing itself, just
as is obvious with God who continuously produces new effects with-
out any change in Himself.” Similarly, Themon Judaeus uses God in

Emainin
aboit God

i

&

udaeus, g5 ‘f”“ﬁ“h] ]
Peat fn gy,
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Ve hen he asserts that “a pure element is un-
o 'Fﬂag‘}:erls?;;?;gut not simple absolutely, as is God, or an in-
g 60).
K figenc® I(G:;f:itnlggigs’ezof )God in medieval natural philosophy }.1as
- ;nuﬁtf discussed, namely his absolute power to do anythmlg
L sl beu*lﬂ jcal contradiction. As we saw, the im.rocation of God’s
porc of 2 r in natural philosophy in the late thirteenth and four-
Eole POW; was a consequence of the Condemnation of 1277. Ear-
e cmct-:lbred the impact of Articles 34 and 49. In addition to those
i ;! de& there were numerous mentions of God’s absolute power
i .ami'jﬁ;: that naturally impossible act, as when John Buridan dis-
0 do H“tﬁgoimmobile empyrean heaven, regarded as the abodg of the
i and the outermost celestial sphere in the cosmos, which, ac-
.h]ﬁ' to most theologians, enclosed the world. Buridan declared of
.cmdfngnubile heaven that “according to nature [it] does not have any
:ﬂ?IE-Hm- or inclination for motion, although it could be n}oved super-
' tu?:fl:,r by God Himself, just as all things, excep.t God Himself, c0ul'ci
- ihilated by God” (my translation from Buridan 1942, 152). Buri
I::;Eﬂ}:r:':ls&‘.ezrtion had nothing to do with the Condemnat_ion oli 1277 bl,’lt
;rrrllerel}r representative of the numerous contexts within whlch God's
absplute power was invoked. It was not unusual for me;hegralhflaa’fg:
ral philosophers to distinguish between what God could do by ‘:shen
solute power and what could be done by natural PO Nhe
opting for the latter, they frequently u.sed the expres_ston speaking
naturally” (using some form of the Latin !ogu: naturalite r'). e
There are mentions of God in commentaries and questions 01; pris
totle’s works that do not fall into any of the four categor{es1 a\;e
identified. These are of minor importance: they are often htt'e mo
i “God” or they assert something that
than mere mentions of the name “Go y 2ihing £z
(God can or cannot do. These instances, and the four categorles already
i i t on natural philosophy. The
mentioned, reveal a very modest impact o ‘ £t
overwhelming number of questions mclgded pothmg aboutbrle g "
or theology. They were straightforward discussions about problems
h i hv. .
na;‘:rhf)llfrlgﬂi(r)f?lfe }I:/Iiddle Ages, whether arts masters or theo]og1?rr}115,
had no desire to Christianize Aristotelian natural phllOSOPhy. dtf
views of Albertus Magnus and his student, Thomas Aqume:ls{ i{
scribed in chapter 6, apply equally to scholars in the fogrtet;n . im :
fifteenth centuries. Like Albertus, they all sought to'avmd t ?\1 in rue
sion of theology and religious matters into natural philosophy. No on
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exemplified this approach better than John Buridan, whe
explain nature’s operations in terms of natural causes and effpc -
not to explicate God’s supernatural actions and miracles. Burig . :
no problems with his faith. He accepted the truths of revelatio e
solute. But when doing natural philosophy, he simply .155”1;:;;5 nb,
his task was to explicate problems about natural phenomens i dﬁh_j_l
to deal with the supernatural. In Questions on On the Heavens |[|;:, )
question 25), Buridan asks whether every generable thing wif] o
ally be generated, then responds that this question can be tma)ted"m_hf
urally—"as if the opinion of Aristotle were true concernin ,I:nf
eternity of the world, and that something cannot be made from ;-mth}f
ing” (Grant 2001, 198)—or supernaturally, with the explanation, tha
God could prevent a generable thing from generating naturally bt
simply annihilating it. “But now,” Buridan declares, “with r“urisiuﬂ:
we speak in a natural mode, with miracles excluded” (Grant 2{11]1'
198). If he had to concede that God could use his absolute, un re-
dictable power to produce any natural impossibilities he wishéd‘, Bi;-;;
dan could still save Aristotle and natural philosophy by characteriz
Aristotle’s arguments as sufficient in the real, natural world, the ::mu
h;e gnd his fellow natural philosophers sought to understand and ex-
plain.

THE ROLE OF NATURAL PHILOSOPHY IN THEOLOGY

If theology and faith exerted only a small, superficial influence in
natural philosophy and played no significant role in shaping that dis-
cipline, what role did natural philosophy play in the development of
theology as it was studied and written about in schools of theology,
most importantly in the school of theology at the University of Paris?

In chapter 5, I briefly described the genre of theological literature
known as Commentaries on the Sentences of Peter Lombard. Each student
in the school of theology was expected to comment on the books of
Peter Lombard. Although Peter’s books were not in the form of ques-
tions, the commentaries on his work were indeed subdivided into
questions, following the same format as questions treatises on Aristo-
tle’s natural books. The commentaries were originally given as lec-
tures and then frequently “published,” in the sense that written
versions were produced by each author, and copies were eventually
made and disseminated, many of which have been preserved, and
many of which have perished but are known to have once existed. The

Sl’.‘iught by
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Lenites and their written counterparts were often divided into dis-
o oons, articles, and questions. The questions are easy to detect be-
cause, like most of their counterparts in natural philosophy, they begin
with the word “whether” (utrum). Over the course of a four-book
_wmentary, 2 great number of questions were posed. For example,
in i thirteenth century, Richard of Middleton presented 1,862 dis-
fnct questions and Thomas Aquinas, approximately 1,700. Other au-
shors considered fewer questions, in the neighborhood of 500 to 600.
Jtis hardly surprising, therefore, that the average Commentary on the

Seplences was quite lengthy.

It the course of the fourteenth century, the most striking feature of
the Sentence commentaries is that their authors reveal less and less
conceth for religion and more and more of an obsession with natural
p‘hi]osophy and logic. They were captivated by a largely analytical ap-
oroach to theological problems. Indeed many theological questions
became little more than vehicles for the practice of natural philosophy,
or for coping with problems in logic. Theology became an analytic dis-
cipline. Church authorities tried to stem the tide, but their efforts were
5 dismal failure. Popes Gregory IX (a.p. 1227-1241) and Clement VI
(AD. 1342-1352) criticized theologians for being overly absorbed in
philosophical questions. In 1366, the University of Paris attempted to
sgparate theology and natural philosophy as much as was feasible. All
these efforts failed because, in the final analysis, the church authori-
tigs, most of whom were themselves trained in natural philosophy and
logic, were fully aware that it was necessary to use those disciplines
to study theology. The futility of these efforts is made apparent by
John Major, a sixteenth-century theologian, who explained that “for
some two centuries now, theologians have not feared to work into
their writings questions which are purely physical, metaphysical, and
sometimes purely mathematical” (Grant 2001, 281-282).

The influence of natural philosophy on theology is made most ap-
parent by the numerous questions routinely discussed in treatises on
Aristotle’s natural philosophy, which were also frequently included in
Sentence commentaries, especially in the second book, which was de-
voted to the biblical creation. Questions of the following kind were

fairly common:

whether the heaven is composed of matter and form;
on the number of spheres, whether there are eight or nine, or more or less;

whether the heaven is spherical in shape;
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whether the heavens are animated;

whether the whole heaven from the convexity of the sup
sphere to the concavity of the lunar orb is continugus
are distinct from each other;

whether celestial motion is natural;

TEIE [OF ¢11 fypye

whether the stars are self-moved or
orbs. (Grant 2001, 275-276)

Many other similar questions appeared in both
There were also purely secular questions that appeared only i the.
logical commentaries. An even more widespread fendency in theol.
0gy was the application of analytic techniques—drawn from o
natural philosophy, and mathematics—to various theological s
tions. Analyses using these instruments of reason were apt o tum
in any theologian’s commentaries on any one of the four bogkg of thes
Sentences. But the most interesting questions occurred in
second books, the former devoted to God, and the latte
and angels, among other topics.

Questions about God in the first book usually inquired aboyt his:
power, his knowledge, what he could

or could not do, and what he had
intended to do. For example, commentators raised such questions as:

tYPes of treatiss

the firs| ana
T 10 creation.

whether God could have made the world before He made it;
whether God knew that He would create a worl

d from eternity;
whether God could do evil things;

whether the Creator could have created things better than He did;
whether God could make a better world than this world;
whether God could make the future not to be;

whether God could make a crea

ture exist for only an instant. {Grant 2001,
359, 251)

There were also questions that sought to discover the effects on God
if he changed his mind, as in these two questions:

whether, without any change in Himself, God could not want something that
at some [earlier] time He had wanted; and
whether if God wants something new that He did not want from

eternity,
would this constitute a real change [in God]. {Grant 2001, 359)

or whether i, ol

are moved only by the o
5 of fiygy
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i thing that did not
assumed capable of doing any .
o WA a!wa?::sontradiction. In the thirteenth century, ‘Rlcha.rd c;f
: h'é ¥l kced “whether God could do contradictory t_hmgs sm;u”i
. 'tﬁr'l' :zld formulated this almost universally held judgment.

el

d." he declares,

ictori ist simultaneously, not because
God make two contradictories exis o
i cal'm:)t- in His power, but because it does not make any s;e(nseos-
any defcier :’ny way. And if you should ask why this doe]s not 1:111&1 e I:gu
e + i t to this [problem| no other argu-
1o ense, it must be said that with respec o other f
ble Jbl: I;:iven except that such is the nature, or tﬁeldlsposlrt:})lr;;lgs
e ion, j if we sought why every whole comp
L At d negation, just as if we sought v o1 e
=i hm;t;[:ar arggument would be forthcoming than that such is the natu
g part, 0

ol whole and part. (Grant 2001, 227)

ion, i d distinction, Richard asks
estion, in the same book an
i ﬂ_.nulh:ch})lcl:l could be called omnipotent bece}use He can m.ake all
wh?ﬂl;at He wishes to make.” In response, Richard declares:
HHngs

ings that He wishes. This power to
i ipotent and can make all things t ‘ . :
Gbi 1slcl:“I:lhl}nlf'gos f}?at He wishes to make is not the precise Iflea:lsonbc;f I;l?n ZIEE
Lol led omnipotent because He is able
i . But He ought to be called o p : able to make
e Otigfrf that is absolutely possible, that is possible as was s_aldhxlrzi ; : (}:aon-
ﬁ;{g qugestion and this applies to everything that does not inc
tradiction. (Grant 2001, 227-228)

The way in which the law of non-contradiction deterrr];ined wl;ztlige;
i ion is nicely illustrated by a qu
ould do this or that action is nice by 2 duestion
?;%vfl from the Sentence Commentary of Gregory of .leﬁmt h(;1r éod
II'J;SS) Among the questions Gregory asks about God is l‘:' 13 her God
-::uuld' make someone, say Peter, sin. “If God' Wc’}"Lﬁdt rl?: “t-;‘ouid - [,if
“ i d not sin. Tha
argues, “Peter would sin an d
?;zgowanteg him to sin] is obvious. But that he WO}.lld 1'\(;1:. sul c:sdrz)o;:r_
:roved: because no one sins by doing what God w1shei : 1mthat oo
ﬁlakes him do. . . . It is therefore obvious, properly speaking,
C‘an‘n : in” 225).
nniot make Peter sin” {Grant 2001, .
Meodig:;l natural philosophers became .en‘ngossed m11 p;::iirr;sf
about infinites—the infinitely large and tllle 1nf.1t1;1'11F(ta)](y s;n;am.athemaﬁ_
infinite divisibility o
ir interest was focused on the infinite divi . ]
ﬂ;fl:.:ollz]tifsum. Theologians, who frequently us.ed matht.em‘attcalscto?o
(C:epts developed within natural philosophy, linked this intere
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various possible actions by God. They made use of th,
that there are an infinite number of proportional parts in an ke, G
LG

gory of Rimini used this knowledge to describe how God, eould o
an actually infinite multitude of angels in an hour. In the firt iy &

portional part of the hour, God creates an angel and Preserves i1 b

creates another angel in the second proportional part of the hour and

preserves it, and then creates and preserves an angel j i

sive proportional part of the hour. Because there agre aTL ?:t‘::uji?t:m:%
ber of proportional parts in an hour, God would have cr.:-al;,__:;‘.lmr
actually infinite multitude of angels at the end of the hour, =

Simnilarly, Robert Holkot, a fourteenth-century English theolgpian
combined the infinite divisibility of the mathematical -:uniinumr:}gi!:m
proportional parts with common interest in another doctrine km“'tu
as “first and last instants.” Holkot applied all this to an example l:
volving free will, merit, and sin. He imagined a situation in which 2
man is alternately meritorious and sinful during the last hour gf his
life. The man is thus meritorious during the first proportional part .;:f
his final hour and sinful in the second proportional part; he is :‘lgai.ﬁ
meritorious in the third proportional part of his last hour and sinful
in the fourth proportional part; and so on, through the infinite serjgs
of decreasing proportional parts until the last instant is reached ang
death occurs. Because the instant of death cannot, and does not, forn
a part of the infinite sequence of decreasing proportional parts of the
last hour of the man'’s life, it follows that there cannot be a last instant
of his life, and therefore no final instant in which he is either meritg-
rious or sinful. Under these circumstances, God cannot know whether
to reward or punish this man in the afterlife. In this case, then, the
doctrine of free will reaches a limit and not even God can overcome
the dilemma inherent in this example. We see that an appropriate out-
come is not possible in every case involving free will and a divine sys-
tem of rewards and punishments (Grant 1996, 154).

We saw earlier that medieval theologians often assumed the exis-
tence of an infinite void space beyond our world in which God is om-
nipresent. Their interest in the infinitely large extended far beyond
spatial considerations. They repeatedly asked whether God could
make something that is actually infinite, distinguishing at least three
kinds of infinites: (1) an infinite magnitude; (2) an infinite muiltitide
of things; and (3) an infinitely intense quality like hot or cold. With
respect to an actual infinite to which nothing more could be added be+
cause there was nothing left to add, theologians were divided in their
response as to whether God could create such an infinite. Many the-

eir knowlte,
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- sans thought God could create an actual infinite, but they could
-'té,ipla.{n a paradoxical element that received no answer during the
~'i,_{d.lg Ag ¢s. The non-theologian John Buridan expresses the paradox
i Questions on Aristotle’s Physics (Book 3, question 15) when he
i« whether there is some infinite magnitude?” Buridan denies that
could create an actually infinite magnitude, because if he did, “he
" |d not create anything that is greater, since it is repugnant [or ab-
qird | that there should be something greater than an actual infinite”
ot 1994, 111). Thus, if there is nothing bigger than an actual infi-
aite, it is a contradiction to suppose that God could create something
reater than an actual infinite. But if he cannot create anything bigger

‘than an actual infinite, God’s absolute power would be restricted.

Buridan was merely following the general rule that God can do any-
thing short of a logical contradiction. Because a contradiction is in-
golved in this situation, Buridan merely followed the path that any
sheologian would have taken. Nevertheless, he was wary about tread-
ing into the theological domain, and he concludes his argument by
declaring that “with regard to all of the things that I say in this ques-
tion, I yield the determination of them to the lord theologians, and I

\wish to acquiesce in their determination” (Grant 1994, 112).

Theologians also found occasions to argue about whether one infi-
nite could be greater than another infinite, or if instead all infinites are
equal. Saint Bonaventure raised some of the problems associated with

infinites in his attack on the Aristotelian assumption of an eternal

world. In the first of six arguments against an eternal world, Bonaven-
ture believes he detects a contradiction when he compares the revo-
Jutions of sun and moon in a world that has an infinite past. Drawing
upon the arguments of John Philoponus (see chapter 4), Bonaventure
asserts that the moon will circle the earth twelve times a year, and the
sun only once. It follows, Bonaventure argues, that over an infinite
past, the moon will have made twelve times as many revolutions as
the sun, from which it further follows that the infinite number of rev-
olutions made by the moon will be greater than the infinite number
of revolutions made by the sun. Because Bonaventure, like many oth-
ers, assumed that all infinites are equal, he concluded that if an eter-
nity of time could produce such a contradictory consequence, it must
be false.

In the fourteenth century, attitudes toward the actual infinite
changed considerably. Bonaventure’s assumption that one infinite can
exceed another was rejected by other theologians. If the world existed
from all eternity, says Robert Holkot, it followed that some—and this
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would have included Saint Bonaventure—believed that “¢
be a greater number of fingers than men, and a greater numpy, Wy
olutions of the moon than of the sun.” Holkot rejects thig I‘ufmﬁ
and says that one must simply deny these claims: “With a m
men, there is a greater number of fingers than men; by with :W
finity of men, there is no greater number of fingers than men, heg: ille._
there is an infinity of men and an infinity of fingers” (Grang 2001, zr;i :
Thus, Holkot denied Bonaventure’s argument that the Elt'rnity “flhc
world is an absurdity because a consequence of eternity would g the.
generation of unequal infinites. Holkot argued that the infiniles 4.
riving from an eternal world would be equal, not unequal ag Bﬂnavﬁ;
ture claimed. Consequently, if the world did indeed exigf e
eternity, the unequal infinites that Bonaventure detected wiylg nol
materialize and there would be no contradiction. '
Indeed, Gregory of Rimini went beyond all of his colleagues ang
proposed a momentous idea on the relationship between Infinites, an
idea that lies at the heart of the modern-day theory of infinite sets. In
the course of discussing infinites, Gregory had occasion to discuse
terms such as “part,” “whole,” “greater than,” and “less than,” G
gory arrived at the dazzling idea that in the domain of the infinite, 3
part can equal the whole. An example that is commonly used tp il
lustrate what Gregory intended is the relationship between the naty-
ral numbers and its subset of even numbers. Because the even numbers
can be placed in a one-to-one correspondence with the set of natural
numbers, it follows that there are as many even numbers as natura)
numbers. Therefore, despite the fact that the set of even numbers is 3.
part of the set of natural numbers, the two infinite sets are equal, be-
cause they can be placed in a one-to-one correspondence. Gregory had
discovered the counterintuitive idea that in the domain of the infinite,
a part can equal the whole. Unfortunately, Gregory’s discovery had no
further consequences in the Middie Ages. As John Murdoch explains,

Gregory’s resolution of the paradox so frequently generated by the assum P
tion of the eternity of the world is by far the most successful and Impitessive
I have discovered in the Middle Ages, Unfortunately, however, it appears
hardly ever to have received the understanding and appreciation it clearly
deserved. Since the “equality” of an infinite whole with one or more of its
parts is one of the most challenging, and as we now realize, most crucial as-
pects of the infinite, the failure to absorb and refine Gregory’s contentions
stopped other medieval thinkers short of the hitherto unprecedented com-
prehension of the mathematics of infinity which easily could have been theirs.
(Murdoch 1969, 224; also cited in Grant 2001, 248)

Natural Philosophy and Theology 213
i ther explains that although medieval scho_lar.fs failed tﬁ
o e Gregory's extraordinary foresight a.nd insight, suﬁ'
L %n. ut the infinite were common to medle\,"al natural phi-
e Dtheology and “led them, as it seldom d1d. ttlelr ancient
e e heart of the mathematics of the mflmtta. The tact
o cpemed to realize that it was the heart, and that in treating
at ey id as well as, and at times better than, anyone elsze befo're’:
athe e the nineteenth century, is unquestionably to their credit
3 _[:w“;'l%gl 224; also cited in Grant 2001, 248). . ;
B jusion of numerous questions devoted to the existence an
Tl'i'f“ e of angels in theological commentaries is ha'ardly sutpns{lr;g;
Ihﬁuglii: is what we would expect to find in theologl_cal tre_at}llses, l.lls
| questions on Aristotle’s natural philosoph;crl, 111'\1/1 wl;uc easl;ligoen :
i discussed. Most qu
were ly ever mentioned and never '
rarE :fls concerned their moral behavior. For example, Thomacs1
‘_“h“t:l “;'.‘gj; his commentary on the Sentences, aske_d whetl’}(ir crea;e
:MI-J ]miar’e blessed,” “whether angels were created in grace,” “whether
o Is there could be sin” (Grant 2001, 255), and so on. Thes;a lvt:rere
ﬁiangf! uestions asked in commentaries on the Sentences o etcelzr
WI :Pm'ﬁ'h rg But apart from their spiritual importance, an_gels were made
| erie' ;;nother role: they became a convenient x.rehlcle tor. tlfle 1m}
- Station of natural philosophy into theology. TfhlS ar;gerl\lsc ;tr:o I:txt 1cl)e
i i k the form of questio
' 1 philosophy into theology too !
:ft:;:; l;f angfls:ythe way they occupied a place and the way they
' igure 7.2).
rom place to place (see Figure . _ .
mﬂh:egufnma g‘ Theology, Thomas Aquinas considered thehrelfltilc)nstmlp
in the form of articles, asked the fo owing
of angels to places and, in rm 5, a it
' ions: “ tin a place?”; “can an ang
e questions: “does an angel exis :
H;::areﬁ places at once?”; and “can several angels be in the same pli.acs
it.once?” Thomas inquired next about “the locetl mot‘llon of ange s;!1
and under this theme posed three more questions: Can a111 ang
move from place to place?”; “Does an angel, moving local31(: }:I;i.;,s
H ”, . i, e s -
through an intermediate place?”; and?ﬁn(egly thl‘(l)%time; 5aﬁr; al‘}\%i e me
in ti i instant?” (Gran , .
tion occurs in time or in an ins o
i i i hers were led to compare
guestions, theologian-natural philosop : . :
?nntions of material bodies, as Aristotle described them, w1tcl; :he n':r?e
tions of the immaterial substances of angels, and (;9,;1 ae n‘tle;'g;ﬂal
i in the same way as di
whether an angel occupied a place in . [ ol
i lly speaking, angels were
body, or in some other manner. Genera : s were as
, ite differently than did material bodies.
sumed to occupy places quite di i :
Bodies were co-extensive with the places they occupied, whereas an

essors, to th

o




Figure 7.2. Angels crankin

g the world
Harl. ‘MS. 4940, fol. 28, See Murdoch 1
cranking the world.)

to produce its circular motion. (British Library,
984, 336, for a different illustration of angels
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. not, but merely delimited by the places they occupied.
or, because an angel was regarded as indivisible, theologians
that the whole angel could be in every part of the place that
it. As for the motion of angels from one place to another, the
ons posed by Thomas Aquinas, and cited above, were com-
discussed—namely, whether an angel’s motion is instanta-
_and whether an angel passes through the mid-point of its path
. it reaches its destination. Most rejected instantaneous motion.
.. of Middleton, for example, denied that an angel could move
7 oty anyy medium from one place to another in an instant. For if it
Saild, God, the most powerful force in existence, should be able to
e that angel the same distance in less than an instant. But, argued
¢hard, not even God could move an angel through any distance in
time than an instant, because there is no temporal measure
Jer than an instant.
 [nterest in first and last instants of a process was widespread among
schalastic natural philosophers. Theologians eagerly imported such
ﬁf}_;'fdmiinns into their own questions. We saw earlier that Robert
Hotkot sought to determine if God could know whether a man died
i 2 meritorious or sinful state in the last instant of his life. Similarly,
ﬂuﬁulln of Orvieto asked whether angels, in the first instant of their
puistence, could be freely unmeritorious and also meritorious (Grant
2001, 259).
Not infrequently, theologians transformed what purported to be a
discussion of some problem about angels into a lengthy consideration

of time, the mathematical continuum, indivisibles, problems of mo-

tion, the infinite, and generally, problems that involved the applica-
tion of logico-mathematical techniques. One of the most extraordinary

| ustensible discussions about angels appears in Book 2 of Gregory of

Rimini’s Commentary on the Sentences. In a question of approximately
42 pages in length in the modern edition, Gregory asks “whether an-
gels were created before time [began], or after time [began]” (Grant
2001, 259). He mentions angels at the beginning of the question but
does not mention them again for approximately 39 pages. Instead of
discussing angels, Gregory presents a detailed analysis of time, draw-
ing heavily on the philosophical works of Aristotle and Averroes. In
the very next question, Gregory asks “whether an angel exists in a di-
visible or indjvisible place” (Grant 2001, 260). Gregory divides this
question into two articles, in the first of which, some 53 pages in
length, he mentions angels only once. Only in the second article,
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which is a mere 9 pages in len
angels.

In the first lengthy article, Gre i
clgsions that involveymathematic %%lgygiizlsa:;;ti &.mee At gy
this e?xtensive section, Gregory cites Euclicl"s Elemer%lt& i '. | e
and includes fourteen geometrical diagrams. He i i}nmmu& im
c!ueshons :on angels, much of which are devoted :1(: nces add oy
tion, the kind of problems that were normally consic?mhfe.mg-“ffﬁ‘
;:mi natural philosophy. In the fourteenth century, mae;e s freae
c; cl)g;ved C.;regory of Rimini's approach. They co’rlver-ie}; ﬂﬂi:”hghu
E) gic‘ems Into exercises on natural philosophy, mathum_;i ﬂh'd:

Natural philosophy was even appli i :
ce.ntral articles of fait¥1 in the Cathgﬁclzu?hltictl?elf Eczal?St am':'l e
miraculously produces the actual body and i::lood of ut?—.]Mt i
bread and wine used in the Mass. Although the bread ha -hmt -
S1I.1bstance of the body of Christ, the bread retains its ususl Erﬁmn ﬂm
c1dental. properties. Despite appearances, however th: :lﬂlil;h R
gropertxes no longer inhere in the substance of the ];read- t;:: o

ehave and appear as if they do. Nor do they exist in C};nsf }};ﬁ

gth, does Gregory con
cern himselg,

apparently free-floating accidents violated a fundamental doetring of

i&lﬂstot%e’s physics, namely that all accidents, without exceptio t
inhere in a substance. Because it conflicted with the Eucharisl:’ ;]F]::?T
L, =

successive articles in the Condemnation of 1277 denounced the id
: idea)

that an accident cannot exi it i
exist unless it inheres in a
demned articles declared: Substance. Tha toig

139. ThaF an accident existing without a subject is not an accident, gx [
Equ:wocally; [and] that it is impossible that a quantity or dimensilon EE:ET:’:
y itself because that would make it a substance.

140- I]lat to IIlake an aCCIdEIlt exist w ut l P IE
lth a Sub ect i
S an um OSSIblE arpl-
IIlEIlt tllat lIIlpllES a Contl'adlct‘IOII.

141. That God cannot make an accident exist without a subject, nor make sev-

eral dimensions exist si sly [i
il exist simultaneously [in the same place]. (Grant 1996,

It was the task of medieval theologians to explain how the accidents
could appear as if they inhered in the bread but did not, and how this
was to be reconciled, if at ali, with Aristotle’s doctn‘ne’ Theologians
gave a range of responses. Some, like William of Ockhan.*l tried togstay
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B 10 Aristotle’s explanations as was possible or feasible. As
e {la has explained, Ockham chose not to modify Aristotle’s
+ in order t0 explain what seemed inexplicable by natural phi-
Sy, but explained the naturally inexplicable by assuming God's
4 {ntervention (Sylla 1975, 363). Thus, Ockham chose to invoke
e direct supernatural intervention at those points where he would
ca had to twist natural philosophy to fit theological requirements.
9}" a expresses it, Ockham “allows natural philosophy its proper
tonorny” (Sylla 1975, 366).

n purely theological questions, such as those about the Eucharist,
. scholars, like Ockham, did not use natural philosophy to explain
; S manifestly supernatural actions, which they regarded as beyond
ut they used natural philosophy to explain various aspects of
em that were amenable to rational discourse. In
_quef_iﬁms about the Eucharist, for example, theologians discussed
Saalities, quantities, and the nature of dimensions, topics that Aristo-
x had discussed and which his followers elaborated upon. Article 139,
Gled above, condemned the Aristotelian axiom that no quality, quan-
4ity, or dimension could exist independently of a material body, and
Article 141 denounced a basic Aristotelian concept that two or more
dimensions could not exist simultaneously in the same place. These
Agistotelian ideas were contrary to two basic concepts inherent in the
Fucharist, and both had to be rejected if the Eucharist was to be made
credible to the faithful. Not only did Articles 139 and 141 place limita-
tions on God’s absolute power, but Article 139 denied that God could
miraculously produce the actual body and blood of Christ in the bread
and wine used in the Mass (several different dimensions could not exist
in the same place simultaneously). Articles 139 and 141 both denied
that the accidents of the bread, though still visible, could inhere in the
substance of the bread, which had become the body of Christ.

For better or worse, natural philosophy became embedded in such
theological themes as the Eucharist and the Resurrection, and in such
problems as the increase of charity, or grace, which gave rise to a large
body of literature called the “intension and remission of forms or qual-
ities,” in which the intensions and remissions of all sorts of qualities
were mathematized, both arithmetically and geometrically.

Anything that could be identified as a variable quality would have
been eligible for mathematization. We need only mention sensible
qualities such as color and abstract qualities such as justice, health,
honor, joy, and pain to convey an idea of the range of qualities. The

=

fson- B
:I_w]ugiml probl
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intension of any quality involved a greater intensificatigp of 1
ity, as when an apple becomes redder; or a leaf becomes P
pain becomes greater. A quality undergoes remission wh ith
less intense, as when, to use the previous examples, the appla .
less red; the leaf becomes less green; and the pain jg Efiiatlaﬂ ic_;_
quickly reduced. Scholastics came to assume that (ualitie ol
extended magnitudes or weights, so that identica] qualitatiye e
could be added or subtracted. Indeed, they arbitrarily assﬂm.? .-.-
grees to qualities and added or subtracted them, thereby mﬂkiﬁg.'l o
itative variation amenable to mathematical treatment, using :
arithmetic and geometry. The medieval origin of the problem is faye )
in Peter Lombard’s Sentences, Book 1, distinction 17, in which P
asks “whether it ought to be conceded that the Holy Spirit mﬂﬂ‘ﬁ
increased in man, [that is] whether more or less [of it] could be hag
or given” (Grant 1996, 99). Peter replies that charity, which is caijsag,
by the Holy Spirit, cannot increase in man, because that would imF:f
a change in the Holy Spirit, which is unchangeable. Hence, if charire
varies from person to person, it is because humans are capable of &
greater or lesser participation in the unchanging Holy Spirit,
Because from the thirteenth century onward all theological studenps
commented on the Sentences, Peter’s discussion of variations in gt‘am
served to stimulate interest in the problem of qualitative variation—
or the intension and remission of forms, or qualities, as they came to
be called. It is from these beginnings that an important body of -
dieval literature came into being on the variation of qualities. Thi |p-
tension and remission of forms became the most mathematized aspégt
of medieval natural philosophy. Although the problem continued to-
be discussed in the Sentence Commentaries, the most important work |
was done in treatises on natural philosophy. The quantitative and
mathematical description of qualitative variation was first developed
at Merton College at Oxford University during the 1330s and 12405,
and soon reached the University of Paris, where sometime around
1350, Nicole Oresme composed the most comprehensive and extraor-
dinary treatise on qualitative variation (see Figure 7.3). Because ve-
locities were treated as analogous to qualities, Oresme included,
among a large number of mathematical proofs, a geometric proof of
what was later called the “mean speed theorem”—that is, a proof of
the mathematical formulation s = 1 /2af2, where s is distance traversed,
a is acceleration, and ¢ is time. Although Oresme did not recognize the
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it to falling bodies in the sixteenth ce

: ntury. Thus dj
a sl:trmgboal"d for the development of an importa:: ;hEEFu | i
cipline that involved the extensive applicati o b
ural philosophy.

THE SIGNIFICANCE AND MEA
NING
OF THE INTERACTION BETWEEN NATURAL
PHILOSOPHY AND THEOLOGY

From all that has been said ab i
out the interrelations b

- . - 3 Etw :
phll?ls_ophy and theology, it is obvious that theology had (;en;t e
Sm;l impact on natural philosophy, whereas natural philoso r}? a:wt'.l
a}x: mathemgtlc':s F\ad so great an influence on theology ’cha?ttyl:r G
shaped the_ discipline, transforming its subject matter more me;iriE_Ilf b
natural philosophy than theology or religion. “One can oint
merous Senitence Commentaries,” observes Edith Sylla P s
in which natural science is used extensi

: aral vely, and there are so -
me.ntamis which in fact seem to be works on logic and natu;rlillesiggfc?;cg?"
pguise—in response to each theologi i i 5
: ; ( gical question raised, the | X
immediately launches into a logical-mathematical-physical disquisiti;;: Tl::g

then returns only briefly at the end to the theological question at hand, (Sylla"

1975, 352)

To Sylla’s pertinent comment, we may appropriately add one f
John Murdoch, who declares that “genuine parts of fuurLee;ﬂtIr'L“
century theological tracts . . . successfully masqueraded as straj E:
forward tracts in natural philosophy” (Murdoch 1975 276) e
It appears that natural philosophy in the hands of Jtheolc;) ians be-
came more innovative and exciting than the natural philosogh
duced by. arts masters, who were non-theologians Althoﬂ ﬁl;‘;
masters, like John Buridan, pursued questions invoiving Go?il’s ab-
si)tllw:lte power, they were more apt than theologians to emphasize that
zonoi%h God could do all those acts, it did not follow that he had
o e them. Although theologians would probably have agreed with
e arts masters, they treated most of the counterfactual questions as
r(i_'al problems to be resolved by the use of all available tools, which
}r; most always meant natural philosophy;, logic, and mathemati’cs. And
ecause they were applying natural philosophy to interesting, and
even bizarre, theological questions, the theologians were extfliding

on of mathemat ;
| i "S'.'tﬁ'ﬂ'ﬂlf
-

Y into
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ral philOSOPhY into many areas that the arts masters were, for all
S licdl purposes, forbidden to enter.

= Thus, the potential intermingling of theology and religion with nat-
el phjlosophy was the business of theologians, not natural philoso-
e, who lacked theological training. The consequences of this
fu-l'.'l‘,mach for theology were significant. Many of the questions the-
 sians included in their Sentence Commentaries give the appearance
ofhaving been formulated so that the authors might apply or test their
ﬁﬁoning skills by means of the basic analytic tools available to
-"E.m._.namely natural philosophy, logic, and mathematics. Other-
wise, why would they have asked questions such as:

whether an angel is in a divisible or indivisible place;

sin or be meritorious in the first instant of his exis-

=

\whother an angel could
[Ence;

\hether God could cause a past thing [or event] to have never occurred;

\whether an angel could be moved from place to place without passing
{hrough the middle [point]. (Grant 2001, 277278}

All of these, and many more like them, required analytic techniques
to- produce plausible responses. Medieval theologians were appar-
ently strongly motivated—or perhaps even compulsively driven—to
explain as much about their faith in rational terms as was feasible. As
theologians made theology more and more analytic, they seem to have
emptied their discipline of spiritual content. All attempts by the
¢hurch to make theology less analytic and more spiritual failed dis-
mally. Indeed, the attempts were often half-hearted.

The hundreds of questions on natural philosophy in treatises on
Aristotle’s natural books and in works on theology probed all aspects
of the world, including physical nature, the supernatural, and an
imaginary world of hypothetical and possible phenomena. The only
significant restrictions on inquiry into natural phenomena during the
late Middle Ages in both natural philosophy and theology were re-
lated to revelation. Revelation was comprised of truths derived di-
rectly from God, or from his revealed word in holy scripture.
Revelation embraced such fundamental Christian truths as the Trin-
ity, incarnation, redemption, the Eucharist, and the divine creation of
the world from nothing. These were regarded as beyond the compre-
hension of reason and logic and were to be believed on the basis of
faith alone. Most theologians who attempted to analyze revealed
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truths usually did so to better comprehend, or explai

ready believed on faith. If, perchanga, a scholar ajgizlgfa?hat . 2k
that were contrary to revealed truth, he had to reject themmcluaim"
cused of heresy. One could, however, discuss pI'OpOSitiOnsm o
s?ons that were the opposite of tevelatory truths. That is e
simply assume their truth hypothetically for the sake of ar;
Indeed, that is how Aristotle’s contrary-to-faith documeé

cussed, especially after the Condemnation of 1277. For

ofic |y

ArgUmeny
Weora g
example, One

could set aside the doctrine of creation from nothing by assumiy i

natural philosophy that material bodies could come into bein
from previously existent material bodies. While such an ar:-s;u ¢ -
was made by all medieval Christian natural philosophers, the i
‘.':111 have agreed that while it was true for natural things’it vg’aw?uld
in the Christian religion, in which it was an article of f’aith ths ki
world was created from nothing. P
But what about holy scripture? How were its texts to be interprateq
by ITatural philosophers, especially when these might conflict mp':hP "
sertions regarded as true in Aristotle’s natural philosophy? On t_‘:,SF
important theme, general guidelines were furnished by Saint A u:
tine in his commentary on Genesis: “In matters that are obscur:gamj
far beyond our vision, even in such as we may find treated in Hol
Scn:pture, different interpretations are sometimes possible wifhuu{
prejudice to the faith we have received. In such a case, we should nol
rush headlong and so firmly take our stand on one side that, if fur-
ther progress in the search of truth justly undermines this p::bsiﬁr_m
we too fall with it” (Augustine 1982, 1:41). Augustine did, hﬂwevel:
insist that whenever possible and feasible, holy scripture should ba;
tf;\ken literally, as, for example, in interpreting the waters above the
firmament. “Whatever the nature of that water and whatever the man-
nef' of its being there,” he declares, “we must not doubt that it does
exist in that place. The authority of Scripture in this matter is greater
than all human ingenuity” (Augustine 1982, 1:52).

In'Summa of Theology, Thomas Aquinas adopted both aspects of Au-
gustine’s approach, as, indeed, did Saint Bonaventure. In discussing
whether the firmament was made on the second day, Thomas declares
(pt. 1, question 68, art. 1):

Augl{sﬁne tt.eaches that two points must be kept in mind when resolving such
questions. 1:*'1rs t, the truth of Scripture must be held inviolable. Secondly, when
there are different ways of explaining a Scriptural text, no particular expla-

be ag.

one egyjd.
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vipn should be held so rigidly that, if convincing arguments show it to be
ﬁm anyone dare to insist that it is still the definitive sense of the text. Oth-
L believers will scorn Sacred Scripture, and the way to faith will be
d

1 wid to them. {Thomas Aquinas 1967, 10:71-73)

Thomas’ attitude proved popular and shaped the attitude of nu-
merous theologians toward the Bible and its relations to natural phi-
Jasophy- Virtually no theologians or natural philosophers from the
afe thirteenth to fifteenth centuries interpreted biblical descriptions
of cosmological or physical phenomena in a literal sense. All scholas-
tic natural philosophers and theologians accepted Aristotle’s judg-
ment that the world is a sphere, despite biblical statements in Psalm
{03 in which heaven is said to be stretched like a skin, or to be like
an arched roof. In his commentary on the Sentences, Saint Bonaven-
wire explains the conflict between the natural philosopher’s interpre-
tstion of the shape of the world and the biblical descriptions by
informing his readers that “Scripture, condescending to poor, simple
people, frequently speaks in a common way. And so when it speaks
ahout the heaven, it speaks in a way that the heaven appears to our
senses, and [therefore] says that with respect to our hemisphere the
heaven is like a skin, or a stretched, arched roof” (slightly altered from
Grant 2001, 266).

In the course of presenting arguments about the possible daily axial
rotation of the earth, Nicole Oresme, in the fourteenth century,
adopted a similar attitude. To silence those who cited biblical passages
clearly indicating that the sun moved around an immobile earth,
Oresme observed that one could reply “by saying that this passage
conforms to the customary usage of popular speech just as it does in
many other places, for instance, in those where it is written that God
repented, and He became angry and became pacified, and other such
expressions which are not to be taken literally” (Oresme 1968, 531).

By adopting a flexible attitude about the interpretation of biblical
passages, the Church and its theologians inadvertently made a highly
gignificant contribution to the advancement of science and natural
philosophy. Had they insisted on a literal interpretation of scripture,
rather than allow for allegorical and metaphorical interpretations, nat-
ural philosophy would probably have been stifled and retarded. Over
and over again, literal interpretations were replaced by interpretations
from natural philosophy for which reasonable evidence could be fur-
nished. Despite the debacle in the seventeenth century when the
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Chapter 8

Relations between Science
and Religion in the Byzantine
Empire, the World of Islam, and
the Latin West

e have now described in detail the long history of the relations be-
tween science and religion as it developed in Latin Christendom, or,
more generally, Western Europe. Developments in Western Europe

..;f_urjg:\g the late Middle Ages, from approximately a.p. 1150 to 1500,

were the end process of a lengthy evolution derived from two other
great and important civilizations: the Byzantine Empire and Islam. It
will be illuminating, and even essential, to compare the fate of sci-
ence-religion relationships in these two civilizations with what we
have described thus far for the medieval West. It is from these three
disparate contemporary civilizations, each distinguished by use of a
different language—Greek in the Byzantine Empire; Arabic in the do-
minjon of Islam; and Latin in Western Europe—that we derive the firm
foundations of Western civilization after the Middle Ages, founda-
tions that have, for better or worse, brought us to the present. Because
the Byzantine Empire was the direct successor of the Roman Empire
and survived, albeit in much diminished circumstances, until it fell to

the Ottoman Turks in 1453, it is appropriate to begin our comparisons
with the Byzantine Empire.

THE BYZANTINE EMPIRE

From the foundation of the Roman Empire in 27 B.c.—when Oc-
tavius assumed the title of Augustus and was thereafter known as
Caesar Augustus, the first Roman emperor—until the fourth century
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A.D., Rome was the capital of a vast geographical area that stretet
from the coastal regions along the Atlantic Ocean to the lan;E b
5

dering the eastern Mediterranean. After relative peace for the fipg 4,/

centuries of its existence, the Roman Empire fell i

; _ b pire fell into turmaoj
te}-nal conflict during the next three centuries. Eventually theﬂ.;;nd 5
Diocletian (a.p. 284-305) divided the empire in two, a westery e

eastern part, the former embracing the Latin-speaking reglons of the

empire, the latter the part in which Greek was the dominant lan
'-I'hus it was that in a.p. 286, the emperor Diocletian ﬂppuintmjguy? i
imian, one of his trusted generals, to rule as co-emperor in the ‘ .M-
while he ruled in the east. Although this split did not work ver wl
it remained in effect until the late fifth century and then in nam)é WE:L
until A.p. 800, when, on Christmas day, Pope Leo III crowned Chmw
magne Holy Roman Emperor. o

The split Diocletian made between East and West was strongly
inforced by Constantine the Great, Roman emperor from 313 foxsg?;
In the year 330, Constantine moved his capital from Rome to the 1.:;' ;
of Byzantium, on the Bosphorus, the narrow body of water that
arates Europe from Asia. The new capital was named after the Er.n
peror and called Constantinople, which, after the Turks conquered it
in 1453, became Istanbul, the capital of modern Turkey. As Rome gra-
ually emerged as the headquarters of the Roman Catholic Chu;r.'h
Constantinople became the great center of the Roman Empire A]:
though in theory, the Roman Empire was one empire under two'l;ep'-
arate but equal rulers, the western part fell into a chaotic state, an& its
fate was virtually independent of the eastern empire, which contin-
ued on with what was left of the Roman Empire until its fall in 1453,

Constantine the Great also played a significant role in the triumph
of Christianity when, in 313, he issued the Edict of Milan {or the Edlict
of Toleration), granting Christians full equality with other nﬂjginns..
and thus freedom of worship. In 392, the emperor Theodosius made
Christianity the state religion of the empire, its only legal religion.
Pagan temples were closed and it became illegal to worship pagan
gods. To do so was regarded as treason. Thus it was that as the em-
pire in the West weakened and gradually declined, the church grew
in strength and numbers and became the dominant force in Western
Europe.

Following the split in the Roman Empire itself, there followed a split
within Christianity, producing a Greek Orthodox Church in the east-
ern half of the empire and a Roman Catholic Church in the westemn
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it This dramatic event occurred in the sixth century, when the
?Eﬁmlic Church changed the Nicene Creed that had been proclaimed
i A.D. 325. Where the creed had originally declared that the Holy
épirii Proceeded “from the Father” alone, the Catholic Church added

words “and the Son” (filioque). The Greek Orthodox Church found
(his highly objectionable, regarding it as tantamount to a declaration
{hat the Holy Spirit proceeded from two distinct Gods. Thus was the
split between the western and eastern Christian churches begun and
carried on for centuries until it became a de facto reality in 1054, when
the Pope sent legates to Constantinople who excommunicated the pa-
wiarch of the Greek Orthodox Church, along with his associates. The
pfficials of the Orthodox Church responded similarly, by condemning
the papal legates.

In the relations between church and state, the Byzantine Empire and
the West differed in a major way. Where the West, as we saw, recog-
nized a difference between church and state, the Byzantine Empire
was essentially a theocracy. The Byzantine Emperor was regarded as
the head of church and state. He had the authority to appoint and re-
move the patriarchs of the Orthodox Church. Despite their great au-
thority, emperors rarely tried to change church dogma, failing on the
few occasions when they tried. Although this lack of separation of
¢hurch and state was a hindrance to the development of science and
natural philosophy, the Byzantines confronted an even greater prob-
lem than dwelling in a theocratic state. The Byzantine Empire was al-
ways surrounded by actively hostile enemies and was constantly at
war. So ongoing and unrelenting were the wars, that “neither litera-
ture nor science benefited from those strong impulsions which they
normally derive from the human energies that are released in the sea-
sonal transformations of society. For all progress, all movement was
blanketed by the requirements of defence. Nor on the other hand
could literature and scientific advancement exercise their potentially
great influence; for the developments which they might have set in
motion were at every turn stopped by the same obstacle” (Bolgar 1954,
89).

Within the Byzantine theocracy, the Orthodox Church proved an ob-
stacle to the study of science and natural philosophy. From the ninth
to fifteenth centuries, the church sought more to discourage than to
facilitate the study of Greek science and natural philosophy. Indeed,
philosophy and science were always regarded as the handmaidens of
theology, an idea that was eventually abandoned in the medieval
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West. The Orthodox Church was hostile to the study of

plines for their own sake. Before the church’s deaden‘wu{ar disch
took hold, Greek scholars in the first three centuries of them R

pire made remarkable contributions to science. Some of thu Eme
names in the history of Greek science flourished in this
these are included the greatest astronomer of antiqui
Ptolemy (c. A.p. 100—. 170), and the most renowned
medical researcher of the ancient world, Galen (c. a.p, 129 »na

200)).

Other lesser but nonetheless important contributors could alsg

mentioned. Indeed, until the end of the sixth century, important epn.
r 71 nn__

tributions to natural philosophy were made in the B L
by a number of commentators on the works of A¥izs?£egﬁi1h= g
Alexander of Aphrodisias (fl. 2nd—3rd century a.n.), T’!!wnir,:: ;-
A.D. 317—c. 388), Simplicius, and most important of all, the Chye. "
neo-Platonist John Philoponus, whose ideas were destined to }:zsm“
large impact on both Islamic and Latin natural philosophy. =

But the level of achievement was seriously affected in AD, 519
?vhen, on religious grounds, the emperor Justinian ordered thedmj
ing of Plato’s Academy in Athens, forcing a number of philosophers
to depart the Byzantine Empire and move to the East. After tilaT i
ural philosophy and science played a minor role in Byzantine intel
lect‘ual life. This is surprising when we realize that, as cumpﬁred to
thelr contemporary counterparts in Islam and the Latin West Byzan-
tine scholars were truly fortunate, because their native langu;lge WS
Greek. They could read, study, and interpret, without problems’ of
translation, all the works available in the Greek language that had a¢-
cumulated in the Byzantine Empire, especially in Constantinople,
since the fifth and fourth centuries B.c. Indeed, most of 6111' GréeIr:
manuscripts come from Byzantium. And yet, Byzantine scholars ap-
pear not to have taken advantage of this readily available treastire
house of science and natural philosophy. Although many of the works
of Byzantine scholars lie unread in libraries and archives, especialiv-
in Istanbul, it is not likely that discoveries of previously unknown
works will alter our overall judgment of their scholarly contributions,
The explanation lies in the fact that the attitude of Byzantine scholars
was overwhelmingly backward looking, as is evident from a state-
ment by Theodore Metochites, a fourteenth-century student of classi-
cal thought, who declared in the preface of his Historical and
Philosophical Miscellanies: “The great men of the past have said every-
thing so perfectly that they have left nothing for us to say” (Runciman
1970, 94). This negative attitude may be compared to Islamic and

8 iflugne.
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ctern Chaistian scholars, who often went beyond the ancient Greek
- thorities and regarded it as wholly appropriate to disagree with
f&ﬁim:ﬂ“d thereby add to the sum total of human knowledge. It is a
_isidox of history that the civilizations of Islam and Western Europe
contributed significantly to the store of human knowledge, using

\ranslated works and often lacking important earlier texts, while the

' tines, who had command of the Greek language and easy ac-

'« to the manuscript sources of their great Greek predecessors, failed

:ﬁ_-;ap{taljxe on their good fortune.

- pespite a generally negative assessment of Byzantine contributions,

shere were periods during the eleventh century, and especially during

the fourteenth and fifteenth centuries, even as the empire was disin-

fegrating, that Byzantine intellectual life burgeoned forth to such an

pxtent that scholars have labeled these periods “renaissances.” In the

first half of the fifteenth century, some Byzantine scholars brought

knowledge of Greek and Greek manuscripts to Italy, helping to spark

\hat has been called the Italian Renaissance. Although during these

*renalssance” periods we find much greater interest in Greek litera-

ture and science, no significant works were composed that had any
detectable influence.

Constant warfare undoubtedly sapped the intellectual strength of
Byzantine intellectual life. But the Orthodox Church also played an
inhibiting role. The church sometimes persecuted those scholars
whom it viewed as too drawn to pagan, secular thought. The church
recognized that it could not stop the study of traditional Greek secu-
lar works, from which it itself drew some benefits. But efforts were
made, sometimes unconsciously, to keep Hellenism under control. In
the ninth century, when the main secular interest favored science, the
church preferred to encourage the formal study of language. In the
eleventh century, when a secular revolution with a nationalist bias had
made the pagan past momentarily popular, the church took over ed-
ucation on a large scale and introduced techniques of study that left
the shell of Atticism without its substance. In the fourteenth century,
some of the more daring Hellenists were persecuted, and had it not
been for the general collapse, the church would no doubt have tried
again to get control of the educational system {(Bolgar 1954, 89-90).

We saw that in the Latin West theologians embraced Greek science
and natural philosophy to such an extent that we can actually speak
of a class of theologian—natural philosophers. Because the theologians
embraced the study of natural philosophy as essential for theology,
the West was able to institutionalize the study of natural philosophy
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in the universities, so that students all across Eump
e we

exposed to it, as well as to logic. The centuries-long sty i Tﬂuﬂﬁ@’,
'y of ng

philosophy by generation after generati

rope established the rationalisﬁ% a;;g::hotfos?aciﬁ?ts -

ﬁfff;l'sable prelu@e to the advent of early modernesct‘l-l o

/1ke this occurred in the Byzantine Empire, whe h_lence. Nuth‘ﬁ,ﬁ

indifferent or hostile to the study of a secula:r sub're L Eiens Wer

losophy, which never became a regular subject of i

of Byzantium. e StUdethethﬁ

Although they failed to take advantage of thei

SGal;(lagk l(i:';guafgze3 and ad\.rance the legacy tl%ey inherlilt-e‘cziofl?:;la Ed o Hm

make); ms(,) o treek science a}nd natural philosophy, szamT: rhmf""

make n"'xen ous contribution to the ultimate advanéam e
- Byzantine scholars preserved the texts of Greek scj iyl

ural phx.losophy. It was from the Byzantine E pive

.mamllsg?ph? of Greek scientific texts were tremsmitte.fgl:’t]m'cl-l”'Iat e

;Egucwtlhzahons o.f Islam and Western Europe, where the; W:MMEng

Y y translated into Argbic and Latin. This vital contributi EVen-

than makes up for the failure of Byzantine scholars to d it

justice to the treasures that lay at their disposal for so mai;:f:f: t—'ual

ries,

ISLAM

If the Byzantines failed to i
take genuine advantage i
over their
zin;ituniuto Iposgess the Greek manuscript treatises gof ancient mi:;ud
Eignx;lzngra phtg)so}]lahy, those to whom the Greek language was a fﬂc:
ue, and who had to read those treatises i i
Sestined to canmy o o eatises in translations, werp
aditions of ancient science in
' . ways th
(s:gr}taassed ar-nythmg achieved by their Byzantine predece);sorsa:f:}c;:
1 tndemporr:mes. Grfeek science and natural philosophy were traﬁs»
;113 ;e;relg I'na}ci_e tewallzble to the new civilization of Islam, which first
in fustory during the seventh centu ’ I
Christianity, which was di i s ek almoor 400 ol
7 sseminated slowly, taking almost 40
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: geographic area.
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armies Prevailed, the Muslim religion was installed. The conver-
of the conquered people was encouraged and facilitated. Indeed,
aim of Muslim armies was to convert conquered peoples. Another
iking difference lay in the fact that Christianity was born within the
Y man Empire and was subordinate to it for four centuries, during
hich time Christians adjusted to pagan Greek thought and learned
o use it for their own purposes. By contrast, Islam was born outside
Lgf the Roman Empire and was never in a subordinate position with
. mact to other religions and governments. Thus, Islam did not have
i -ﬁdiust to one or more alien cultures or to Greek philosophy and sci-
enice. Although Greek science and natural philosophy eventually
;'j:u_liﬂ'"ed a significant role in Islamic thought, it was always an outside,
tien force, as is apparent from the fact that Greek science and natu-
cal philﬂsnph}' were known within Islam as the “foreign sciences,” in
contrast to the “Islamic sciences” that were based on the Qur’an and
\slamic law and traditions, which always held the highest place in Is-
Jamic life.

Despite the fact that the “foreign sciences” were not part of the ini-
iial Islamic tradition, they were destined to become part of it as Islam
moved onto the world stage. Muslim scholars, and a number of Chris-
tians and Jews who lived within the civilization of Islam, came to look
with favor on the idea of absorbing the fruits of Greek science and nat-
ral philosophy. To accomplish this, it was necessary to translate much
of the Greek legacy in science and natural philosophy into Arabic, the
language of the Qur’an and of Muslims in the heartland of Islam in
the Middle East. The translating activity began even before Islam was
homn. Christian scholars in Syria and Persia, many of whom were na-
tive Greek speakers, began translating Greek texts into Syriac, a Se-
mitic language related to Arabic. During the ninth and tenth centuries,
when the Arabic phase of translations was underway, numerous schol-
ars knowledgeable in both Greek and Arabic, or Syriac and Arabic,
translated many of the great Greek treatises into Arabic. So intense was
the desire for Greek science and natural philosophy, that A.I Sabra,
the eminent historian of Islamic science, has characterized the massive
translating activity of the ninth and tenth centuries as an “appropria-
tion” rather than a mere passive “reception” (Sabra 1987, 226-229).
These translations laid the foundation for Islam’s great contributions
to science and natural philosophy over the next four or five centuries.

Islamic contributions to the exact sciences and medicine occasioned
no concern, because those disciplines were not controversial and were
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indeed regarded as useful. Great contributions were made 1
ety of sciences by al-Biruni (a.n. 973—d. after 1050), perha : m R
far-ranging scientific writer of the Islamic world, who leftli-:f:1 h-E.
astronomy, geography, chronology, mathematics, mechamcatls-E
cine, and pharmacology, as well as other fields. The list of 151:’ [IIEdi.
entists and natural philosophers to the beginning of the fh'm A
century is lengthy and illustrious. Among the most noteworthmeemh
Khwarizmi (fl. c. o.n. 800-847: algebra and arithmetic); al-Eargim—E a]_—
a.fter A.D. 861; astronomy); al-Kindi (c. A.p. 801—c. 86,6' optics = H‘
cine, music, and natural philosophy), known as tl;e ”ﬁrsrt n:ﬂh
philosopher”; al-Battani (fl. ¢. A.D. 880; astronomy); Ibn al-H "
(a.p. 965—c. 1040; optics, astronomy, and mathematics) know::}flham
West as Alhazen; Omar Khayyam (c. a.p. 1048—. 1131; \’farious a‘s:n =
of mathematics, especially algebra in which he solved cubic equﬂ? Eﬁs
also a famous poet best known in the West for his Rubaiyat); al- h‘jh;;i“f
(fl. c. a.p. 1115—. 1130; astronomy, mechanics, and scien;:iﬁc in_strm
ments); al-Bitruji (c. a.n. 1190; astronomy and natural philosoph by
known as Alpetragius in the West. 2l
There were also a number of famous physicians, some of whom e
erted a large influence on Western medicine. No teworthy in this mEK-
are al-Razi (c. .. 854—c. 935; known in the West as Rhazes, he fw;[:
on measles and smallpox; a number of his works were trans:lated into
Latin and were quite influential); Ibn Sina (a.p. 980-1037; known in
the'West as Avicenna; his famous medical treatise was translated into
Latin and used as a textbook in medical schools under the title Cangn
of Medicine); Ibn Rushd (a.n. 1126-1198; known in the West as Aver-
roes, he was not only a physician but, like his predecessor, Tbn Sing
a famous commentator on the works of Aristotle); and Ibn al-Nafis {d‘
A.D. 1288; medicine; he discovered the lesser, or pulmonary, blood r:ir:-
culfttion). Many more names could be added to the list of Islamic sci-
entists who contributed significantly to the exact sciences and
medicine. These scientific and medical treatises did not stir any ani-
mosity or religious hostility. It was quite otherwise with natuzal piﬁ-
losophy.

_In Islamic natural philosophy, Aristotle was the major influence,
with Plato playing an indirect role to the extent that his ideas were in-
cgrporated into neo-Platonic treatises that were transiated into Ara-
bic. Plato’s dialogues were too difficult to translate into Arabic and
too difficult to utilize. Although Aristotle’s treatises were hardly easy
to comprehend, they were far more intelligible than Plato’s dialogues.
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with all of Aristotle’s works—except the Politics—available in Arabic
;h’-f ihe mid-eleventh century, the translating movement that had
et in Baghdad under the Abbasid Caliph al-Mansur (ruled A.D.
—=1.775) in the eighth century was essentially concluded (Peters 1968,
=4-61). Included in what might be called the Islamic Aristotelian cor-
us were works by Greek commentators of the fourth to sixth cen-
(wries, such as John Philoponus and Simplicius. With Aristotle’s texts
gvailable, and those of some of his late Greek commentators, scholars
in the Islamic world began to write their own commentaries as well
ssindependent works utilizing Aristotle’s natural philosophy. Among
fhe most important Islamic natural philosophers were al-Kindi, al-
Farabi (c. A.p. 870-950), Ibn Sina (see Figure 8.1), Ibn Bajja (d. A.D.
1139), and Ibn Rushd. Some of the works of each of these five natural

hilosophers were translated into Latin and had a significant impact
on Western thought. Indeed, Tbn Rushd had a great impact on West-
ot thought but virtually none in the Islamic world, where he was lit-
le known. But there were many other Islamic natural philosophers
who were unknown in the West but quite influential in the Islamic
world. In Baghdad, the intellectual center of the Islamic world, nu-
merous other natural philosophers were important in the late tenth
and eleventh centuries. Moreover, there was an important tradition of
philosopher-physicians in Baghdad and elsewhere. One of the great-
g5t was Hunayn ibn Ishaq (A.D. 808-873), an important translator of
Aristotle’s works and also an author of commentaries and original
works in philosophy, natural philosophy, and medicine. The tradition
of philosopher-physicians extends to the eleventh and twelfth cen-
turies, with Ibn Sina in the former century, and Ibn Rushd in the lat-
ter.

From the ninth fo the end of the twelfth centuries, and perhaps even
a century or two later, natural philosophy was a vibrant subject dis-
cussed and taught by numerous individuals, with a few centers where
it was especially concentrated—often at the court of a ruling caliph.
If it was vibrant during this period, its existence was also ephemeral
and precarious. Throughout the history of medieval Islam, the role of
Greek philosophy was problematic. At any particular time, there were
those who viewed it favorably, while others, undoubtedly a consid-
erable majority, viewed it, at best, with indifference, and often enough
with some degree of hostility. Occasionally, the attitude of a caliph was
instrumental in altering attitudes toward natural philosophy, but
more often attitudes toward natural philosophy and Greek thought
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- :oiish three levels (Huff 1993, 69). Because Islam was a nomoc-
B e first level was comprised of legal scholars. Religious law and
paditions were valued above all else and, therefore, valued even more
o theology. Next in order came the mutakallimun, scholars who
ol Greek philosophy to interpret and defend the Muslim religion.
s :mumkallimun emphasized rational discourse, to which they
Jdded the authority of revelation. And finally, at the bottom were the
blasifa, the Islamic philosophers, who followed rational Greek
‘hought, especially the thought of Aristotle. Not surprisingly, the
ahilosophers placed greatest reliance on reasoned argument while
ownplaying revelation. The philosophers sought to develop natural
e 1 @Phy in an Islamic environment, and, as A.L Sabra has put it,
Hid so, “often in the face of suspicion and opposition from certain
@arters in Islamic society” (Sabra 1994, 3).

Of the three Islamic groups just distinguished—namely, legal schol-
Ars, who were almost always traditionalists, the mutakallimun, and

ylosophers—the traditionalists made no real use of Greek philoso-
phy; largely because they found it a threat to revealed truth and the
lslamic faith. In their bitter struggle with each other and with the tra-
ditionalists, the mutakallimun and the philosophers made much use
- of Greek philosophy. The mutakallimun were primarily concerned
with the kalam, which, according to A. 1. Sabra, is “an inquiry into God,
and into the world as God's creation, and into man as the special crea-
wre placed by God in the world under obligation to his creator”
(Sabra 1994, 5). Thus, kalam is a theology that used Greek philosoph-
ical ideas to explicate and defend the Islamic faith.

Two groups of mutakallimun have been identified: the Mu'tazilites,
who were the more extreme, and the Ash’arites (see Hyman and
Walsh 1973, 205). Both groups shared an attitude “against the passive
acceptance of authority in matters of faith.” It was their intention to
replace the “passive acceptance of authority” with “a state of knowl-
edge ('ilm) rooted in reason” (Sabra 1994, 9). The Mu'tazilites were re-
garded as Islamic rationalists who equated the power of reason with
that of revelation (Huff 1993, 111). They are said to have “made an out-
standing contribution to Islamic thought by the assimilation of a large
number of Greek ideas and methods of argument” (Watt 1985, 54).

Figure 8.1.  Avicenna (Ibn Sina). (The National Library of Medicine.)

were governed by Muslim religi .
fluence in Parﬁcu}lfar regionsrzlsgcligizz I;E;Ciem,l who exercised great in- These arguments and methods were not adopted for their own sake
regarded as a forei ' only was Greek philosophy but rather for their utility in understanding the Islamic religion. In the

£n science, but g
ut the term philosopher (faylasuf, or ninth century, the Mu'tazilites gained the support of caliphs like al-
In the intellectual hierarchy of 5 . Mamun and Mutassim, as well as influential intellectuals. The sup-
y of medieval Islamic society, scholars portive caliphs persecuted those who opposed the Mu'tazilite belief
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tha}t the Qur’an was created by God. They implemented a v
quisition. Because many thought the rationalism of the 11"]
was extreme, Sunni Muslims often regarded them as | e
1985, 55). Their ascendancy ended with the rule of the
;!19 E\i[;[;;wwakﬂ, who destroyed their movement (see Hao
The Ash’arites, who followed the teaching of al-Ash’ari (d. a.i
are the second group of mutkallimun. They broke with M' %,D.- i
and replaced it as the main representatives of kalam. Ash’ar;: iy
ever,.vn.zas a complicated movement, with some of its followlzl’ s
phasizing rationalism, while others argued in the traditionalis e
(see Mrflkdisi 1962, 37-80; 1963, 19-39). Although both Mu'‘tazilit
Ash’arites were severe critics of the philosophers, they Wéfe et?and
selves regarded as too rational and were bitterly opposed b o
conservative Muslims, both from the Sunni and Shiite sides b -
In.treat'mg the attitudes toward natural philosophy and ;dxan

medieval Islam, it is essential to have a good sense of the {‘Eii..'l Eiﬁ:ii In
between Muslim traditionalism and Muslim rationalism, which -.:* - s
fangaged in an ongoing and bitter struggle about the role of Islame'ﬁ
intellectual life. George Makdisi provides a useful way to distin '1;:
between Muslim traditionalism and Muslimn rationalism: o

Ttual .
“taziljg

eteticy Mﬂ“
Sunng caliph

935),

'Ijhe traditionalists made use of reason in order to understand what thev ¢

sidered as the legitimate sources of theology: scripture and tradition YW']:J;;
they could not understand they left as it stood in the sources; they cﬁd ol
make use of reason to interpret the sources me taphorically. On t1’1e other hand
the rationalists advocated the use of reason on scripture and tradition; and'
all that they deemed to contradict the dictates of reason they inte lreted
?z?taphorically in order to bring it into harmony with reason. (Makdi:linl%f:!,

Th‘.e antithetical approaches of the Muslim traditionalists and the
Muslim rationalists can be illustrated directly from the mutakallimun
themselves, namely from the Mu'tazilites and Ash’arites. What was
one to make of anthropomorphic statements in the Qur‘an that speak
of “the face of Allah, His eyes and hands, his sitting on His throne
and His being seen by the Faithful in Paradise” (Arberry 1957 22)1.;
The strong tendency in Islam was to take such statements lite’rally.
Thus al-Ash’ari himself, for whom reason in theology was still im-
portant, declared: “We confess that God is firmly seated on His
throne. ... We confess that God has two hands, without asking

icic] b]‘lu}; W’Q}, _

t o &
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oW - - _We confess that God has two eyes, without asking how. ...
'I-WE confess that God has a face” (Arberry 1957, 22).

Mu’tazilites, however, viewed these same statements metaphori-
cally: God has no bodily parts; he has no parts or divisions; he is not
{inite. They also believed that “He cannot be described by any de-
geription which can be applied to creatures, in so far as they are cre-
ated. . . _The senses do not reach Him, nor can man describe Him by
analogy. - - - Eyes do not see Him, sight does not reach Him, phantasy
cannot conceive Him nor can He be heard by ears” (Arberry 1957, 23).
 am unaware of any analogous discussion in the Christian West dur-
ing the Middle Ages. Medieval Latin theologians regarded anthropo-
morphic descriptions of God as metaphorical pronouncements.

The Philosophers in Islam

OF the three groups distinguished earlier, the least popular were the

hilosophers, whom the mutakallimun and conservative Muslims at-
tacked because they used natural philosophy and logic to acquire truth
for its own sake, which usually signified that they were ignoring reli-

ion. One of the most significant Ash’arite thinkers, the famous al-
Ghazali (a.p. 1058-1111), leveled a devastating attack against
philosophy. He was fearful of the detrimental effects on the Islamic re-
ligion of subjects like natural philosophy, theology (actually meta-
physics), logic, and mathematics. In his famous quasi-autobiographical
treatise, Deliverance from Error, he explains that religion does not re-
quire the rejection of natural philosophy, but that there are serious ob-
jections to it because nature is completely subject to God, and no part
of it can act from its own essence. The implication is obvious: Aris-
totelian natural philosophy is unacceptable because it assumes that
natural objects can act by virtue of their own essences and natures. That
is, Aristotle believed in secondary causation—that physical objects are
capable of causing effects in other physical objects. Al-Ghazali found
mathematics dangerous because it uses clear demonstrations, thus
leading the innocent to think that all the philosophical sciences are
equally lucid. As al-Ghazali relates, a man will say to himself, “if reli-
gibn were true, it would not have escaped the notice of these men [that
is, the mathematicians] since they are so precise in this science” (trans-
lated in Watt 1953, 33). Al-Ghazali explains further that such a man
will be so impressed with what he hears about the techniques and
demonstrations of the mathematicians that “he draws the conclusion
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that the truth is the denial and rejection of religion. How many haya

seen,” al-Ghazali continues, “who err from the truth becauge of thig:

high opinion of the philosophers and without any other basjg” (W

1953, 33). Although al-Ghazali allowed that the subject matter -of ma;:l
ematics is not directly relevant to religion, he included the mﬂﬂ'lﬂmat‘
ical sciences within the class of philosophical scienceg [f-e-
mathematics, logic, natural science, theology or metaphysics, pnliti;:[;‘
and ethics) and concluded that a student who studied these :-.::ir:-nnaé
would be “infected with the evil and corruption of the phiinsuphgr's
Few there are who devote themselves to this study without Ine[n1

stripped of religion and having the bridle of godly fear removed from

their heads” (Watt 1953, 34).

In his great philosophical work The Incoherence of the Philosophers, y)-
Ghazali attacks ancient philosophy, especially the views of Aris-tr_’mtle
He does so by describing and criticizing the ideas of al-Farabij and ﬂwi:
cenna, two of the most important Islamic philosophical commentators
on Aristotle. After criticizing their opinions on twenty philosophical
problems, including the eternality of the world, that God knows only
universals and not particulars, and that bodies will not be l't"ﬁul'rt.'{:ie;j
after death, al-Ghazali declares: “All these three theories are in violent
opposition to Islam. To believe in them is to accuse the prophets of
falsehood, and to consider their teachings as a hypocritical misrepre-
sentation designed to appeal to the masses. And this is blatant hlas-
phemy to which no Muslim sect would subscribe” (al-Ghazali 1963,
249).

Al-Ghazali regarded theology and natural philosophy as dangerous
to the faith. He had an abiding distrust of philosophers and praised
the “unsophisticated masses of men,” who “have an instinctive aver-
sion to following the example of misguided genius.” Indeed, “their
simplicity is nearer to salvation than sterile genius can be” (al-Ghaz-
ali 1963, 3). As one of the greatest and most respected thinkers in the
history of Islam, al-Ghazali’s opinions were not taken lightly.

In light of al-Ghazali’s attack on the philosophers, it is not surpris-
ing to learn that philosophers were often subject to persecution by re-
ligious leaders. Many religious scholars regarded philosophy, logic,
and the foreign Greek sciences in general as useless and even ungodly,
because they were not directly useful to religion. Indeed, they might
even make one disrespectful of religion (Huff 1993, 68). In the thir-
teenth century, Ibn as-Salah ash-Shahrazuri (d. a.p. 1245), a religious
leader in the field of tradition (hadith), declared in a fatwa that “he wha
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studies or teaches philosophy will be abandoned by God'’s favor, and
eytan will overpower him. What field of learning could be more des-

sicable than one that blinds those who cultivate it and darkens their
hearts against the prophetic teaching of Muhammad.” Logic was also
rrgeted, because, as Ibn as-Salah put it, “it is a means of access to phi-
Jpsophy. Now the means of access to something bad is also bad”
(E;oldziher 1981, 205). Ibn as-Salah was not content to confine his hos-
flity to words alone. In a rather chilling passage, he urges vigorous
sction against students and teachers of philosophy and logic:

Those who think they can occupy themselves with philosophy and logic

merely out of personal interest or through belief in its usefulness are betrayed

and duped by Satan. It is the duty of the civil authorities to protect Muslims
against the evil that such people can cause. Persons of this sort must be re-
moved from the schools and punished for their cultivation of these fields. All
thase who give evidence of pursuing the teachings of philosophy must be
confronted with the following alternatives: either (execution) by the sword or

[(tonversion to} Islam, so that the land may be protected and the traces of

those people and their sciences may be eradicated. May God support and ex-

dite it. However, the most important concern at the moment is to identify
all of those who pursue philosophy, those who have written about it, have
faught it, and to remove them from their positions insofar as they are em-
ployed as teachers in schools. (Goldziher 1981, 206)

Although many others shared the attitude of Ibn as-Salah, logic con-
tinued to be used as an ancillary subject in scholastic theology (kalam)
and in many orthodox religious schools. But there was enough hos-
tility toward philosophy and logic in Islam to prompt philosophers to
keep a low profile. Those who taught it did so privately to students
who might have sought them out. Following the translations in the
early centuries of Islam, Greek philosophy, primarily Aristotle’s, re-
ceived its strongest support from a number of individuals scattered
about the Islamic world. As we have already mentioned, al-Kindi, al-
Razi, Ibn Sina, and Ibn Rushd were among the greatest Islamic
philosophers. All were persecuted to some extent.

Al-Kindi’s case reveals important aspects of intellectual life in Islam.
The first of the Islamic commentators on Aristotle, al-Kindi was at first
favorably received by two caliphs (al-Mamun and al-Mutassim), but
his luck ran out with al-Mutawwakil, the Sunni caliph mentioned ear-
lier. According to Pervez Hoodbhoy, “It was not hard for the ulema
[religious scholars] to convince the ruler that the philosopher had very
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dangerous beliefs. Mutawwakil soon ordered the confiscation .
scholar’s personal library. . .. But that was not enough. The r.'!-::ty-. Hm
old Muslim philosopher also received fifty lashes before a lﬂrge CEBT
which had assembled. Observers who recorded the event sa i
crowd roared approval with each stroke” (Hoodbhoy 1991, 1 11]-.' The
other four scholars were also subjected to some degree of F‘Efﬁﬂfuﬁﬂ;ﬁ
and a number of them had to flee for their safety. '
Persecution and harassment of those who advocated the use of yag.
son to explicate revelation are unknown in the medieval Latjp "%Et
after the mid-twelfth century, when, as we saw in chapter 5, Bernard.
of Clairvaux and other traditional theologians opposed the appiica.
tion of reason to theology. In his relentless assault on Peter Abelard,
Bernard undoubtedly had much in common with Islamic traditional.
ist theologians. Bernard’s hostile attitude lingered on into the first
forty years of the thirteenth century, but only at the University of
Paris, where church authorities first banned the books of Aristotle

from public or private use, then sought unsuccessfully to censor then,

By the 1240s, however, Aristotle’s books of natural philosophy weps:
taught and read at the University of Paris. Indeed, they had become.

the core of the curriculum in the arts faculty of that great medieval
university (see Grant 1996, 70-80). After the 1240s and for the rest uf
the Middle Ages, attacks on reason would have been regarded s
bizarre and unacceptable. Some theologians were opposed to certain
of Aristotle’s ideas, but, like Saint Bonaventure, they used Aristotelian
natural philosophy and fully recognized that they could not do the-
ology without it. Scholars were sometimes accused of heresy, and oc-
casionally the church tried to curb the excessive use of logic and
natural philosophy in theological treatises, but I know of no instance
where religious authorities sought to prevent the study of natural phi-
losophy because it threatened religion. Indeed, as time passed, Aris-
totelian natural philosophy only became more entrenched in the
medieval universities. By the time of the Galileo affair in the seven-
teenth century, the church went to great lengths to defend and pro-
tect Aristotle’s natural philosophy.

How different it was in Islam, if we judge by a question that Jbn
Rushd (Averroes) posed in the twelfth century in his treatise On the
Harmony of Religion and Philosophy (see Figure 8.2). In this treatise, Ton
Rushd sought to determine “whether the study of philosophy and
logic is allowed by the [Islamic] Law, or prohibited, or commanded—
either by way of recommendation or as obligatory” (Averroes 1976,
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Figure 8.2. Averroes (Ibn Rushd), the Commentator. (Woodcut portrait, Wellcome
Library, London.}

44). In the thirteenth century, Ibn as-Salah ash-Shahraz}Jri, an expert
on the tradition of Islam whom we have.already met, lE.‘.SLlEfl a wgt—
ten reply (fatwa) to a question that asked, in Ignaz Qoldz1her s v.vm.'bls,
“whether, from the point of view of religious law, it was permissible
to study or teach philosophy and logic and f.ur.t:her, whether it Wai‘
permissible to employ the terminology of.19g1c in the elaboratmr} zt
religious law, and whether political authorities ought to move e}alga:m d
a public teacher who used his positio)n to discourse on philosophy an
i it” (Goldziher 1981, 205).

Wr\j:fil:?;u:emagkable in all this is the fact that, in the twelfth cent:l]j.ul.‘ly,
Ibn Rushd and, in the thirteenth century, Ibn ab:-Salah were g}‘appl- ] ‘f
with the question of whether, from the standpoint of the religious law,
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it was legitimate to study science, logic, and natural philosophy, evin
though these disciplines had been readily available in Islam siryea th
ninth century. Ibn Rushd felt compelled to justify their study, \whila
Ton as-Salah, astonishingly, denied their legitimacy (as we saw arljuy
in this chapter). I know of no analogous discussions in the Jate Latin
Middle Ages in which any natural philosopher or theologian felt ¢y,
pelled to determine whether the Bible permitted the study of sacyls;
subjects. It was simply assumed that it did.

Even so enlightened an author as Ibn Khaldun (a.p. 1332~1406) wae
hostile to philosophy and philosophers. On the basis of his great fy.
roduction to History (Muqaddimah), Tbn Khaldun is regarded as the firg
historian to write a world history. According to Franz Rosenthal: “Tha
Mugaddimah was indeed the first large-scale attempt to analyze the
group relationships that govern human political and social organizs.
tion on the basis of environmental and psychological factors” (Roseri-
thal 1973, 321).

Despite his brilliance as an historian, Ibn Khaldun included a chap-
ter in the Mugaddimah titled “A refutation of philosophy. The cormup-
tion of the students of philosophy” (Ibn Khaldun 1958, 3:246-258), In
this chapter, Ibn Khaldun condemns the opinions of philosophers as
wrong and proclaims to his fellow Muslims that “the problems of
physics are of no importance for us in our religious affairs or our liveli-
hoods. Therefore, we must leave them alone” (Ibn Khaldun 1958,
3:251-252). He regarded the study of logic as dangerous to the faith-
ful unless they were deeply immersed in the Qur’an and the Muslim
religious sciences to fortify themselves against its methods.

When religious authorities in a society are fearful of the effects of
natural philosophy on religious beliefs, and are also sufficiently in-
fluential to curtail and weaken the impact of science and natural phi-
losophy on the faithful, they will almost certainly use their powers to
limit the spread and dissemination of those secular disciplines. This
scenario is avoidable only if at least three conditions exist: (1) Natural
philosophy is widely regarded as an independent discipline worthy
of study; (2) The state supports and protects natural philosophy; and
(3) The religious authorities regard natural philosophy favorably.
Without the third condition, it is unlikely that the first two conditions
could be attained. In Western Europe during the late Middle Ages, tiwe
third condition was clearly in effect, which enabled the first condition
to come into being.

None of these conditions were met in Islam, perhaps because Islam
is a theocracy in which church and state form a single entity. There i
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no secular state apparatus distinct from the Islamic religion. As a con-
uence, the schools, or madrasas, had as their primary mission the
waching of the Islamic religion, and paid little attention to the foreign
gpjences, which, as we saw, were comprised of the science and natu-
ral philosophy derived ultimately from the Greeks. The analytic sub-

~acts derived from the Greeks certainly did not have equal status with

wligious and theological subjects. Indeed, the foreign sciences played
a rather marginal role in the madrasas, which formed the core of Is-
famic higher education. Only those subjects that illuminated the

‘an or the religious law were taught. One such subject was logic,
which was found useful not only in semantics but was also regarded

a5 helpful in avoiding simple errors of inference. The primary func-

tion of the madrasas, however, was “to preserve learning and defend
orthodoxy” (Mottahedeh 1985, 91). In Islam, most theologians did not
ard natural philosophy as a subject helpful to a better under-
standing of religion. On the contrary, it was usually viewed as a sub-
ject capable of subverting the Islamic religion and, therefore, as
potentially dangerous to the faith. Natural philosophy always re-
mained a peripheral discipline in the lands of Islam and was never in-
stitutionalized within the educational system, as it was in Latin
Christendom. Hence, it was never able to create a large body of stu-
‘dents who would use the techniques and methods of natural philos-
ophy to approach nature and its operations in a wholly rationalistic
manner. The absence of a large body of students trained in natural
philosophy may well have affected the exact sciences, which eventu-
ally faltered and faded. Many of the problems of the exact sciences are
dfawn from natural philosophy. Without a vibrant, inquisitive natu-
ral philosophy that has substantial societal support and encourage-
ment, the exact sciences are not likely to receive the requisite degree
of intellectual stimulation to make dramatic advances. They are likely
lo stagnate and eventually grind to a halt. This is perhaps why the
great initial promise of Islamic science and natural philosophy failed
to come to fruition, so that between 1500 and 1600, the science and
natural philosophy of Western Europe surpassed that of Islam.

THE LATIN WEST

Prior to this chapter, I focused on the relations between science and
religion in the Latin West, and it is therefore unnecessary to summa-
Tize what has already been said. Instead, I shall compare the natural
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philosophy in the West to its fate in the Byzantine Epyps 4
concentrating much more on the iatter than the me?;Em el -13!“\'
Because the three civilizations with which we are CONCETNA yous
intensely religious, the attitude of the religious authoritieg toy ""'ﬁi
secular natural philosophy that was derived essentially fmmwi
Greek sources is a vital consideration. If that attitude wag suff; m
fearful, and even hostile, it is not likely that natura] hi [mﬁphy :“uu.:
have flourished. Although clerics in all three civilizati :

Bons had prof.
lems with Aristotle’s natural philosophy, those in the

embraced it with a zeal and enthusiasm that wag truly aﬁtﬁnislupjg‘-'j
By the end of the thirteenth century, natural philoscnphy and logic
served as the basic curriculum in the arts faculties of alf m

versities.

Perhaps the most striking development in the West was the churehy

€ager acceptance of Greco~Arabic (or Greco-Islamic) natura] philosye
Phy and science. The path to this acceptance had been prepareg ovor
many centuries, as Christians first arrived at a state in which they were
willing to accept secuiar Pagan learning as the handmaiden tq thep:
ogy and it was understood that a good Christian would Study sugh
subjects only to the extent that they shed light on the Christian faith.
When Aristotle’s natura] philosophy reached the West in the bvplfth
and thirteenth centuries, some, if not many, Christian thealogians
were alarmed at certain of Aristotle’s opinions about the physical
world, and they sought to ban and then censor his views, By the end
of the thirteenth century, however, Aristotle’s natural philosophy was
no longer a contentious issue. It had been so thoroughly embraced

signified that the Catholic Church and its theologians had fully em-
braced and accepted Greco-Arabic science and natural ‘philesophy,
Without this acceptance, natural philosophy could not have become
the basis for a liberal arts education in medieval universities and
would therefore not have been institutionalized throughout Western
Europe.

It is important to point out that not only did university-trained the-
ologians fully accept and embrace the discipline of natural philoso-
phy, but many, if not most, of them were eager and active contributors
to the literature of natural philosophy. It is for that reason that it is
wholly appropriate to call them “theologian-natural philosophers.”
They were equally at home in both disciplines and were keen to im-

Wast EVetitually )

edieval unj.
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i hy as they could into the resolution. of

s " gglt:;fs], Iiiflﬂiolzofvggding al):ny temptations to tht?ologlze
o kﬂl‘ & hy. This explains why some medieval theologians can
e hIlﬂsj:.t]:]?’: ti{e best of the secular natural philosophers, such as
! atfﬂ-d Wland Albert of Saxony. Some theologians, such as Alber-
. i g d Nicole Oresme, were clearly superior to thgm. ‘
. atl;lons theologians in the West were full participants in

i E;:Len! a;1d dissemination of natural philosophy. They mad.e
,mdt“-_’ﬂl'-"f-f" r the institutionalization of natural philosoph)r in t_he uni-
i n'ﬁ?ll-llef (:he late Middle Ages, and therefore its extensive Fllsseml-
e 0 thing like this occurred in the Byzantine Empire or in Islarr'l.
i N;')l t u% Islam there was often overt hostility to flal-ural phi-
Eﬂ;‘; ar?d to natural philosophers, who were derisively called
-philmggﬂﬁéologians in the West embrace natural philosophy and
[,:,;::;h;; ardently? There can be little doubt that ;chei); x:f;eeic;r;;::tizﬁ
e diSCiPliI:'St vgzrizss:l?;?é;fn:gzczzg ﬁ the conception of
* attitu :
ﬂ::s:ih;ﬁll;}:;hy as the handmaiden of theology, an attitude that

W jé formed in the early centuries of Christianity. Over the centuries,

i i in dealing with problematic
ians had gained much experience in . :
Th:n_?;; gilftn;aturaﬁ philosophy that were potenuallythsulsk\lrerflvg osf
g i i fits the theologian
i 1 analysis, the benefits
church doctrine. In the fina s i
aght they could derive from the study an us :
;gl Ej‘ theol):agy, and for its own sake, far outweighed any feelings of
easiness they may have felt. .
m.le’\.”ist]:I regard to natural philosophy, which, as Icll1ave ar.gui;l, t::satt};e
i i i for early modern science, -
vital element in preparing the way e atth
i hurch they served was ins
e of the theologians and of the ¢ . nstr
nt::;te?l firstly, in permitting natural philosophy to c.levelltolzi az ;td d;g,
= 1 ibuting significantly to the rationalistic -
and secondly, in contributing signi : © and an
i i 1 philosophy. There was nothing
alytic nature of medieval natural p ‘ | ing ke
i i d clerics of medieval Byzantiu :
this among the theologians an : . di antium and
it i i basic hostility toward the
Islam. Indeed, it is very likely their . d the claims
i de it, at best, a peripheral activity.
of natural philosophy that ma 3 . o 0
t, natural philosophy
flourish, and take deep and extensive root, na phil o
’ i thin which it functions
i tolerant attitude from the society wi . !
%;11::: l?as to be a strong sense that natural philosophy p;omdjsé tl;]:
7 i i f the natural world.
t understanding of the operations o L n
Eizmo t;rt;re was no such confidence in the powers of natural philos
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ophy. It was far better, ma
rr}a.kers believed, to trust i?fd'cl]tf gﬁﬁ:: :;illlihthe‘)lo :
dmgns to understand and cope with the wo:l:‘d o ari:d
izlr::'lh;gn oflna't'ural philosophers—the fa!ﬂsiﬁ;__wa‘sTo trust iy the:
Muslin ‘sif;ss as dangerous. As F.E. Peters gy IT:EEJdEd h}'“ﬂnj
: adical falsafah, Islamic orthodox reten - hen ey
na';mn and frequently with violence” (Peters 1y9;ga3t§d Wwith dﬁl‘efﬂﬂ-
o ;i gzr;:lh::: ttll:ls comparison of the relations b:atwgt):,-' e} A
. ree great medieval civilizati ey ke and
profound difference for last—: o ave left the
state (see chapter 4 for a brief dflamel_y, ) ChumhMt
S 1scussion). The manner in wh; ang
flanity dev pe provec% favorable to the theoretica] ch Cheey
o Chagls ! state. As a minority religion within the vas:EI?aI a.ﬁn.ﬂ. of
pir : wer; 131'15 wanted freedom to worship, and if this wert;man o
B-bi( vere quite prepared to be good citizens of the Rom i
ible itself offered strong support for separation. In hi: Ill-‘-hmm- bl
:Eg:lsg I:Z tl::xgsu::ryhby the Pharisees as to whether hisdfr:;;::s =
should p: grr e (c; the Romann emperor, Jesus urged that the Wery
aer therefore 0 Ce;lesa'lr”the things which are Caesar’s; and Luft Ren-
fhe thir egand t :r: h'odf s (Matt. 22:21). Thus did Jesus ﬂcknnwt; gnd
the stat iames-g is followers to be good citizens. A Chnshanl.h‘f 5
fwo Statg e : on}(la to God and the church, and the other tg the d.
! Conﬂic.t w.ﬂ(l)ug churc_h and state within Christendom were u?fc‘
o pre;ented g:e;eekmg to dominate the other when the o -
PG S i frc; , each nongtheless recognized the other as Enp?:
Roman Empire,tgnd tiéi?)gsei];m?an e’f}?f-‘fience - Within‘ th;
cratic state,_ made the establishrer?:( E?thtﬁgﬁéizl SulI;PCt’;t fof a‘th?nl
glull;Ch unlikely. Ironically, a theocracy clevelopec?{y wi}trhinel;l{;I psi
rthodox _Church of the Byzantine Empire. This state of aff. ; GFDE]f
Elr:dt;t:hdomg of the C.hlfl'Ch but rather of the Roman Emper::;S ﬂ?:
made aevzzs;f;nvgl;;snnzr; ;htEZCh subolr(iinate to their rule ancIi pro-
: ocra own a ism
:;rlhu:hl 'the emperor was head of bothcc):,hurch andss(t:z:z.sﬁg?iilzrlb v
;;2 1]§>hs were regar.ded as heads of both church and state o
Separatey:}e:sge EI;Iplre and Islam paid a heavy price for failing to
e and state. In both societies, Aristotle’s natural phi-
passedyideas :ffiarcoilccl:e?:csptc;::?tj:]ly iangemus e
ere i igi
because it was often felt that scholars wl?cit;gacigegot?o ﬁigclfc:r:)srl :12;1

—
religious 15 d Opitif
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would either neglect religion or come to regard it as
or t0 aatural philosophy. Islam’s failure to separate church and
itutional advantage it had over Western Chris-

i aullified ant insti
om. Where the latter was organized as a centralized, hierarchical

Jjon with a single individual—the Pope—holding ultimate power,
was 2 decentralized religion with no hierarchical structure.
What power there was derived from local religious leaders who drew
N on the support of their fellow Muslims. Under these circumstances,

%\'é might expect that freedom of inquiry and the cultivation of a vi-
fjmm, sustained natural philosophy would have been more likely to
- ecur withi the decentralized Muslim religion than within the highly
entralized Catholic Church of Western Europe. As we now know, the

verse occurred: the West developed a lively natural philosophy,
slam natural philosophy became a peripheral and suspect

whereas in 1
discipline, whose study could even prove dangerous.
f church and state in Western Europe, however,

The separation o
roved an enormous boon to the development of science and natural
h did not view natural philosophy as a disci-

'thOSOPhy. The churc
eologized or made to agree with the Bible. Al-

Jine that had to be th
‘though the church felt threatened in varying degrees by Aristotle’s

natural philosophy in the first three-quarters of the thirteenth century,

jy the end of that century Aristotle’s natural philosophy was fully ac-

cepted by all, and it formed the basis of a university education. Al-

though the Byzantine Empire fell to the Ottoman Turks in 1453,
Western Christianity continued on with its separation of church and
state. Indeed, as the centuries passed, some nation states of Europe
became as powerful as, if not more powerful than, the church, which
had a diminished capacity for influencing science and natural philos-
ophy. With the advent of the Protestant Reformation, the sphere of in-
Auence of the Catholic Church diminished further. As the nation states
gained parity with the church and then surpassed it in power and in-

fluence, science and natural philosophy had as much, if not more, i0
fear from the state as from the church. Although this was not a prob-
lem during the late Middle Ages, it became one in the twentieth cen-
tury, as Nazi Germany and the Soviet Union bear witness. With regard
to these two European states, the traditional problems between sci-
ence and religion became problems between science and the state.
The separation of church and state that was an integral part of West-
ern Christianity from its outset was of momentous significance. It
made numerous institutional developments feasible that might not

j philosophy
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otherwise have occurred. Indeed
. ) , the very g i
losophy into the faculty of arts and the loiat(igg:rgﬁ?;leglf
logy in

arate faculty of theolo e
. _ 8Y reveals an understand; W Sep.
different subject areas that require very differenirii_::tmg the at.tT}th ) “ﬂ;.:
L The j

est benefit for science and religion is that each w
:; g:tvgiot}; én?lependently of the ‘other, although ::elre;ti;zl?ﬂwr fr
e or ! ologian was free to incorporate ideas and ¢on Vldu.al i
e fa ;gfo the other. Above all, however, the fear ‘-‘E’pts.
S ;1 attlicted all too many lIslamic and Byzani;i‘:‘{tl d
i Sta}: ers ;vas largely absent in the West. The Stf_'p-':lrai:icmefr.:ﬂmral
o and(i;aatl;llr ltI’u—:;l f-malogous disciplinary distinction beme'i;hu_rmﬂ
B Oaf tE ilosophy, made possible the independent dev:l:m-k'
e esehtwo fundamental disciplines. Indeed it is th-
o el E?d tlosophy permee.ited theology to so great an’extéx:tmm
e 1t into an analytic discipline, whereas theolo ‘ li'agt
Tsh nfo effect on the development of natural philosoph Srhadas
- an;s, :(::t?;s thafc:1 can .p.rod.uce a separation between chu?:ch and sta
e ty a;n civilization are largely rooted in the re],igi()us~ 3
o 1;;:es t! a‘t shape that sgciety. Those factors were largel ﬂ:;i
e v\);;;nMe and Islam_lc civilizations, but were manﬁ};gfl
B e em‘Europe during the Middle Ages and thereaﬁn-f
Droca e garahon of church and state, and the developments tha;
) consequence, the West would not have Produced a
rope by virtue zitggaéxﬁzic;izphﬁhaiw?s e i ol
_ network of universities, whi id the
:iggriz:z?hfor the great scientific advances made in thetf:f::aiifatnh&
: centuries, advances that have continued to th l
o e present

Ultepe-

Rt

Primary Sources

The source readings presented below illustrate some of the major
ideas discussed in the book: the handmaiden concept of science and

natural philosophy with respect to religion and theology (Reading 1)

and beliefs of philosophers that were regarded as errors with respect
o the faith (Reading 2). The final four readings concern issues rele-
vant to God’s power and the cosmos, namely arguments about the
eternity of the world (Readings 3 and 4); and the way medieval nat-
ural philosophers discussed hypothetical situations about our world
and the possible existence of other worlds {(Readings 5 and 6).

__1_.

Roger Bacon (A.D. 1214—c. 1292)

The “Opus Majus” of Roger Bacon. A
translation by Robert Belle Burke. 2 vols.
Philadelphia: University of Pennsylvania

Press, 1928. Vol. 1, pp.65-67, 72-74

PHILOSOPHY AND SCIENCE ARE WORTHLESS IN THEMSELVES BUT ARE
VALUABLE AS HANDMAIDENS OF RELIGION

In this selection, Roger Bacon forcefully advocates the handmaiden ap-
proach that many Christians had adopted. The handmaiden concept was
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a co_nf_lpromise between rejection of it i
qualified acceptance. The handmaid;r:atdr:;?tri]iiaa?g le}e)arn}
church‘fathers, most notably Clement of Alexandria Soe_gl
an;l Saint Augustine. Bacon urges Christians to stugd s
philosophy solely for their utility in explicating and -
ture and the articles of faith. SR
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CHAPTER XV

HhE_i\TCE it fpllo?vs_ of necessity that we Christians ou
E) ilosophy in dlvm.e things, and in matters pertaining to philaspmh
i e:ssl:lme.many tl'nngs belonging to theology, so that iti]?.; -
: att Iir‘e 15 one wisdom shining in both. The necessity of ﬂ-jg .
Oc;: f;taf lish not only on account of the unity of wisdom but‘ hI e
ort 'ih act that we must revert below to the lofty expres;ions Tm'lse
andailn tﬁnd th;eoh;g);,1 which we find in the books of the phjlu:z]:;
€ parts of philosophy: so that it is not st e
: range that in
tog;i'ﬁr I S}?'OUId touch upon the most sacred truths, sinfe God E;Ph}lﬂﬂ-
h ep 1losopher§ many truths of his wisdom. The power of Sﬁf‘h‘tﬂ‘l
:P]l y must be apphed to sacred truth as far as we are able for Ehﬂm*
(;‘1 .fnce of phillosophy does not otherwise shine fé)rth Se;x-
o h;Iosophy considered by itself is of no utility. The unb :1' Pt
Eot OISOP?;II.fI have been condemned, and “they knew God ;;flxnli'd
glori im as God, and therefore b : :
their own thoughise e e > became fools and perished in
{ ; refore philosophy can h
cept in so far as the wisdom of God red i " thet o et
: required it. For all that is left i
In error and worthless; and for this r that i, 1
. : ; eason Alpharabius [that is, al-
11::2:; Ll‘:t;slal?:mhr}&tfal philosopher] says in his book cEn gd{:;lci
ught child holds the same position with 1 ;
: : _ espect to
g;s:’ Srn‘i:; én ph&a}iop};y as such a man does toward theprevelatailo‘:?;
om. Wherefore philosophy by itself is nothi i
' : ref thing, but it th
receives vigor and dignity when it is worth me the e
. Yy to assume the sacred wis-
i,oi?{c ll‘\;{;)sfo;er, the study of wisdom can always continue in this“l?fse
» Décause nothing is perfect in h i i
: uman discoveries. There-
‘s;ehw;feoi ;tgtee; ?fte sglol..llci Sglpply what the ancients lacked, because
O their labors, by which, unle ’
can be aroused to better thin ince it i ; e
: : : 88, since it 15 most wretched to be always
;1as11;g 013 discoveries and never be on the track of new ones, as Bovt-‘:rtai?:s
¥8, and as we proved clearly above in the proper place.’Christians

Sion,
:51 jieving philosophers, not only because we are of a later age and
" ht to add to their works, but that we may compel the wisdom of

& I;’lm-l(-_,sol:ahers to serve zealously our own. For this the unbelieving

ght to em play
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ise ought to handle all matters with a view to their own profes-
which is the wisdom of God, and to complete the paths of the

.hilosophers do, compelled by truth itself as far as it was granted
m: for they refer all philosophy to the divine wisdom, as is clear
m the books of Avicenna on Metaphysics and Morals, and from Al-

harabius, Seneca, and Tullius [that is, Cicero], and Aristotle in the

Metaphysics and Morals. For they refer all things to God, as an army

¢ its chief, and draw conclusions regarding angels and many other

things; since the principal articles of the faith are found in them; for

45 will be set forth in the morals, they teach that there is a God and

{hat he is one in essence, of infinite power and goodness, triune in
rsons, Father, Son, and Holy Spirit, who created all things out of

nothing; and they touch on many things concerning Jesus Christ and

the Blessed Virgin. Likewise also they teach us of Antichrist and the
angels and of their protection of men, and of the resurrection of the
dead and of future judgment and of the life of future happiness prom-
jsed by God to those obedient to him, and of the future misery which
he purposes to inflict on those who do not keep his commandments.

They write also innumerable statements in regard to the dignity of

morals, the glory of laws, and concerning a legislator who must re-

ceive the law from God by revelation, who is to be a mediator of God
and men and a vicar of God on earth, the Lord of the earthly world.

When it shall be proved that he has received the law from God, he

must be believed in all things to the exclusion of all doubt and hesi-

tation; who must direct the whole race in the worship of God and in
the laws of justice and peace, and in the practice of virtues because of
the reverence of God and because of future felicity. [We must avail
ourselves of their teachings] because they wrote that the worship of
idols should be destroyed, and because they prophesied of the time
of Christ. From whatever source the philosophers got these statements
and similar ones, we find them in their books, as a clear proof will
show in what follows, and any one can discover the fact who cares to
read through the books of the philosophers. For we cannot doubt that
these things were written by them, from whatever source they re-
ceived them. Nor should we be surprised that philosophers write such
statements; for all the philosophers were subsequent to the patriarchs
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?nd Prophets, as we brought out above in its
ore they read the books of the prophets
the sacred text. e

p rOPEI' place |
Patriarchs o and thy

-

CHAPTER XIX

MORE i i
enc and sim’ A e she Eon PRy 1S ol plilosophy g
I}Zﬁrta.mmg to the end, as AristotII: psZ;esS i?\ I"ECESSlty o thOSé t;:;
ysics, therefore speculati i P o 1 e
i R peculative science always aspires to itg g
and eler ecu;a ie to l_t, and seeks usefy] paths to this eng OWN end,
phﬂosop}; o lll‘;i 1}1::hllosophy is able to prepare the princi’ ;? - ol
ph unbeng.vm » lerefore are the two parts of wisdom relfat:c.l? i
phy moral scieﬁi ;}fiﬁrsg;oegér‘zith o] poadents of F;I?:;E
phy ciences and perf i :
Chricsl: ::;ir:;hthe greater Philosophy of the ungeli:\f;ig tlls-;lem‘EE'HHEMr
o Specmations which are in their nature divine. And this eﬁdf?::; %
lievers tas it OWPre;t:ldmg: Just as the moral philosophy of the i
bl 1;11-W ere is therefore the same relation betweelr'lnhe‘
Ch V1w addet een the speculations; but the end, name] I ﬂw
e an I f;ith t:s 0 tl*fe la_w of the philosophers the formulla,tg::,[ =
so that there ma): bg’ 0‘:’1:1231111;3(1:2;: I;::e; theh1 a‘iv e Philﬂﬁrﬁ‘!;‘:;
assumes t'he laws and morals of philo:;o Ol: t :s e e ot ke
?(e::;et(;i] xlt::zla?id in the pra'cti.ce of theolgg;:’ and"\(r:i’ S:: éislil:ii ']IJ'{; .
O e betns of Ctans procding e oun i ot
© ] ose things whic
mac)lf ]:;;)Sx;e ‘L};foizvl\; of_ C}.mst, in order that ogne con?palgfea:;ee;zlft?;nh
unbeﬁevh:lg 0% eglllnm?g must be the speculative philosophy of the
i E e oslcg) ers; a.nd the complement of this must be adde;d
o e th_ance with the peculiar characteristics of the Chris-
fins e for is reason the complete philosophy among Chﬁs-—
i Ut I:}llut.‘h m01ie }?rofound knowledge of divine thin -
o i tgo e u.nbehev.mg philosophers; and for this reasgz
ered, so that tghey mci:;lr:flie;kil?tlzici)i)a}l;}ir afS B i e
e . e for its own end:
Whicﬂi?;grut;'l;glgis Ipust bfe added in the philosophy of ﬂi’ éﬂfmttl::nri-
o of thmbel er\.rlpg Rhllosophers could not know. And there are rez;
ey thIsmg in us fl:om the faith and from the authorities of
of the sacred writers, who are acquainted with philossg-
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nd they can form the common points of complete philosophy
eology. And these are recognized by the fact that they must be
o to believers and unbelievers, so that they may be so well
Lnown, when they are brought forward and proved, that they cannot
;he.:ﬂfeﬂied by the wise and those instructed in the philosophy of the
ynbelievers. For the unbelieving philosophers are ignorant of many
\hings at present concerning divine matters, and if these were suitably
ol hefore them and proved by the principles of the complete philoso-
iy that is, by the vivacity of reason, which has its origin in the phi-

elievers, although completed by the faith of Christ,

fosophy of the unb
i would receive it without contradiction and would rejoice in re-

ward to the truth set before them, because they are eager for wisdom
and are more studious than Christians. I do not say, however, that any
| articles of the Christian faith should be received on

|I nne Of the Specia
rial, but there are many common rational truths, which every wise

man would easily accept from another, although he might be ignorant
of them himself, as every man studious and desirous of knowledge
loarns many things from another and receives them by rational argu-
ments, although he was formerly ignorant of them.
Those philosophizing should not be surprised, therefore, if they must
needs raise philosophy to the level of divine things and theological
truths and the authorities of sacred writers, and employ these freely
whenever the occasion arises, and prove them when necessary, and by
means of these prove other matters; since without doubt philosophy
and theology have much in common. The sacred writers not only speak
as theologians, but as philosophers, and frequently introduce philo-
sophical subjects. Therefore Christians desiring to complete philosophy
ought in their works not only to collect the statements of the philoso-
phers in regard to divine truths, but should advance far beyond to a
point where the power of philosophy as a whole may be complete. And
for this reason he who completes philosophy by truths of this kind must
not on this account be called a theologian, nor must he transcend the
bounds of philosophy; since he can handle freely what is common to
philosophy and theology and what must be accepted in common by be-
Jievers and unbelievers. There are many such matters besides the state-
ments of unbelieving philosophers, which belonging as it were within
the limits of philosophy the man philosophizing in the right way should
collect, wherever he finds them, and he should assemble them as
though they were his own, whether they occur in the books of the sa-
cred writers, or in the books of the philosophers, or in sacred Scripture,
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or ln the histories, or elsewhere. For there i
}3e31des his maif*l theme inh.'oduce incidentallfyr:c))r::hor o "”.*E
ecr)llzgselgewhere, and for this reason there s a Iinkinmatters Whicly
every,onzc:\:;soe 1-?:;1:21 thing In @ manner is dependent on agggyey o
s oo e e}i a subject in the way he should must assi 1er. By
hoongs Wh;rev [‘;V a.t 1s necessary and what befits itg Wf:g:l: W"l'!‘l
e eore wher e; e finds thesa.e things he knows, how to 1 r~ : a."d
s o ;31-0 er 811'8 ore he must seize them as his own and ma;’mimﬂw
in their pr pau t}; aces. For this reason the philosophizing Chrgqﬁe them
it Otherywriﬁnorltges'and various reasons and very many :l a‘“ fﬂh
A belgs es1des. the books of the unbelieving phi ]nﬁgizﬁmw
st b T o o omn 1 ey
. unbelievers and belj ] ;
E; ul;to:hciisogs,dtcl;leret will be no perfecﬁng, but much los]s:‘.e g;‘:liif v
st thisbe d nr:fl f c?implete philosophy, but because of Christian Sm"'r'
b subfoct 1o streduce all truth to divine truth that the formef .
i | serve.the latter; also for this reason that the s
phy of the unbelievers is essentially harmful and has no valueih;dﬂ?g
Onsid-

ered by itself. For philosophy in i
: phy in itself leads t i
therefore it must be by itself darkness emclS Irc:i;l;e Pindness of el ang

— 2

Giles of Rome (c. A.D. 1243-1316)
_ Errores Philosophorum. Critical text
with notes and introduction by Josef Koch
_ English translation by John O. Ried] '
Milwaukee, WI: Marquette University Pl.'ess
194_4, PP-3, 11-15, 25. Reprinted with ’
permission of Marquette University Press

ERRORS OF THE PHILOSOPHERS: PRELUDE TO THE
CONDEMNATION OF 1277

;’:r; Zgotr; a;t)trit?uted to Aristotle and Averroes by Giles of Rome in 1274
e Dasis for many of the errors condemned at Paris in 1277. Of

8 togethar of g
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HERE BEGIN THE ERRORS OF THE PHILOSOPHERS
ARISTOTLE, AVERROES, AVICENNA, ALGAZEL,
ALKINDI AND MAIMONIDES COLLECTED BY BROTHER

GILES OF THE ORDER OF ST. AUGUSTINE

And first comes

CHAPTER 1

A Compilation of the Errors of Aristotle.

CHAPTER 11

in which the Errors of Aristotle are Restated in Summary.
The following therefore are all his errors in summary:

1. That motion did not have a beginning.

2. That time is eternal.

3. That the world did not have a beginning,

4. That the heavens were not made.

5. That God could not make another world.

6. That generation and corruption had no beginning and will have

no end.
7. That the sun will always cause generation and corruption in the

sublunary world.

8. That nothing new can proceed directly from God.

9. That the resurrection of the dead is impossible.
10. That God could not make an accident without a subject.
11. That there is only one substantial form in any composite.

12. That it is impossible to admit a first man or a first rainfall.

13. That two bodies cannot in any way be in the same place.

14. That there are as many angels as there are orbs. Thus it follows

that there are only fifty-five or forty-seven.

There were some who wished to justify the Philosopher’s view
about the eternity of the world. But this justification cannot stand, be-
cause he bases himself always upon the abovementioned principle in
order to demonstrate philosophical truths. In fact he scarcely ever
wrote a book on philosophy in which he did not say something per-
taining to this principle.

Again, in addition to the aforementioned errors, some people
sought to attribute to him the doctrine that God knows nothing out-
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side of Himself, so that this sublunary world i

They take as their reason for this in};putatiolrf,t?ljll: :tl;l:nown % Him,
are found in book XII of the Metaphysics in the cha tere?lems Which
of the fat.hers’. But that they do not understand thepPhﬂ 'Ijhe CPinios
that this is not his intention, is clear from the statement “HTFHEF nd
chapter On good fortune, where he says that God of Hissmade ik
kﬂO\:ﬁVS both the past and the future, Other errors also a VEIY'p.}rum
to him. We are not concerned with them, because they I;izz rzrt:mﬂd

misunderstanding.

CHAPTER 1V

A Compilation of the Errors of Averroes.

CHAPTER V

In which the Abovementioned Errors are Restated in Summar
All the errors of the Commentator, exclusive of those which Y
errors of the Philosopher, are as follows: e

=

2. $hhat no law is true, although it can be useful
- That an ange] cannot i irectl
ot g nnot move anything directly except a celestial
i). That an angel is pure act.
- That in no production is the
_ ower of the i
%anatlon of the thing produfed. produser the entice S
- That diverse effects cannot at the i
s .
R ame time proceed directly fram
- That God does not have an i i
. y providence over indivi
- That there is no trinity in God. viduats.
. That God does not know singulars.
: That some things come to be as a result of an inner determinism
" 3[{;1 :‘:at;;c:r. n;u:lliepetpdently of any order of divine providence
: 1€ intellective soul is not multiplied with th iplicati
of boc_:hfes, but is numerically one. F el
g %at it is t}}e sensitive soul that places man in the species man.
" at there 15 no more perfect unity produced by the union of
the intellective soul with the body than by the union of the
mover of the heavens with the heavens,

o
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SAINTS BONAVENTURE AND THOMAS AQUINAS ON
THE ETERNITY OF THE WORLD

— 3 —

Saint Bonaventure (A.D. 1221-1274)

In St. Thomas Aquinas, Siger of Brabant,
St. Bonaventure On the Eternity of the
World (De Aeternitate Mundi). Translated
from the Latin with an introduction by
Cyril Vollert, SJ, STD, Lottie H. Kendzierski,
Paul M. Byrne. Milwaukee, WI: Marquette
University Press, 1964, pp.105, 107-113.
Reprinted with permission of Marquette
University Press

WHY THE ETERNITY OF THE WORLD IS LOGICALLY IMPOSSIBLE

The eternity of the world, in which Aristotle firmly believed, was, as we
saw, contrary to the Christian faith. In this selection, Bonaventure pres-
ents a number of arguments to show that the eternity of the world is ab-
surd and contradictory. Many of his arguments were derived ultimately
from John Philoponus, a Christian neo-Platonist in the sixth century. Ob-
serve that Bonaventure does not appeal to the Bible or faith; his intent is
to refute belief in an eternal world solely by logic and reason.

The question is: Has the world been produced in time or from eter-
nity. That it has not been produced in time is shown.

[Bonaventure now presents six arguments from Aristotle and oth-
ers who believed in the eternity of the world. These are omitted. He
then gives his arguments against Aristotle and in favor of a world cre-

ated in time from nothing.]
But there are arguments to the contrary, based on per s¢ known

propositions of reason and philosophy.

1. The first of these is: It is impossible to add to the infinite. This is per
se evident because everything which receives an addition becomes
more; “but nothing is more than infinite.” If the world lacks a begin-
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ning, however, it has had an infinite duration
can be no addition to its duration. But this 1’5 certain]
every day a revolution is added to a revolution: therely s Pecaisse
were fo say that it is infinite in past time and yet’is actuo'l:g’ Etc yon
respect to the present, which now is, and, accordingl th y°ﬁr-1im With
respect, in which it is finite, that the “more” is to be%c))zndaF 1? 10 thig
out to you that, to the contrary, it is in the past that the ~ - JiPhin&sd
fou.nd. This is an infallible truth: If the world is eternal tI}rllore i ke
lutions of the sun in its orbit are infinite in number A i
necessarily been twelve revolutions of the moon fo'r e%::l‘l, mere S
sun. Thc.erefore the moon has revolved more times than tht: il
sun an infinite number of times. Accordingly, that whichsll-m s
infinite as infinite is discovered. But this is impossible; ther;;oc::dE %
; ie I;i 2zco;: proposition is: It is impossible for the infinite in r;:::fa
a. For every order flows from a principle toward a mg: 4
Therefore, if there is no first, there is no order; but if the du o
the wor.ld or the revolutions of the heaven are infinite, the !'ﬂ:imh s
have a first; therefore they do not have an order, and ont; is gt I:-o b
another. But since this is false, it follows that they have a ﬁ?st Ifu e
say t!lat it is necessary to posit a limit (statum) to an ordereci <o
only in the case of things ordered in a causal relation because i
causes there is necessarily a limit, I ask why not in ot,her cases -’FPI:IWHE-
over, you do not escape in this way. For there has never been;1 i
lutilon of the heaven without there being a generation of animal Fff;\’f"-
amg\al: Etut an animal is certainly related causally to the animal ﬁﬂ_m-
?vblch 1t is generated. If, therefore, according to Aristotle and reasﬂm
it is necessary to posit a limit among those things ordered in a c;cm;)ar;
rel_ahon, then in the generation of animals it is necessary to posita ﬁwst
animal. Anc'I the world has not existed without animals; thfrefore étc
3.‘ The third proposition is: It is impossible to traverse what Is inﬁ{nite.
But if the world had no beginning, there has been an infinite numbez"
of revolutions; therefore it was impossible for it to have traversed
them; therefore impossible for it to have come down to the present. If
you say that they (i.e., numerically infinite revolutions) havtIa) not‘be.en
traversed because there has been no first one, or that they well c01ﬂci
be traversed in an infinite time, you do not escape in this way. For I
sherll ask you if any revolution has infinitely preceded today’g TeVO-
lution or none. If none, then all are finitely distant from this present
one. (;on_sequently, they are all together finite in number and so have
a begm.nmg. If some one is infinitely distant, then I ask whether the
revolution immediately following it is infinitely distant. If not, then

and consequently there
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ither is the former (infinitely) distant since there is a finite distance
petween the two of them. But if it (i.e., the one immediately follow-
<o) is infinitely distant, then 1 ask in a similar way about the third,
the fourth, and so on to infinity. Therefore, one is no more distant than
aﬁnfher from this present one, one is not before another, and so they
all simultaneous.
~ 4 The fourth proposition is: It is itnpossible for the infinite to be grasped
fiy & finite power. But if the world had no beginning, then the infinite
is grasped by a finite power; therefore, etc. The proof of the major is
» se evident. The minor is shown as follows. I suppose that God

alone is with a power actually infinite and that all other things have
limitation. Also 1 suppose that there has never been a motion of the
heaven without there being a created spiritual substance who would
pillher cause or, at least, know it. Further, I also suppose that a spiri-
tual substance forgets nothing. If, therefore, there has been, at the
same time as the heaven, any spiritual substance with finite power,
there has been no revolution of the heaven which he would not know
and which would have been forgotten. Therefore, he is actually know-
ing all of them and they have been infinite in number. Accordingly, a
spiritual substance with finite power is grasping simultaneously an
infinite number of things. If you assert that this is not unsuitable be-
cause all the revolutions, being of the same species and in every way
alike, are known by a single likeness, there is the objection that not
only would he have known the rotations, but also their effects as well,
and these various and diverse effects are infinite in number. It is clear,
therefore, etc.

5. The fifth proposition is: It is impossible that there be simudtaneously
an infinite number of things. But if the world is eternal and without a
beginning, then there has been an infinite number of men, since it
would not be without there being men—for all things are in a certain
way for the sake of man and a man lasts only for a limited length of
time. But there have been as many rational souls as there have been
men, and so an infinite number of souls. But, since they are incor-
ruptible forms, there are as many souls as there have been; therefore
an infinite number of souls exist. If this leads you to say that there has
been a transmigration of souls or that there is but the one soul for all
men, the first is an error in philosophy, because, as Aristotle holds,
“appropriate act is in its own matter.” Therefore, the soul, having been
the perfection of one, cannot be the perfection of another, even ac-
cording to Aristotle. The second position is even more erroneous, since
much less is it true that there is but the one soul for all.
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6. The last argument to this effect is: It is inpossi
being after non-being to have eternal being, becfszzzﬁifiﬁoggmi hicl
tradiction. But the world has being after non-being. Theref e e
possible that it be eternal. That it has being after non-be; OrF e
as follows: everything whose having of being is totall f?g o
is produced by the latter out of nothing; s

but the world has j ;
totally from God; therefore the world is out of nothing, Buisn]gf ;’in f
0

nothing as a matter (materialiter); therefore out of i

(originaliter). It is evident that everything which is?g‘::llll;g ﬁ:i’jh o)
something differing in essence has being out of nothin PFQ - h?
totally produced is produced in its matter and form. Bugt. nw;twmlt 4
not have that out of which it would be produced because it ig oricoms
of God (ex Deo). Clearly, then, it is out of nothing. The minor, viI;Ottm:

the world is totally produced by God, is evi
y God, is evident f : :
of another question. rom the discussion

— 4 —

Saint Thomas Aquinas (c. A.D. 1224-1274)
In St. Thomas Aquinas, Siger of Brabant, St.
Bonaventure On the Eternity of the World (De
Aeternitate Mundi). Translated from the Latin

with an introduction by Cyril Vollert, SJ,

STD, Lottie H. Kendzierski, Paul M. Byrne.
Milwaukee, WI: Marquette University Press,
1964, pp.19-25. Reprinted with permission of
Marquette University Press

AN ETERNAL WORLD IS LOGICALLY POSSIBLE

Contrary to Bonaventure’s position, Thomas argues that there is no logi-
cal contradiction in assuming that God not only created the world, but
also made 1t eternal. This was a rather popular interpretation ar;long
scholastic theologians during the late Middle Ages and the Renaissance.

1. .If we suppose, i.n accord with Catholic faith, that the world has not
existed from eternity but had a beginning of its duration, the question
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arises whether it could have existed forever. In seeking the true solu-
tion of this problem, we should start by distinguishing points of agree-
ment with our opponents from points of disagreement.

If the question is phrased in such a way as to inquire whether some-
thing besides God could have existed forever, that is, whether a thing
could exist even though it was not made by God, we are confronted
with an abominable error against faith. More than that, the error is re-
pu.diated by philosophers, who avow and demonstrate that nothing
atall can exist unless it was caused by Him who supremely and in a
aniquely true sense has existence.

However, if we inquire whether something has always existed, un-
derstanding that it was caused by God with regard to all the reality found
in it, we have to examine whether such a position can be maintained. If
we should decide that this is impossible, the reason will be either that
God could not make a thing that has always existed, or that the thing
could not thus be made, even though God were able to make it. As to the
first alternative, all parties are agreed that God could make something
that has always existed, because of the fact that His power is infinite.

2. Accordingly our task is to examine whether something that is
made could have existed forever. If we reply that this is impossible,
our answer is unintelligible except in two senses or because there are
two reasons for its truth: either because of the absence of passive po-
tentiality, or because of incompatibility in the concepis involved.

The first sense may be explained as follows. Before an angel has
been made, an angel cannot be made, because no passive potentiality
is at hand prior to the angel’s existence, since the angel is not made
of pre-existing matter. Yet God could have made the angel, and could
also have caused the angel to be made, because in fact He has made
angels and they have been made. Understanding the question in this
way, we must simply concede, in accordance with faith, that a thing
caused by God cannot have existed forever, because such a position
would imply that a passive potentiality has always existed, which is
heretical. However, this does not require the conclusion that God can-
not bring it about that some being should exist forever.

Taken in the second sense, the argument runs that a thing cannot
be so made because the concepts are incompatible, in the same way
as affirmation and denial cannot be simultaneously true; yet certain
people assert that even this is within God’s power. Others contend
that not even God could make such a thing, because it is nothing.
However, it is clear that He cannot bring this about, because the power
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by which it is supposed to be effected would be self-destructive. Ney.
ertheless, if it is alleged that God is able to do such things, the posi-
tion is not heretical, although I think it is false, just as the proposition
that a past event did not take place involves a contradiction. Hence
Augustine, in his book against Faustus, writes as follows: "”Whoever
says, ‘If God is omnipotent, let Him bring it about that what hag been
macle was not made,’ does not perceive that what he really says is thig,
‘If God is omnipotent, let Him bring it about that what is true is falgg
for the very reason that it is true.”” Still, some great masters have pi-
ously asserted that God can cause a past event not to have taken place
in the past; and this was not esteemed heretical.

3. We must investigate, therefore, whether these two concepts are
logically incompatible, namely, that a thing has been created by Gog
and yet has existed forever. Whatever may be the truth of the matter,
no heresy is involved in the contention that God is able to bring it
about that something created by Him should always have existed.
Nevertheless I believe that, if the concepts were to be found incom-
patible, this position would be false. However, if there is no contra-
diction in the concepts, not only is it not false, but it is even possible;
to maintain anything else would be erroneous. Since God’s omnipe-
tence surpasses all understanding and power, anyone who asserts that
something which is intelligible among creatures cannot be made by
God, openly disparages God’s omnipotence. Nor can anyone appeal
to the case of sin; sins, as such, are nothing.

The whole question comes to this, whether the ideas, to be created
by God according to a thing’s entire substance, and yet to lack a be-
ginning of duration, are mutually repugnant or not. That no contra-
diction is involved, is shown as follows. A contradiction could arise
only because of one of the two ideas or because of both of them to-
gether; and in the latter alternative, either because an efficient cause
must precede its effect in duration, or because non-existence must pre~
cede existence in duration; in fact, this is the reason for saying that
what is created by God is made from nothing,.

4. Consequently, we must first show that the efficient cause, namely
God, need not precede His effect in duration, if that is what He Him-~
self should wish.

In the first place, no cause producing its effect instantaneously need
precede its effect in duration. Now God is a cause producing His ef-
fect, not by way of motion, but instantaneously. Therefore He need
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not precede His effect in duration. The major premise is clear from in-
duction, based on all instantaneous changes, such as illumination, and
the like. It can also be demonstrated by reasoning. In any instant in
which a thing is asserted to exist, the beginning of its action can like-
wise be asserted, as is evident in all things capable of generation; the
very instant in which fire begins to exist, it emits heat. But in instan-
taneous action, the beginning and the end of the action are simulta-
neous, or rather are identical, as in all indivisible things. Therefore, at
any moment in which there is an agent producing its effect instanta-
neously, the terminus of its action can be realized. But the terminus of
the action is simultaneous with the effect produced. Consequently no
intellectual absurdity is implied if we suppose that a cause which pro-
duces its effect instantaneously does not precede its effect in duration.
There would be such an absurdity in the case of causes that produce
their effects by way of motion, because the beginning of motion must
precede its end. Since people are accustomed to think of productions
that are brought about by way of motion, they do not readily under-
stand that an efficient cause does not have to precede its effect in du-
ration. And that is why many, with their limited experience, attend to
only a few aspects, and so are overhasty in airing their views.

This reasoning is not set aside by the observation that God is a cause
acting through His will, because the will, too, does not have to pre-
cede its effect in duration. The same is true of the person who acts
through his will, unless he acts after deliberation. Heaven forbid that
we should attribute such a procedure to God!

5. Moreover, the cause which produces the entire substance of a
thing is no less able to produce that entire substance than a cause pro-
ducing a form is in the production of the form; in fact, it is much more
powerful, because it does not produce its effect by educing it from the
potentiality of matter, as is the case with the agent that produces a
form. But some agent that produces only a form can bring it about
that the form produced by it exists at the moment the agent itself ex-
ists, as is exemplified by the shining sun. With far greater reason, God,
who produces the entire substance of a thing, can cause His own ef-
fect to exist whenever He Himself exists.

Besides, if at any instant there is a cause with which the effect pro-
ceeding from it cannot co-exist at that same instant, the only reason is
that some element required for complete causality is missing; for a
complete cause and the effect caused exist together. But nothing com-
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plete has E\lrer been wanting in God. Therefore an effect caused by Him
can exist always, a i 3
can exist al ys, as long as He exists, and so He need not Precede jt

Furthermore, the will of a person who exercises his will suffers
loss in power. But all those who undertake to answer the aréum "
by which Aristotle proves that things have always had existence ;n i
God for the reason that the same cause always produces the san:lem;1
fect, say that this consequence would follow if He were not an a "
acting by His will. Therefore, although God is acknowledged to biem
agent acting by His will, it nevertheless follows that He can brin: aI:
.about that what is caused by Him should never have been withoutge;:_
istence.

And so it is clear that no logical contradiction is involved in the as-
sertion that an agent does not precede its effect in duration. As regards
anything that does imply logical contradiction, however, God cannot
bring it into being. . ..

8. Thus it is evident that the statement that something was made
by God and nevertheless was never without existence, does not in-
'volve any logical contradiction. If there were some contradiction, it
1s surprising that Augustine did not perceive it, as this would ha’ve
been a most effective way of disproving the eternity of the world;
and indeed he brings forward many arguments against the eternit):
of the world in the eleventh and twelfth books of De civitate Dei [The
City of God]; yet he completely ignores this line of argumentation. In
{lact, he seems to suggest that no logical contradiction is discernible

ere. ...

9. Another surprising thing is that the best philosophers of nature
failed to discern this contradiction. . . .

12. They also bring in arguments which philosophers have touched
on, and then undertake to solve them. One among them is fairly dif-
ficult; it concerns the infinite number of souls: if the world has existed
forever, the number of souls must now be infinite. But this argument
is not to the purpose, because God could have made the world with-
out men and souls; or He could have made men at the time He did
make them, even though He had made all the rest of the world from
eternity. Thus the souls surviving their bodies would not be infinite.
Besides, no demonstration has as yet been forthcoming that God can-
not produce a muititude that is actually infinite.

‘ There are other arguments which I forbear to answer at the present
time. A reply has been made to them in other works. Besides, some of
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them are so feeble that their very frailty seems to lend probability to
the opposite side.

_5._

Albert of Saxony (c. A.D. 1316-1390)
Questions on [Aristotle’s] On the Heavens.
Translated by Edward Grant from Questiones
et decisiones physicales insignium virorum:
Alberti de Saxonia in octo libros Physicorum;
tres libros De celo et mundo; duos libros De
generatione et corruptione; ... Recognitae
rursus et emendatae summa accuratione
et iudicio Magistri Georgii Lokert Scotia
quo sunt tractatus proportionum additi.
Paris, 1518, bk. 1, question 9, fols. 93r,
col. 2-94r, col. 1

IS THE WORLD A FINITE OR INFINITE MAGNITUDE?

In questions 6 to 9 of the first book of his Questions on Aristotle’s On the
Heavens, Albert considers whether the world is finite or infinite. He treats
a different aspect of the basic question in each of the particular numbered
questions. In the ninth guestion, he inquires whether the world is a finite
or infinite magnitude. Substantial segments of the question concern God’s
supernatural actions whereby he creates or annihilates matter beyond our
world and also places a large body in a small space, in a manner analo-
gous to the way the body of Christ exists in the host. Because this is a typ-
ical medieval question in natural philosophy, | have used square brackets
to illustrate the usual six parts into which a typical question was subdivided
(for the six parts, see chapter 6). Any other bracketed text is my addition.

[1] In discussing the finitude or infinitude of the world, we inquire in
this fourth [conclusion or question] whether the world is a finite or

infinite magnitude.
[2] It seems that it is an infinite magnitude because it occupies the
whole [and] such a [thing] is infinite.
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Secondly, unless the world is an infinite magnitude, it walg
that an infinite space would exist beyond the world, Thus it §
that there would be an actual infinite, the opposite of which
clared previously. And this is confirmed, because if the worlq Were 4
finite magnitude, someone at the extremity of the world could exenq
his hand [beyond], since nothing would be there to im '
sequently, a space would seem to be there; but it would not be finjte
because there seems no [good] reason why this space should he ex:
tended only to a certain point [or magnitude].

Thirdly, unless a place or space existed outside the world, it would
follow that the last heaven could not be moved locally, which ig false,
The falsity of the consequent is obvious since it [ie., the last heayen)
is moved, but not with a species of motion other than local motign
Therefore, the consequence is proved, because then the last heaven
could not be in a place and consequently could not change place. Byt
since motion, or local motion, is a change of place, what was said fol-
lows, namely that the last heaven is not moved locally.

Was de.

[3] Aristotle wishes to say the opposite in the text, which he Proves as
one principal conclusion that the world is a finite magnitude.

[4] Here there will be two articles: the first will be on the principle that
is sought. [But] after [it has been shown that] the world is a finite mag-
nitude, the second [article will inquire] whether there is somethin

outside it, say an infinite space or some other thing which has already
been touched upon in the argument.

[5] With respect to the first [article], let this be the first conclusion: that
the world is a finite magnitude. Let it be proved: according to what
was said before, the world is a magnitude. Therefore, it is a finite or
infinite magnitude. If a finite magnitude, what has been proposed is
had; if [it is) an infinite magnitude, it follows that something would
be an actual infinite, the opposite of which was shown in the preced-
ing [discussions].

On the second [article], it seems that there is a space beyond the
world, since outside the world God could create a stone. But such [a
stone] could not be in something indivisible; indeed, it would seem
to occupy some divisible space.

Secondly, because God created such a stone outside the world, he is
able to move it rectilinearly and to make it further from the last heaven
than before; but he cannot do such things except through a space.

ollowe

pede it. Cp.
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- .dly, God could create fwo stones outside the wgrkzll, one outm;lle
! Therefore it seems that there is an “outside” beyond the
e Oth%n t “outside” is [or signifies] a difference of place or ’space;
orc. ui{: seems that there is a space outside the world..Th1s is con-
therefOI‘; cause if such stones were not mutually immediate [or con-
'ﬁImEdl?]e as God [indeed] could create them, then one would seem
ﬁguouf’d’ from the other, and consequently outside tt.1e heaven there
WPZ;?I eappear to exist a distance by [means of] which such stones
w?ﬂd be created separate [or distant] from each other. e
& qrthly, having assumed that God could create two otht_er wor X
Potltlf t tf;ese three worlds would touch, just as spheres are imagine
- :h it would seem that between these three W(?rlds and the
. -15011 t’ which they touch there would be an intervening space and
OﬁieiveMg distance; for otherwise, their surfaces would touch,
an in
ﬂngvirg)ltrgsl;:c]tjfc:rtl}tﬁé [first] article, let this be the ﬁ;s;lconcltési;)rr; ]tjl';zr;
is no body beyond the world, \.Nh1ch is provecli .';vs,V :1- o}:v)\;;)s‘;W \; o ey
or world is part of the world; .mdeed, not ?;1 y ezhe Eromlity, e
being [is part of the world], since the u;orh is e A
But neither the world, nor any part o t. s we ) (;utside e
world, therefore, etc. Secondly, 1‘f a body did exis outside fhe wore
it would be there naturally [or v1olently]: It clannomxed 1 tobe there
naturally, because every body,_ whether snlrc\lp z I:J; e éhe i o
ral place elsewhere than outside the wFr e e
one body does not have several natural p aliz it, NSy
body could not be there naturally. Nor cm; e 4
olently, for then this place would be_ natural to: e
is i i ince it is natural neither to a simple or
’ iﬂ si(c)zi:glziﬁﬁzign [is this]: no body can be ou;sti)dz theaw;fo;:idt ;1::‘;
i i C
urally. This is proved because no smlpli ort ;gzena hi-aylrly iy
naturally, because such a body car}n(?t 1e here nanure, b,e e
ready proved, [but also] becausg, sllmllar \A e
ide the world. This is proved, for if su P .
;E:tgi:f ioo:;frl\:ebody, it would be a violent place for mﬁeigm%iiﬁ
which is false, as is obvious from t.hmgs that h;‘;iere is n};tl oo
proved. And so it is proved that outS}de t.he worl e s
can there be, a vacuum; for a vacuum 15 said to bt;ltth::) ) h there i
out a body, but where there can be.: a body. Now 'b1e]gf e
body outside the [last] heaven, [it is alsg] not [pos;1cm0t ossibly]
be there, and consequently no vacuum is there an
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be there. Thus, since the term ‘vacuum’ is privative, it does not |
signify the lack of a body somewhere, but also connotes the 5 o
of a body to be there. PHtyee

A third conclusion [is this]: no motion is able to exist natural]
side the world. This is proved [as follows]: where neith e,

. : 8 er a body ppp
a place can exist naturally, motion cannot exist. The major [prem;
is known from this, namely that every motion requires a body; 15}2
minor [premise] is obvious from what has been said. '

A fourth conclusion [is this]: outside the world time cannot exist.
This is proved [as follows]: where motion cannot exist, there time cap.
not exist. But, by the preceding conclusion, motion cannot exist out-
side the world; therefore neither can time. The major [premise] jg
obvious from this, [namely] that time is the same as motion [i.e.-_, itis
the measure of motion], as is said in the fourth [book] of the Physies

A fifth conclusion [is this]: God and the inteiligences are neither Out:
side the world, nor inside the world circumscriptively [that is, they do
not occupy three-dimensional places or spaces]. This is obvious be-
cause such [beings] lack position [or location] and magnitude but ars
outside the world privatively, that is, they do not have a position in
the world, which agrees with [the idea] that God and the intelligences
are part of the world although they do not have a position [or loca-
tion] in the world.

From all these things [i.e., from the preceding conclusions], we con-
clude what Aristotle concluded in the first book of this [treatise],
[namely] that outside the world there is neither body, nor place, nor
vacuum, nor motion, nor time. But that outside the world there are
alterable beings leading the best lives, taking ‘outside’ in the privative
sense understood in the preceding conclusion.

Furthermore, in order to save [the idea] that, beyond the world, God
could create supernaturally one or two stones, or another world, or
several worlds, it is not necessary to assume that there is actually a
space, or vacuum, or distance, or any such thing beyond the world.
This is proved [as follows]: for if there were such things beyond the
world, God could annihilate them; but with them annihilated, He
could [still] create beyond the world things that He wished, just as
now. Therefore [etc.]. Next, I concede that God is able to move such a
stone created beyond the world, not with a local motion but with a
motion having the same structure [or nature] as a local motion, with-
out, [however,] being nearer or farther from the sides [or surfaces] of
the [last] heaven.
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According to this conception, we can imagine further that just as
God could annihilate all things within the sides [or surfaces] of the
heaven without those sides touching [or coming together], so also
could He place a very large body, one that is as great as the world, in
g very small place, as in a millet seed; [and He could do this] without
any condensation or rarefaction, or penetration of the bodies. Just in
this way must the body of Christ be imagined [to be] in the small host;
for in this small host, the body of Christ is just as great as it is with-
put any condensation and penetration whatever, just as he was sus-

anded on the cross for our sins.

[Furthermore,] according to the same conception, we can imagine
that in such a millet seed, a space of 100 leagues, or 1,000, or however
many [leagues] we wish, could be created. And we could then imag-
ine that a man [placed] in a millet seed could walk through a thou-
sand leagues from one extreme [of that millet seed] to the other; and
many other similar things must be conceded according to this [con-

ception].

[6] To the [principal] arguments, [I respond as follows].

To the first, [I reply that] “the world can occupy the whole” can be
[understood as signifying] that the world does not occupy a space
other than itself; and thus, just as it does not occupy itself, so it does
not occupy another space. Or, to put it another way, it could be replied
as was said before when it was said that an infinite is that which oc-
cupies the whole; it is true that the whole occupies a true and imagi-
nable space. But I deny this about the world.

To the second [principal argument, where it says that] unless the
world were an infinite magnitude, there would be an infinite space
beyond the world, I deny the consequence, since it would not be be-
cause of this that a finite or infinite space would lie outside the world.
Moreover, from the substance of the argument, I say that outside the
world, God could create a finite space to any extent that it pleased
Him, without making it an infinite space. As confirmation [of the sec-
ond principal argument, it is said that] if the world were a finite mag-
nitude, then someone existing at the last surface of the heaven could
extend his hand. I deny [this]. And when it was said that there would
be no impediment resisting [the hand] beyond the world, this pleases
me, but I say further that notwithstanding this, [the hand could not
be extended beyond the world] because of the lack of a receptacle, as
of a place or space, in which the hand could be received when it is ex-

tended.
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To the third [principal argument, namely that] ;
g;llspalcioonuts(;de H‘.IE heaven, the last sph)ére cglifc:hr?: ‘I;V: ¥e N0 plice
Cou}zc,i . mce (21 th1.5. Nevert.heless, it is compatible with t]Ti:wEd 5
cou oved with a.motlon of the same Species as lo th.?t 1
Nenough has been said about this in the books of the P;al e
o ext,' tilere were othef' arguments made in connection wtyhsms
article of the question in which it was also pr at
cor;ld exlej,t beyond the world. These remain to bgJ sg;r:;idthat ;
cou?dtlz;f;zt [oftthese arguments, namely that] beyond th(-; world Gy
could ere SUC; s or:e, [let me say that] this pleases me. But I sa ?nd
e St st 1.ta “s: orlt::ai would_not be in any divisible or indin?;qi{:;*.
hace because it I_(;u not be in any place, just as the whole Wm:ld e
— ﬂ):epwo l.d owever, I concede that when the stone is creat a
s Bufr th,i Sa Ssp:cc:a is also created.beyond the world [at rﬁ:
Em pace would be nothing other than the created
To the second [of these arguments, namely th i
Eal :St;)]r;;e created beyond the world by exten}criin;ti]tsg?sizzzef:o il
i ti:alze; [or sphere]. I say that this is true. But this could no(:?cgl :
hees Me 2 l;c:j ieated a space m which it could be moved and l;u
P w.;ve a fixed position [with respect] to the center ‘[oyf
o onid] or v dl respect to the heaven or parts of the heaven. But
ater heaven];l ) :S(I)ialséf ;lc':lts bstone from a fixed position with res;pect
wa;fs d}i:;cussed in the body of fhge::ezlt-ig::: from the heaven; but g
- :e; ;eth;:j [:)hf these arglfments, namely that] God could create two
. gsaid A :rwm;ll)d with ’one ?utside the other, I concede this by
ol m] ‘beyond [_or outside’] negatively [with respect]
o oo sense [inc:nl(le_ would be in the other, Just as one intelligence is
i i }gence]. But I say further that one of these stones
oot be . W't%u ﬁl e the other positively unless a space or distance
re sreated ; dt em by means of which one of them could be out-
sice the ofh 0% : gcel ;:)Sf f:;;hsr :}.,lat ’o_utslide’ taken negatively is not
m?rtivellly lfs [a difference It))f pfac: 01? z;salfee] SR
0 the fourth [of these argum '
basis [as in the preceding reEly tc?;;sg’tl?illl"il Z:;ilcrlnlgﬁy o the same

Space
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__.6__.

Nicole Oresme (c. A.D. 1320-1382)

Le Livre du ciel et du monde. Edited by Albert
D. Menut and Alexander J. Denomy. Translated
with an introduction by Albert D. Menut.
Madison: University of Wisconsin Press, 1968,
p.167-179. Reprinted by permission of The
University of Wisconsin Press. (For those who
wish to examine a reprint of this selection,

with the addition of twenty-six footnotes, see
Grant 1974, pp. 547-554.)

ARGUMENTS TO DEMONSTRATE THAT, CONTRARY TO ARISTOTLE, THE
EXISTENCE OF OTHER WORLDS IS POSSIBLE

At the command of the French king Charles V, in 1377, Nicole Oresme
translated Avristotle’s cosmological treatise, On the Heavens, from Latin
into French and added a detailed, section-by-section commentary on Aris-
totle’s text. It is Oresme’s last known treatise and is regarded as one of his
most brilliant works. In it, Oresme disagrees with Aristotle on numerous
issues, including the possibility of other worlds, the theme of the follow-

engthy discussion, Oresme proposes NUMerous inter-

ing selection. In his |
axistence of

esting and unusual ways to illustrate the feasibility of the
other worlds, even though he was convinced that God had not, and would

not, create other worlds.

Now we have finished the chapters in which Aristotle undertook to
prove that a plurality of worlds is impossible, and it is good to con-
sider the truth of this matter without considering the authority of any
human but only that of pure reason. I say that, for the present, it seems
to me that one can imagine the existence of several worlds in three
ways. One way is that one world would follow another in succession
of time, as certain ancient thinkers held that this world had a begin-
ning because previous to this all was a confused mass without order,
form, or shape. Thereafter, by love or concord, this mass was disen-
tangled, formed, and ordered, and thus was the world created. And
finally after a long time this world will be destroyed by discord and
will return to the same confused mass, and again, through concord,
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another world will then be made. Such a i
future an infinite number of times, and ﬁrﬁ?:,sli;:ﬂlt:ltl:e Place in the
But tbis opinion is not touched upon here and was re rS o e P
tofle in several places in his philosophical works. It caili) Vte ;:1 by Aris:
'thIS way naturally, although God could do it and could ‘1)1' e
in the past by His own omnipotence, or He could annihilat o Cone
and create another thereafter. And, according to St Jerom&hls b o
uSZd tct)hsay that God will do this innumerable times- e
nother speculation can be offered which 1 {1 :
a.s a mental exercise. This is the assumption thz}tlzltﬂc()inlékaig)tﬁ)y e
time one world is inside another so that inside and beneath Itiﬁﬂn'w
cumference of this world there was another world similar but o
fl\lthough this is not in fact the case, nor is it at all likely, HHE;II‘-:BIIE::
it seems to me that it would not be possible to establisl’l the ¢ "
by logical argument; for the strongest arguments against it Woxlilh‘ar?
seems to me, be the following or similar ones. First, if there WO o
f)t}}er world inside our world, it would follow that (;ur earth iserei‘-lan'
it is by constraint, because inside this earth and beneath its c‘w-‘ o
ference toward its center would be another heaven and oth:arrcmin-
ment_s, etc. Also, the earth of the second world would be absoluf Ie-
massive and at the center of both worlds; and the earth of our w e1§
wo_uld be empty and concave and neither the whole earth nor an or:rt
of it wQuld be at the center. Thus, since their natural places ar);lzlaif
ferent, it follows from what is said in Chapter Seventeen that th .
two worlds are of different form so that the world beneath us and ’ceshig
our \.»vorld would be dissimilar, etc. Also, all natural bodies are lim
ited in bigness and smallness, for the size of a man could diminish (;
grow so much that he would no longer be a man, and the same wntl:
all bod1e§;. So, the world we have imagined inside our own world and
beneath its circumference would be so small that it would not be a
world at all, for our sun would be more than 2,000 times the size of
the other and each of our stars would be larger than this imaginar
world. To pursue our thought, one could dig in the grou.mdgicrlleeyr
enough to reach the earth of the other world beneath ours. This is afl
untenable absurdity. Also, we should have to posit two Go‘ds one fof
each worlt;i, etc. Likewise, we might assume another world ’like ouf
F)wn to exist in the moon or some other star, etc. Or we could imag-
ine another world above and another beneath the one which is undgr
our world, etc. To show that these and similar speculations do not pre-
clude the possibility of such a thing, I will posit, first of all, that efery
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ivisible into parts themselves endlessly divisible, as appears

bod}f is d
i Chapter One; and I point out that large and small are relative, and

aot absolute, terms used in comparisons. For each body, however
cmall, is large with respect to the thousandth part of itself, and any
hody whatsoever, however large, would be small with respect to a
Jarger body. Nor does the larger body have more parts than the
smaller, for the parts of each are infinite in number. Also from this it
follows that, were the world to be made between now and tomorrow
100 or 1,000 times larger or smaller than it is at present, all its parts
being enlarged or diminished proportionally, everything would ap-
ar tomorrow exactly as now, just as though nothing had been
changed. And, if a stone in a quarry had a small opening in it or a
concavity full of air, it is not necessary to say that this stone is outside
jts natural place. Likewise, if there were a concavity the size of an
apple full of air at the earth’s center, it would not follow that the earth
was out of its natural place nor that it was there by violence. Also, if
such concavity were to become a bit larger and then still larger until
it became very large, we could not place a limit upon this growth at
which point one could say the earth would be out of its natural place,
recisely because large and small are relative terms, as we have al-
ready said. Therefore, for the earth to be in its natural place, it is
enough that the center of its weight should be the center of the world,
regardless of the concavity inside the earth, provided that it be held
firmly together. And this is the answer to the first argument; for, if a
world were enclosed within a concavity inside our earth, nevertheless
our earth would be in its natural place since the center of the world
would be the middle or center of its weight. A propos, I say further
that, according to Scripture, water is above the heavens or the firma-
ment; whence the psalm says [Ps. 103:2-3}: Who stretchest out the
heavens, etc., Who coverest these heavens with water. And, elsewhere:
Bless the Lord, ye waters that are above the heavens [see Dan. 3:60].
And if this water were not heavy in substance if not in fact, then it
would not be water. For this reason it is said to be solid and as though
frozen or solidified and is called the glacial or the crystalline heavens.
Accordingly, this heaven or this water is in its natural place, in spite
of the fact that all the other heavenly spheres and elements are en-
closed within the concavity of this sphere, for it is solid and the cen-
ter of its weight is the center of the world. To the second argument I
reply that, even if this earth were hollow and concave, nevertheless it
would be in the center of the world or worlds, just as though this were
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it§ proper place, taking place in the sense of the second me b
d1'st1‘nction made in reply to an argument in Chapter Seve::cl o “;f the
FhlS it appears that our earth and the earth of the other w. EIEn. l:mm
it would be in the same place. To the third argument, w(})fi 2 i
that all natural bodies are limited in quantity, I say tha’t m?lfh -
they are limited to one quantity or size and that in another wi ls' e
would be fixed at other limits, for large and small, as we horld Ih-'
are relative terms which do not mean variation or differenco;'Ve e
Accordingly, we see men—all of the same form—larger in on::!n fm:rm
and smaller in another. To the fourth argument, where it wa s
that one could dig deep enough into the earth, etc., I answer ihsmtﬂd
ture would not permit this, any more than one could naturlalllat s
proach the sky close enough to touch it. To the fifth a l|Y K
reg.arding the possibility of two Geds, it does not follow; f01.'1-(g):u::-l fiﬂf,
ereign God would govern all such worlds, but it is pos;ible -thatmu_
ditional intelligences would move the heavenly bodies of one-lw ﬂ;i**
and other intelligences the heavens of the other world. To the sixtl-? o
gument, where it was said that by analogy one could say there is ol
other world inside the moon, and to the seventh, where it was 09'::5
that there are several worlds within our own and several outI;id:
beyond which contain it, etc., I say that the contrary cannot be pmv:c;w'
by reason nor by evidence from experience, but also I submit that
there is no proof from reason or experience or otherwise that such
worlds do exist. Therefore, we should not guess nor make a stateﬁmn’g
that_ something is thus and so for no reason or cause whatsoever
agamt.st all appearances; nor should we support an opinion whose con-
tra.ry. is Probable; however, it is good to have considered whether such
opinion is impossible.

The third manner of speculating about the possibility of several
?vorh:,ls is that one world could be entirely outside the other in an
3magmed Space, as Anaxagoras held. This solitary type of other world
is refuted here by Aristotle as impossible. But it seems to me that his
arguments are not clearly conclusive, for his first and principal argﬁ-
ment states that, if several worlds existed, it would follow that the
earth in the other world would tend to be moved to the center of our
W.’Ot'ld. and conversely, etc., as he has loosely explained in Chapters
Sixteen and Seventeen. To show that this consequence is not neces-
sary, I say in the first place that, although up and down are said with
several meanings, as will be stated in Book II, with respect to the pres-
ent subject, however, they are used with regard to us, as when we say
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+ one-half or part of the heavens is up above us and the other half
;e down beneath us. But up and down are used otherwise with respect
1o heavy and light objects, as when we say the heavy bodies tend
downward and the light tend upward. Therefore, 1 say that up and
down in this second usage indicate nothing more than the natural law
concerning heavy and light bodies, which is that all the heavy bodies
5o far as possible are located in the middle of the light bodies with-
ouit setting up for them any other motionless or natural place. This
can be understood from a later statement and from an explanation in
the fourth chapter, where it was shown how a portion of air could rise
up naturally from the center of the earth to the heavens and could de-
scend naturally from the heavens to the center of the earth. Therefore,
] say that a heavy body to which no light body is attached would not
move of itself; for in such a place as that in which this heavy body is
resting, there would be neither up nor down because, in this case, the
natural law stated above would not operate and, consequently, there
would not be any up or down in that place. This can be clarified by
what Aristotle says in Book Four of the Physics, namely, that in a void
there is no difference of place with respect to up or down. Therefore,
Aristotle says that a body in a vacuum would not move of itself. In
the eleventh chapter of this first book it appears, according to Aristo-
tle, that, since nothing is lower than the center of the earth, nothing is
or can be higher than the circumference or the concavity of the Junar
sphere, the place proper to fire, as we have often said. Thus, taking
up in the second sense above, beyond or outside of this circumference
or heaven there is no up nor down. From this it follows clearly that,
if God in His infinite power created a portion of earth and set it in the
heavens where the stars are or beyond the heavens, this earth would
have no tendency whatsoever to be moved toward the center of our
world. So it appears that the consequence stated above by Aristotle is
not necessary. I say, rather, that, if God created another world like our
own, the earth and the other elements of this other world would be
present there just as they are in our own world. But Aristotle confirms
his conclusion by another argument in Chapter Seventeen and it is
briefly this: all parts of the earth tend toward a single natural place,
one in number; therefore, the earth of the other world would tend to-
ward the center of this world. I answer that this argument has little
appearance of truth, considering what is now said and what was said
in Chapter Seventeen. For the truth is that in this world a part of the
earth does not tend toward one center and another part toward an-
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other center, but all heavy bodies in this world tend to be ynifas -
one mass such that the center of the weight of this mass is a:?hlmd .
ter Of.thIS world, and all the parts constitute one body, num o'
speaking. Therefore, they have one single place. And if’som i
the earth in the other world were in this world, it would ténc? f o
the center of this world and become united with the mass gwam
versely. But it does not have to follow that the portions of éa?gh o
the heavy bodies of the other world, if it existed, would tend tOI o
center of this world because in their world they would form a oy
mass possessed of a single place and would be arranged in uSJ-ngle
deWI_" order, as we have indicated, just like the mass of heav }f a{la
in t_hls world. And these two bodies or masses would be of 0}1"1 ;:hes
their natural places would be formally identical, and likewise t; -
worlds. In Chapter Twenty Aristotle mentions another argumenteftwo
what was said in the Metaphysics—namely, that there cannot be iy
than one God and, therefore, it seems there can be only one wonllc?re
f'eply that if God is infinite in his immensity, and, if several worlclr “
isted, no one of them would be outside Him nor outside His ¥ GX-.
but surely other intelligences would exist in one world and OthWFfr,
tllle other world, as already stated. And my reply to this argume;stl'n
given more fully in Chapter Twenty. He argues again in Chapte -
Twent}.r-two and Twenty-three of which the purport is briefly this}')thli-S
world is composed of all the matter available for the constitution- f X
world, and. outside this world there can be no body or matter wlc:ai:Eil
soever. So it is impossible that another world exists. In reply, I say in
the first pla}ce, that, assuming that all the matter now existin’g or zhat
has ever existed is comprised in our world, nevertheless, in truth God
could create ex nihilo new matter and make another wc;rld But'Aris-
totle.would not admit this. Thus, I say, secondly, that, assu.min that
n.oth1.ng could be made save from matter already existing andgcon-
31der.mg the replies we have given to Aristotle’s first arguments re-
garding this problem—arguments whose substance he repeats and
employs here in the present case—nonetheless he does not prove that
another or more than one world besides our own could not now exist
or may not always have existed, just as he states this world of ours to
exist without beginning or end. He argues again in Chapter Twenty-
fou:: that outside this world there is no place or plenum, no void ax?::l
no time; but he proves this statement by saying that outside this u’rorld
there can be no body, as he has shown by the reasoning above to which
I'have replied; 5o it is unnecessary to answer this argument again. But
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iy position could be strengthened or restated otherwise; for, if two
worlds existed, one outside the other, there would have to be a vac-
qum between them for they would be spherical in shape; and it is im-
sossible that anything be void, as Aristotle proves in the fourth book
of the Physics. It seems to me and I reply that, in the first place, the
human mind consents naturally, as it were, to the idea that beyond
the heavens and outside the world, which is not infinite, there exists
some space whatever it may be, and we cannot easily conceive the
contrary. It seems that this is a reasonable opinion, first of all, because,
if the farthest heaven on the outer limits of our world were other than
spherical in shape and possessed some high elevation on its outer sur-
face similar to an angle or a hump and if it were moved circularly, as
it is, this hump would have to pass through space which would be
empty—a void—when the hump moved out of it. Now, if we assumed
that the outermost heaven was nat thus shaped or that nature could
not make it thus, nevertheless, it is certainly possible to imagine this
and certain that God could bring it about. From the assumption that
the sphere of the elements or of all bodies subject to change contained
within the arch of the heavens or within the sphere of the moon were
destroyed while the heavens remained as they are, it would neces-
sarily follow that in this concavity there would be a great expanse and
empty space. Such a situation can surely be imagined and is definitely
possible although it could not arise from purely natural causes, as
Aristotle shows in his arguments in the fourth book of the Physics,
which do not settle the matter conclusively, as we can easily see by
what is said here. Thus, outside the heavens, then, is an empty incor-
poreal space quite different from any other plenum or corporeal space,
just as the extent of this time called eternity is of a different sort than
temporal duration, even if the latter were perpetual, as has been stated
earlier in this chapter. Now this space of which we are talking is infi-
nite and indivisible, and is the immensity of God and God Himself,
just as the duration of God called eternity is infinite, indivisible, and
God Himself, as already stated above. Also, we have already declared
in this chapter that, since our thinking cannot exist without the con-
cept of transmutation, we cannot properly comprehend what eternity
implies; but, nevertheless, natural reason teaches us that it does exist.
In this way the Scriptural passage, Job 26:[7], which speaks about God
can be understood: Who stretchest out the north over the empty place.
Likewise, since apperception of our understanding depends upon our
corporeal senses, we cannot comprehend nor conceive this incorpo-
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real space which exists beyond the heavens. Reason and truth, how.
ever, inform us that it exists. Therefore, 1 conclude that God can and
could in His omnipotence make another world besides this one or Sev-
eral like or unlike it. Nor will Aristotle or anyone else be able tg Prove
completely the contrary. But, of course, there has never begn nor will
there be more than one corporeal world, as was stated above.
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Campanus of Novara, 25
Capella, Martianus: assumed Venus
and Mercury had heliocentric or-
bits, 137, 138, 139-140; work:
Marriage of Philology and Mercury,
139
Cassiodorus, 111, 137, 141-142;
work: Introduction to Divine and
Human Readings, 142
Cathedral schools, 149, 170
Catholic Church, accepted Greco-
Arabic science, 216, 244
Catholic faith, 184
Cato the Elder, 90
Cause(s): four kinds, 45; that pro-
duces instantaneous effect, 263
Celestial region, 41-43
Celsus, Aulus Cornelius, 65, 91, 137
Change(s), four kinds, 45
Charlemagne, Holy Roman Em-
peror, 148, 149, 226
Charles the Bald, king of France,
148
Charles V, king of France, 24, 271
Christ, in the host, 106, 114, 204,
216, 217, 269
Christianity: and beginning of uni-
verse, 125; emerged in Roman
Empire, 231; and Islam, con-
trasted, 247; made state religion,
226; and mystery religions, 101-
102; and philosophy, 105; relations
of church and state, 146-147:
spread by missionary activity,
230
Christians: attitude toward the state,
246; Augustine’s advice to, about
logic, 104, 113-114
Church, made significant contribu-
tion to science, 223
Church fathers, 162
Church and state, separation of, 32,
102-103, 147-148, 246248

Cicero, 111, 251
Clagett, Marshall, 75, 84
Clarke, Samuel, 200
Cleanthes the Stoic, 15
Clement of Alexandria: had hjéh
opinion of philosophy, 106-108,
250; work: Miscellanies, 107
Clement VI, pope, 207
Columbus, Christopher, 5, 1213
Commentaries, on Sentences, 93-95,
174-175, 206-207
Commerce, 12
Concordat of Worms, 147
Condemnation of 1270, 177, 178
Condemnation of 1277, its impact
on natural philosophy, 32, 179,
181-184, 191, 192, 193, 195-199,
200-201, 203, 205, 216, 222
Constantine the Great, 226
Constantinople, 228
Contradiction: Aquinas on, 262; in-
volving cause and effect, 211, 264
Copernicus, Nicholas: heliocentric
system of, 224; why name ap-
pears in title, 1, 139-140; work:
On the Revolutions of the Heavenly
Spheres, 82
Copleston, Frederick, 99, 100
Coronel, Luis, 193-194
Corparation, 170-172
Cosmology, 22
Cosmes: Aristotle’s conception of,
41-43; Isidore of Seville on, 143;
rejection of Aristotle’s division of,
126
Council of Sens, 159
Creation: Basil’s queries about, 120-
122; and clash with Aristotle’s
ideas, 120; from nothing, 115-116,
124, 126-127, 131-132, 160, 189,
221, 222
Creator, 119-120
Crescas, Hasdai, 168-169
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Crito, 64
Ctesibius, 82
Cunningham, Andrew, 203

Damian, Saint Peter, 158

Dan. 3:60, 273

Darwin, Charles, 38-39

David, 108, 128, 130

Definitions, 70

Demiurge, Plato’s conception of, 16—
17

Democritus of Abdera, and infinity
of worlds, 59-60, 74, 129

Descartes, René, 10

Dialectic, 139

Diaz, Bartholomew, 12

Diccletian, 226

Diogenes Laertius, 15

Diophantus of Alexandria, 84

Dissection, of human body, 63-66,
B85

Dogmatists, 63, 65

Dominicus Gundissalinus, 167

Dorp, Martin, 8

Double truth, doctrine of, 183-184

Down, and up, 274-276

Duhem, Pierre, 12

Earth: Bede on shape of, 144; at cen-
ter of world, 138; and movement
to other worlds, 275-276; and its
natural place, 273-274; position
of, 130; shape of, unimportant to
Christians, 73, 118, 120, 129

Edict of Milan, 226

Egyptians: and dissection, 66; plun-
dering of, 112

Element(s), fifth, 126

Elements, four: in condemned arti-
cles, 183; remain in own worlds,
41, 120, 123, 126, 128, 129, 197

Emanation process, 99-100

Empedocles of Acragas, 59

Empyrean heaven, 205

Epicurus, 91

Epilepsy, 61

Erasistratus of lulis, 6566

Erasmus, Desiderius 6-7

Eriugena, John Scotus, 148-149, 152;
work: On the Division of Nature,
148

Errors, of the philosophers, 254—
256

Eternity of the world: arguments
against, 257-260; condemned arti-
cles relevant to, 123, 178-179, 182-
183, 212, 238, 255. Sev also
World(s)

Ether, celestial, 42, 123, 126, 130

Eucharist, 204, 216, 217, 221

Euclid: commentaries on Elements,
72, 90, 93; Elements of, 68-73;
works: Elements, 28-29, 216;
Optics, 83; Treatise on the Balance,
82

Euctemon, 74

Eudemus of Rhodes, 89

Eudoxus of Cnidus, 68, 75-77, 90

Europe, new, 146-147

Eusebius, 104

Eutocius of Ascalon, 84

Exact sciences, and relation to natu-
ral philosophy, 243

Exodus, 108

Experiment, 54-55

Falasifa, 234, 235, 246

Farabi, al-, 233, 238, 250, 251

Farghani, al-, 232

Fatwa, 238, 241

Faylasuf, 234

Fire, 129

Firmament: John of Damascus on,
127-128; shape of, 121; waters
above, 120, 130-131, 273

Fish, migration of, 119
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Fishacre, Richard, 202
Foreign sciences, 231, 243

Frederick II, Holy Roman Emperor,
24

Gabriel, 224

Galen of Pergamum: world is teleo-
logical, 65, 84, 85-87, 88, 228;
works: On Anatomical Procedures,
87; On the Natural Faculties, 85; On
the Lse of Parts, 87

(Galileo Galilei: and Aristotelians,
10-11; and mean speed theorem,
1, 123, 218-220, 224, 240

Gama, Vasco da, 12

Gassendi, Pierre, 10

Genesis: creation account contrasted
with Ecclesiasticus, 132; creation
account in, 31, 114115, 116, 117,
122, 137, 222; 1:14, 131; 1:24, 118

Geometry: axioms, 69; definitions,
70; parts of a proposition, 70-71;
postulates, 69, 139, 143

Gerard of Cremona, greatest trans-
lator from Arabic to Latin, 167-
168

Gerbert of Aurillac, 149, 150

Ghazali, al-: hostile to philosophy,
237-238; works: Deliverance from
Error, 237; The Incoherence of the
Philosophers, 238

Gibeon, 106

Giles of Rome, 178-179, 254-256;
work: The Errors of the
Philosophers, 181

Gilson, Etienne, 122

Gnosticism, 98

God: absolute power of, 182-183,
205, 217; according to Aristotle,
43; and action at a distance, 202;
can do anything short of a logical
contradiction, 211; can make other

worlds, 196199, 278; can place a
world in a millet seed, 269; could
make something that has always
existed, 261; created autonomous
cosmos, 106; and creation of ac-
tual infinite, 210; and creation of
vacuum, 196; example of his
power, 116; as First Cause, 203;
how God created the world, 131
132; infinite omnipresence of, 199,
201; infinite space is his immen-
sity, 277; and natural impossibili-
ties, 176; need not precede his
effect in duration, 262; and para-
dox of actual infinite, 211; possi-
ble creations beyond the world,
268; proofs of his existence, 153-
154; questions about, 208; and the
rectilinear motion of the world,
199-200; and the supernatural cre-
ation of a vacuum, 191-193; used
in analogical sense, 204-205; vari-
ous hypothetical creations, 103,
266-270
Goldziher, Ignaz, 241
CGoliath, 108
Grammar, 139
Greco-Arabic science, 161
Greek church fathers, 104, 116~129
Greek Orthodox Church, played in-
hibiting role, 224, 226, 227, 229
Greek philosophers, most were bar-
barians, 108
Greek philosophy, had problematic
role in Islam, 233
Gregory the Great, 111
Gregory IX, pope, 176, 207
Gregory of Rimini: on angels, 210,
215-216; can God make someone
sin, 209; a part of an infinite can
equal the whole infinite, 212-213
Gregory VII, pope, 147, 149
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Gregory Thaumaturgus, 108
Gutenberg, Johann, 26

Handbook(s), 89-93, 122, 142
Handmaiden(s) of theology, 31, 105,
107, 112-113, 227-228, 244, 245,

249-254
Heath, Sir Thomas, 85
Heaven(s): Aristotle on, 51; infinite
void space beyond, 277; shape of,
120, 128. See also World(s)
Hebrew, 168
Hebrew Prophets, 108
Heliocentric hypothesis, 82
Hellenistic period, 78, 137
Heloise, 154
Heracleides of Pontus, 82
Hermann of Carinthia, 167
Hero of Alexandria, 83, 88, 93; works:
Mechanics, 83; Pneumatics, 83
Herophilus of Chalcedon, 65-66
Hexameral commentaries, 31, 114—
115
Hezekiah, king, 106
Hipparchus of Nicaea, 81, 82
Hippocrates of Cos, 6061
Hippocratic Oath, 61-62
Hippocratic School, 61-63; works:
Epidemics, 63; On the Nature of the
Child, 53; On the Nature of Man,
62; On the Sacred Disease, 61
Hobbes, Thomas, 10
Hoffding, Harald, 11
Holkot, Robert: and infinite number
of proportional parts, 210; infin-
ites are equal, 211-212, 215
Holy Roman Empire, 149
Holy seripture(s), interpretation of,
130, 222
Holy Spirit, 218, 227
Homocentric spheres, 75-77
Hoodbhoy, Pervez, 239240

Hooke, Robert, 174

Horse collar, 146

Hugh of St. Victor, 150
Hugolin of Orvieto, 215
Humors, four, 62-63
Hunayn ibn Ishaq, 233
Hypothetical conditions, 176
Hypothetical questions, 221

[amblichus, 100-101

Ibn al-Haytham (Alhazen), 232

Ibn al-Nafis, 232

Ibn as-Salah ash-Shahrazuri, 238—
239, 241-242

Ibn Bajja (Avempace), 233

Ibn Khaldun: opposed philesophy,
242; work: Mugaddimah, 242

Ibn Rushd (Averroes), 232, 233, 239;
work: On the Harmony of Religion
and Philosophy, 240-242. See also
Averroes (Ibn Rushd)

Ibn Sina (Avicenna), 233, 239; work:
Canon of Medicine, 232. See also
Avicenna (Ibn Sina}

Impetus, 194-195

Incarnation, 221

Inertia, principle of, 123

Infinite series, 174

Infinite space, 200

Infinite(s): actual, 124; can God
make an actual infinite, 210-211;
can one infinite be greater than
another, 211; cannot be ordered,
258; cannot be traversed, 258; im-
possible to add to, 257-258; in the
infinite a part can equal the
whole, 212; number of angels,
210; potential, 124, 209

Innocent Il, pope, 158

Intelligences, 194

Intension and remission of forms,
217-218
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Investiture Struggle, 147

Isaias 40:22 (Septuagint), 128

Isidore of Seville, 137, 141, 142-143,
144; works: Etymologies, 142-143;
On the Nature of Things, 142, 143

Isis, 97, 98-99

Islam: contrasted with Christianity,
247; contributed to advance of
human knowledge, 229; disserni-
nated largely by military con-
quest, 230-231; a nomocracy, 235;
science and religion in, 230-243;
a theocracy, 102, 224, 242-243,
244

Islamic sciences, 231

Istanbul, 226, 228

James of Venice, translations of, 166,
167

Jerome, Saint, 111

Jerusalem, 104

Jesus ben Sirach, 105

Jesus Christ, 102, 251

Job 26:[7], 277

John of Damascus (John Dama-
scene): on the importance of phi-
losophy, 109-111, 117, 127-129;
work: Orthodox Faith, 127, 129

John of Salisbury, 150-151, 152;
work: Metalogicon, 150

John of Seville, 167

John XXI, pope, 181

Jordanus de Nemore, 24

Joshua, 106

Jupiter, 77-78

Justin Martyr, 106

Justinian, emperor, 228

Kalam, 235, 236, 239
Kepler, Johannes, 1
Khazini, al-, 232
Khwarizmi, al-, 232
Kilwardby, Robert, 181

Kindj, al- (Alkindi), 178, 232, 233,
239-240
Knowledge, for its own sake, 88

Ladder of nature, 67 -

Lanfranc of Bec, 152-153

Latin church fathers, 104, 111-114

Latin Encyclopedists, 137-145

Latin West, embraced Greek science
229-230

Law, faculty of, 172

Leibniz, Gottfried, 200

Leo Ill, pope, 226

Leucippus of Miletus, and infinity
of worlds, 59-60, 74

Lewes, George Henry, 38

Liberal arts, 91

Light: Oresme on the refraction of,
174; spiritual, 121

Lindberg, David, 83, 166

Lloyd, G.E.R., 19-20, 65, 74

Locke, John, 10

Logic: Augustine’s attitude toward,
113-114; basic subject in Cathe-
dral schools, 149-150; not to be
applied to faith, 150; old, 51, 139,
140, 149-153; in Senterice Commen-
taries, 160

London, 170

Lucretius (Titus Lucretius Carus), 91

Luke 21:25, 131

Luther, Martin, 9

Lyceum, 34, 82, 87, 89

(4

Machines, five simple, 83

Macrobius, Ambrosius Theodosius,
137; work: Commentary on the
Dream of Scipio, 138

Madrasas, 243

Maimonides, 178

Major, John, 207

Makdisi, George, 236

Mamun, al-, 235, 239
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Mansur, al-, Caliph, 233
Manuscripts: Greek, in Byzantium,
229; in the Middle Ages, 26-29

Marius Victorinus Afer, 111

Marsilius of Inghen, 195

Mass, 204, 216

Master of arts, 172

Mathematics, proof in, 4344, 68,
84-85, 113

Matter, and creation, 121

Maximian, 226

Medical schools, in ancient Greece,
60-63

Medicine: Dogmatist schooi of, 63;
Empiricist school of, 63; experi-
ments in, on living animals, 85-
87; four humors, 63; Hippocratic,
61-63; and natural philosophy 48;
and philosophy, 63

Medicine, faculty of, 172

Mercury, 139

Merton College, 218

Mesopotamia, 101

Metaphysics, 43

Metochites, Theodore, 228

Meton, 74

Michael Scot, important translator,
168

Middle Ages: hostile attitude to-
ward, 4-11, 260; an innovative pe-
riod, 12-13

Miletus, 57

Mithras, 97

More, Thomas, 8-9

Moses, 118, 129, 134

Motion, outside the world, 268

Mu'tazilites, and metaphorical inter-
pretation of scripture, 235-236,
237

Muhammad, 102, 224

Miiller, Johannes, 37-38

Mugaddimah, 242

Murdoch, John, 212-213, 220

Music, of the celestial spheres, 130,
139, 143

Mutakallimun, 235, 237

Mutassim, al-, 235, 239

Mutawwakil, al-, caliph, 236, 239,
240

Mutazilism, 236

Mystery religions, and Christianity,
97-99, 101-102

Natural books, 47

Natural philosophers: Greek, and
attitudes toward gods, 19; kinds
of questions they posed, 176

Natural philosophy: accepted by
theologians in the West, 245; ac-
cepted in West, 244; applied to
Eucharist and Mass, 216-217; au-
tonomy of, 187; Bede’s contribu-
tions, 144; commentary form of
literature in, 174-175; conditions
for its acceptance, 245-246; the
conditions for its dissemination,
242; impact of theology on, 203;
independent of theology, 203, 204;
meager in 12th century, 163-164;
mother of all sciences, 22, 23;
often regarded with hostility in
Islam, 233-234; questions form of
literature, 175-176; and religion,
25; regarded as peripheral in
Islam, 243; relation of, to science,
103-104; and sciences, 20-23; and
scripture, 163; in Sentence Com-
mentaries, 159-160; study of,
institutionalized, 229-230; and
theology, 248; types of literature,
172-176; typical questions in, 22—
23, 161-164

Natural places, 267

Nature: and Basil, 122; as a cause,
46; healing power of, 62, 105-106

Nazi Germany, 247
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Neo-Platonists, 94

Neo-Pythagorean scheol, 99

Newton, Isaac, and tri-
dimensionality of God, 1, 174,
200, 202

Nicene Creed, 227

Nicomachus of Gerasa, 84

Qath of 1272, 177-178, 189, 191, 193,
194, 203

Octavius, 225

Ogle, William, 38-39

Old Testament, 106, 108

Omar Khayyam, 232

Ontological proof (ur argument),
153-154

Optics, 22, 25

Oresme, Nicole: and absolute rech-
linear motion, 200; on daily rota-
tion of earth, 223; God used in
analogical sense, 204; proof of
mean speed theorem, 218; on the
refraction of light, 174, 245, 271-
278; work: On Seeing the Stars, 174

Origen, relations of philosophy and
Christianity, 108-109, 250

Oxford, University of, 169, 170, 176,
181, 218

Papal Revolution, 147-148

Pappus of Alexandria, 93; work:
Mathematical Collection, 84-85

Paris, University of: antagonism of
arts and theology faculties, 179;
Qath of 1272, 177-178; Parisian
Synod of 1210, 169-170; sought to
separate theclogy and natural
philosophy, 169, 170, 176, 190,
197, 203, 207, 218, 240

Parmenides of Elea, 58

Paul, Saint, 154

Peripatetics, 94

Peter Alfonso, 167

Peter Lombard: form of commeén-
taries on his work, 206-207;
Sentences of, 159-160, 184, 202,
213, 218

Peters, F. E., 246

Petrarch, Francesco, 6

Pharisees, 102, 246

Philip I, king of Macedon, 34

Philo of Alexandria, 105, 115-116

Philo of Byzantium, 82

Philoponus, John: arguments
against eternity of world, 124-126;
arguments against infinite, 124—
125; commentaries on creation,
123; and creation from nothing,
127; opposed Aristotle’s theories,
95, 117, 122-127, 167, 211, 228,
233, 257; work: Agninst Proclus,
124

Philosopher-physicians, 233

Philosophers, errors of, 254-256

Philosophy: became rival to Chris-
tianity, 99; broader than sciences,
103; as described by John of Dam-
ascus, 110-111; had much in com-
mon with theology, 253

Philosophy, applied to sacred truth,
250-254

Phrygia, Great Mother of, 97

Physics, 22, 24, 44. See also Natural
philosophy

Pisa, Leaning Tower of, 123

Planets, and traversal of infinites,
125, 128, 129, 134

Plato: Aristotle’s teacher, 33; and as-
tronomy, 74; attitude toward dead
body, 63-65; closing of Academy,
228; on creation, 16-17; and cre-
ation from nothing, 189; on exis-
tence of world, 129; influenced
Christians, 126; and mathemati-
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cians, 68; translations of his works
into Arabic, 6, 93, 98, 104, 105,
114, 116, 127, 128, 232; works:
Phaedo, 63—64; Timacus, 16-17, 94,
115

Plato of Tivoli, 167

Pliny (Gaius Plinius Secundus), 91-
93, 137, 142, 144; work: Natural
History, 91-93

Plotinus: founder of neo-Platonism,
99; his understanding of God, 99-
100; work: Enneads, 99

Plutarch, 82

FPorphyry of Tyre, 100; work:
Commentary on Plato’s Timaeus,
138

Posidonius, 91

Postulates, 69

Pre-Socratics, abandoned supernatu-
ral explanations, 57-60, 74

Prime Mover. See Unmoved Mover

Probing and poking around, 224

Proclus, as commentator on Plato’s
works, 68, 84, 93, 94, 126

Proportional parts, 210

Protestant Reformation, 247

Psalms: 95:11, 128; 103:2, 128; 103:2—
3,273; 113:3, 128

Ptolemy, Claudius, 18-19, 75, 82, 84,
88, 90, 140, 228; works:
Mathematical Syntaxis (Almagest),
78, 101; Optics, 83; Tetrabiblos, 101

Pythagoras of Samos, 58, 68

Pythagorean theorem, 68

Pythagoreans, 73, 98

Quadrivium, 91, 139, 140, 143

Questions: counterfactual, 220; in
natural philosophy, 175-176; rais-
ing of, 157; in Sentences, 207-208;
structure of typical question, 175

Qur’an, 224, 231, 236, 242, 243, 246

Rationalists, in Islam, 236

Razi, al- (Rhazes), 85, 232, 239

Reason: Anselm’s use of, 153-154;
and authority, 148; Boethius’ em-
phasis on, 140-141; new emphasis
on, 146; and revelation, 13-14,
151-152; in theology, 148-149; use
of, 158-159

Redemption, 221

Religion: interpreted to mean theol-
ogy, 14; and science, 248

Renaissance, 1, 260

Resurrection, 217, 238, 255

Revelation: beyond reason and
logic, 221; and reason, 13-14, 151—
152

Rhazes. See Razi, al- (Rhazes)

Rhetoric, 139

Richard of Middleton: can God do
contradictory things, 209; and
motion of angels, 207, 215

Robert of Chester, 167

Roman Catholic Church, 226227

Roman Empire: and Christianity,
231; Greek science in, 57, 83-88,
102, 103, 146, 225, 226-227, 246

Romans, and handbook tradition,
90-93

Rome, 170, 226

Rosenthal, Franz, 242

Rupert of Deutz, 158

Sabra, A. 1., 231, 235

Saturn, 77-78

Science(s): exact, excluded from nat-
ural philosophy, 48—49; how term
is used, 20-24; interpreted as nat-
ural philosophy, 14; medieval and
modern, 24; middle, 49; not con-
troversial in Islam, 231-232; and
religion, 248; usually devoid of re-
ligious content, 20-21, 24-25
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Scientia, 21

Scribes, 2629

Scripture, 223; speaks to simple peo-
ple, 153

Seleucus the Babylonian, 82

Seminal reasons, in Augustine, 132

Seneca, Lucius Annaeus, 91, 111,
137, 142, 251

Sense perception, 44

Sentences: can charity increase in
man, 218; commentaries on, 159-
160, 184, 189

Seven liberal arts, 139, 140

Sicily, 165

Siger of Brabant, 177

Simplicius, 95; critic of Philoponus,
84, 123, 127, 167, 196, 197, 228,
233

Singer, Charles, 11

Size, relative, 272-274

Socrates, 63-64; death of, 104, 106

Sorabji, Richard, 125

Souls, on possible infinity of, 264

Southern, R. W., 150

Soviet Union, 247

Stahl, William, 144-145

Stoics, 196

Strato of Lampsacus, 82

Substance(s): and the Eucharist, 216;
and their accidents, 176, 216

Sylla, Edith, 217, 220

Sylvester 11, pope, 149

Tatian, 104

Taylor, A, E., 40

Technology, 12

Tempier, Stephen, bishop of Paris,
177,181, 184

Tertullian, 65, 104

Thales, 57, 58, 73

Theaetetus, 68

Themistius, 94, 167, 228

Themon Judaeus, 204

Theocracy, in Byzantine Empire, 246

Theodoret, 104

Theodoric, emperor, 141

Theodosius, emperor, 102, 226

Theologian-natural philosophers,
224, 229, 244-245

Theologians: attacked by Erasmus,
6—7; Buridan’s attitude toward,
191-195; in Byzantium, 245; and
counterfactual questions, 220-221;
explaining the Eucharist, 216-217;
in Islam, 243, 245; void space and
God’s infinite omnipresence, 199

Theology: analytic rather than spiri-
tual, 221; became analytic disci-
pline, 207; foundation of, 154; has
much in commeon with philoso-
phy, 253; impact of natural philos-
ophy on, 207; is it a science, 184~
187; “queen of the sciences,” 179-
181, 187; superior to all other sci-
ences, 185-187; use of analytic
techniques in, 141, 208

Theology, faculty of, antagonistic to
arts faculty, 172, 179, 181-182

Theon of Alexandria, 84

Theophilus of Antioch, 127

Theophrastus, 33, 35, §9-90

Thomas Aquinas: adopted Augus-
tine’s approach, 222-223; on an-
gels, 213-215; is theology a
science, 167, 184-187, 189, 205,
207; work: Summa of Theology, 185,
213,222

Thorndike, Lynn, 143

Time, 255; is eternal, 134-135

Toledo, 165

Toulouse, University of, 176

Traditionalists, in Islam, 236

Translations: from Arabic into Latin,
167-168; of Greco-Arabic science
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into Latin, 165-169; from Greek
into Latin, 166-167; of Greek sci-
ence into Syriac and Arabic, 231

Trinity, 221

Trivium, 91, 139

Tullius. See Cicero

Universities: and corporations, 171-
172; four faculties of, 17-72, 172

Unmoved Mover, 17-18

Up, and down, 274-276

Vacuum: Aristotle rejected, 50-51;
Buridan’s definition of, 193; mo-
tion in a, 123; “nature abhors a,”
22, 191-193, 195-196, 267268

Valla, Lorenzo, 6

Varro, Marcus Terrentius, 90-91

Venice, 165

Venus, 139

Vikings, 12, 145, 146

Vitruvius, 91

Vives, Juan Luis, 7-8

Vivisection, 65-66, 85

Void, 60

Void space: beyond the world, 199;
infinite, beyond waorld, 200-201

Voltaire, 4

Wallace-Hadrill, D. 5., 135

Water(s): biblical, 117, 129; abave the

firmament, 130-131
Western Europe, contributed to
human knowledge, 229

Whole-in-every-part doctrine, 202

William of Conches, 161; attitude to-
ward authority, 162-163; work:
Dragmaticon, 162

William of Moerbeke, translations
of, 166-167

William of Ockham, 216-217

William of St. Thierry, 162

Wolfson, Harry A., 168-169

World(s): arguments against eternity
of, 257-260; Aristotle denies a
plurality of, 271; concentric, 272~
274; creation of, 115-116; did not
begin, 255; different types of plu-
rality of, 197; do other worlds
exist, 197-199; does anything exist
beyond, 197; eternity of, 182-183;
eternity of, is logically possible,
260; existence of void space be-
yond, 144, 199; finite or infinite,
265-270; has being from nothing,
260; is a sphere, 223; on its begin-
ning and end, 120-121; QOresme
imagines a plurality of, in three
ways, 271-278; Philoponus argues
against beginning of, 123-126;
plurality of, 196-199; shape of,
134; synonymous with heavens,
51; what God may create beyond
it, 266-270. See also Heaven(s)

Yoke harness, 146

Zeno of Elea, 58-59
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