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THE CHRISTIAN ORIGIN OF SCIENCE

Peter Hodgson <Professor, Oxford University >

Viewed in the widest historical
perspective, the explosive develop-
ment of science in seventeenth cen-
tury Europe is one of the most aston-
ishing events in the whole of human
history, It makes our civilization un-
like any other. For the first time
people all over the world are joined
together by rapid communications,
easy travel and extensive trade. Why
did this understanding of the detailed
structure of the world that we call s-
cience develop and come to maturity
just when where it did? This is a
question that can lead us to the heart
of the relation between science and
the Christian basis of our civilization.

It is usual to discuss the relation of

science to religion as if there are two -

independent activities. We can then
compare and contrast their objec-
tives, their modes of procedure and
the status of their conclusions. This
is not without value, but it presup-
poses that they are two independent
activities that have somehow to be
related to each other. This directs
attentions away from the central poi-
nt that is essential for the under-
standing of their relationship, namely
that when seen in the perspective of
history there is an organic connection
between them. Science as we know it
is based on certain definite beliefs
about the world, and these beliefs
have their origin in the theology of
Christian Europe.

If we look at the great civilizations

of the past, in China and India, in’

Babylon and Egypt, in Greece and
Rome,
developed social structures, magnifi-
cent artistic and architectural
achievements,
and philosophy, but nothing remotely
equivalent to modern science. We

~ find great skill in the working of wood

and metal, ingenious mechanical con-

trivances and perceptive philosophi-

cal speculations about the world, but
not the detailed quantitative under-
standing of matter, from quarks to
galaxies, expressed as the solution of
a few differential equations, that is
the hallmark of the more developed
areas of modern science.

Most of the civilizations of the past
wére able to provide all the material
réquirements for the growth of sci-

we frequently find well-

imperishable drama

ence. There was a leisured class,
technical skills and systems of writ-
ing and mathematics. Obviously this

by itself is not enough. What was

lacking was the attitude of mind
towards the material world that is the
essential precondition of science, and
in some cases 2 social structure that
allows new ideas to flourish.

What do we have to believe before
we can hope to become scientist? We
must believe that the world is in
some sense good, so that it is worthy

‘of careful study. We must believe

that it is orderly and rational, so that
what we find out one day will still be
true on the next day. We must
believe that this order is open to the
human mid, for otherwise there
would be no pint in trying to find it.
We must believe that this order is not
a necessary order that could be found
out by pure thought like the truths of
mathematics, but is rather a contin-
gent or dependent order that can only
be found by making experiments.

In addition to these beliefs about
the world itself, the development of
science depends on moral convictions
such as the obligation to freely share
any knowledge that is gained. Fur-
ther more, once it becomes clear that
scientific understanding can be ap-
plied to grow more food and to cure
diseases then its further development
is encouraged if we believe that we
should do these things to help our
fellow men.

These beliefs may seem obvious to
us, but in the context of human his-
tory they are very special. They are
not found in the ancient civilizations,

" and that is why science is the modern

sense never developed among them.
In some cases, -particularly in ancient
Greece, an impressive start was
made by a few individuals of genius,
but they lacked the support of a co-
herent set of beliefs shared by the
whole community, and it never be-
came a self-sustaining enterprise.
Why were these beliefs found in
Christian Europe? Is there any con-
nection between the medieval the-
ology that formed the mode of Eu-
rope in the critical centuries before
the birth of science? In each case we
find that there is indeed such a con-
nection. In order to see that this is so

we have to look in more detail at the
historical development of science.

The Origin of Science

Our present scientific and technical
knowledge has been attained by a
long, hard and winding road from the
astronomical observations of the
Babylonians to the quantum theory

and supercomputers of today. Initial-

ly, science was not distinguished
form philosophy and its roots are to
be found in the early struggles to
make sense of the wotld. Before an—

swers can be found, we must ask the -

right questions. What methods
should we use to understand nature?
How can we know that our answers
are true? Why do things change? Is
there an unchangeable reality
beneath the changes that surround
us? Over the centuries these ques-
tions have been answered in different
ways under the influence of the sur-
rounding culture.

It was extremely difficult to get s-
tarted. The early Ionian philosophers
made some tentative speculations,
but the first really systematic attem-
pt was made by Aristotle. He took all
knowledge for his province and pro-
posed a vast rational structure em-
bracing all fields of activity from
mathematics, physics and biology to
politic, art and music. He as an ex-
ceptionally acute observer, and many
of his biological descriptions and dis-
coveries were not surpassed until the
invention of the microscope about
two millennia later,

Aristotle was primarily concerned

. with the general principles of nature

and with the qualitative relations a-
mong things, and not with precise
quantitative analysis. He recognized
that some natural phenomena such as
optics and musical harmonies could

be described mathematically, but he

distinguished this. from mechanics on
the one hand and natural philosophy
on the other. .
Aristotle considered the world as
an organism acting for a purpose.
Ever material body has a natural
place and always moves towards that
place. This may be seen most clearly
in his discussion of motion, the most
fundamental phenomenon that lies at
the basis of physics and hence of all
science, He distinguished between
two types of natural motion, the cir-
cular motion characteristic of the
celestial bodies, the linear notion
characteristic of bodies on the earth.
The celestial realm is changeless and

incorruptible and the planets must
move in circular orbits because the
circle is the most perfect curve. On
the earth, bodies strive to reach their
natural place, fire going upward and
heavy bodies downwards. Their rate
of all depends on their weights, and
heavy bodies strive more strongly to
reach their natural place: a body of a
certain weight thus fall twice as fast
as one of half its eight. Thus al-
though Aristotle maintained that all
knowledge come to us through the
senses, he often preferred his deduc-
tions to the simplest observations. In
this cases a thought experiment suf-
fices, as according to him two equal
weights joined by a light rod should
fall at twice the speed of the uncon-
nected weights,

Aristotle analyzed the concepts of
space, time and motion, and came to
the conclusion that the world is eter-
nal. He also believed that time is cy-
clic, so that after a long time every-
thing is repeated again and again,
without end.

The Aristotelian world picture is a

. logically coherent structure that

served as a framework for thinking
for almost two thousand years. By its
emphasis on purpose, a concept that
has no place in physics, its over-op-
timistic belief that it is possible to in-
tuit the structure of the world and its
lack of understanding of the impor-
tance of quantitative measurement it
prevented the development of
genuine science. Other Greeks,
notably Archimedes and Euclid,
made fundamental advances in
geometry and the analysis of natural
phenomena, but in spite of this hero-
ic beginning Greek science never
developed into a self-sustaining en-
terprise.

Aristotle thought that everything
can be ordered and explained by rea-
soning from first principles, starting
form the Prime Mover. A major diffi-
culty is to find the principles. Aris-

_ totle tried to do this on purely ration-

al ground, but it soon became clear
that in many cases introspection is
not enough, an that it is first neces~
sary to observe the phenomena, and
then to try to see how it can be ex-
plained by the principles.

To sum up, he believe in the eter-
nity of the world, in a cyclic
universe, and in a world of purpose,
even in material things. He also
believed that celestial matter, the
world of the stars and planets, is
corruptible, unlike terrestrial matter
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that can under go change. These
beliefs prevented the development of
science for two thousand vyears.
Their stranglehold had to be broken
before science could develop into its
modern form.

A new beginning, a fresh style of s—
cientific thinking, was made possible
by the Judeo—Christian vision of the
world, The God of the Hebrews is
very different form the God of Plato
or the Prime Mover of Aristotle, Ac-
cording to Plato, the world is gen-
erated in accord with the eternal
ideas, and Aristotle' s Prime Mover is
the first cause: in both cases they
necessarily produced the best of all
possible worlds. Furthermore, Aris—
totle believed that human reason can
discover the constitution of the world
and why it must be made as it is. In
sharp contrast, the God of the He-
brews freely created a world com-
pletely distinct from himself, and His
actions are inscrutable to me unless
He freely chooses to reveal His
plans.

The book of Genesis bears witness
to the Hebrew belief in a transcen-
dent Creator from its opening
phrases: “In the beginning God
created the heavens and the earth”..
“And God saw all that He had made,
and indeed it was very good” (Gen I:
31). In contrast to the confused
creation myths of the surrounding
nations, the creation story in Genesis
has a clear logical structure, ex-
pressed in poetic form. It clearly ex-
presses belief in the absolute
sovereignty, rationality and benevo—
Ience of God who bring everything
into being by His command and com-
munications His own goodness to
them Although not expressed in
modern language, it contain the es—
sential beliefs about the world that
must be held if science is to flourish.

The earliest psalms tell us how God
made the world and prepared it for
man, He sets the heavens, the moon
and the stars in their places and
makes man the ruler over his works,

“ordering everything “in measure,

number and weight” (Wis 11:20). In
His reply to Job, Yahweh asks

“Where were you when I laid the
earth’s foundations?

Tell me, since you are so well-in-
formed !

Who decided the dimensions of it,
do you know?

Or who stretched the measuring line
across it?”

God is all-powerful, and He alone
is to be worshipped. The animist
beliefs of the Egyptians and the
Babylonians, the gods of the forest
grove, the belief in the divine earth-
mother, are all totally rejected.

Nothing comes into being , nothing

remains in being, without being loved
willed by God :

“You made all that exists; you hold
nothing

of what you have mad in abhor-
rence,

For had you hated anything you
would not have formed it.

And how, had you not willed it,
could a thing persist? ‘

How be conserved if not called forth
by you?” (Wis, 11:24-26)

The heroic mother of the seven
martyred brothers in Maccabees
likewise expressed her belief in
creation when she exhorted her sons
to stand firm, saying to them: “I do
not know how you appeared in my
womb; it was not I who endowed you
with breath and life. I have not the
shaping of your every part. It is the
creator of the world, ordaining the
process of man’s birth and presiding
over the origin of thing, who in his
mercy will most surely give you back
both breath and life, seeing that you
now demise your own existence for
the sake of his laws”. When it cam to
the last son, Antiochus tried to per-
suade him to abandon the traditions
of his ancestors, and appealed to his
mother to advise the young man to
save his life. She finally agreed to
persuade her son, but she fooled the
cruel tyrant with the words: “I im-
plore you, my child, observe heaven
and earth, consider all that is in
them, and acknowledge that God
made them out of what did not exist,
and man kind comes to being in the
same way. Do no fear this execu-
tioner, but prove yourself worthy of
your brothers, and make death wel-
come, so that in the day of mercy I
may receive you back in your
brothers' company”.

The faithfulness of God to Israel is
compared with the reliability of natu-
ral phenomena (Jer 31:35).

“Your word, O Lord, for ever

Stands firm the heaven.

Your truth lasts from age to age

Like the earth, your creator” (Ps.
118:89).

The order and stability of natural
phenomena is taken for granted with
the same quiet certainty as shown by
the mother of the seven brothers:

God’'s laws are permanently valid,
and endure forever:

“When God created His works in
the beginning

" He allotted them their portions as
soon as they were made.

He determined his works for all
time

from their beginnings to their dis—
tant future.

They know neither hunger nor

weariness,

And they never desert their duties.
None has jostled ever his neighbor,
They will never disobey his word”

(Sir 16:24-26)/

Matter is entirely passive and it
consequently endures, obedient to
God's will. It is a perfect model for
us. In all these accounts of creation
there is no distinction between the

“heavens and the earth, between the

celestial and the terrestrial realms:

. both are made by God and are totally

subject to His laws.

Thus according to Judeo—Christian
beliefs the world is the free creation
of God from nothing. The structure
of the world cannot therefore be de-
duced form first principles: we have
to loot at it, to make observations
and experiments to find out how God
made it. This reinforces the Aris-
totelian principle that all knowledge
comes through the senses, but re-
quires it to be situated within a wider
set of beliefs concerning the nature
of the world that is implicit in the
doctrine of creation. Aristotle’s nat-
ural theology is thus transformed into
the Christian notion of divine provi-
dence: God is not simply the Prime
Mover or First Cause , He is the
cause of the very existence of the
world and its continuance in being.

We know that the world is rational
because it was made and is kept in
being by a rational God. It is contin-
gent because it depends on the Dev-
ine Fiat: God could have chosen to
make the world in a different way.
There is here a delicate balance
between the rationality and the free-
dom of God: tip the balance one way
to the other and you have a belief in

" a necessary or in a chaotic world,

both inimical to the growth of sci-
ence. Finally, we are assured that
the enterprise is a practicable one,
that the world is open to the human
mind, because God charged us to
have domination over I, and He does

not command the impossible: 'be

fruitful, multiply, fill the earth and

conquer it. Be masters-of the fishes '

of the sea,: the birds of heaven and
all living animals on-the earth’ (Gen
1.28). Whatever wisdom we acquire,
we must pass on to others: ' what I

have learned without ‘self-interest, I _

pass on without reserve; I do not in-
tend to hide her riches. For she is an
inexhaustible treasure to men, and
those acquire it win God’s friendship
(Wisdom 7.13).

The first study of the effect of the
Hebrew theology of creation on
Greek philosophy was made in the 1st
century BC by Philo Judaeus of
Alexandria. He accepted the Greek
idea of unchangeable causality, but
not the modes of causality proposed
by Plato, Aristotle and the Stoics.
Following Secripture, he argued that

sign. He emphasized

“God did not act as Aristotle had
maintained as an essentially passive
first cause co-eternal with the world
emanating by necessity from divine
reason, that God did not make the
world our of pre-existing matter as
Plato proposed in the Timaeus, that
God was neither material nor in the
world as supposed by the Stoics, and
that God is in no way necessitated,
but that he had acted with entirely
free omnipotence in the creating ex
nihilo a world separate from himself”
(Crombie, 294). He used the word
logos to denote the rational pattern
on which God modeled His creation,
the immutable laws governing the
world that show God's power within
it. They are often obscure to us, but
they lie behind the motions of the s-
tars and all natural phenomena. God
is the absolute Lerd of the universe:
He has laid down its laws but can
overrule them at will,

The Early Christian Centuries

The birth of Christ further enno-
bled the matter of the universe, and
his teaching reinforced and enhanced
the teaching contained in the Old
Testament. The debilitating belief in
a cyclic universe, held in all ancient
cultures, was decisively broken by
the Christian belief in the uniqueness
of the Incarnation. Henceforth his-
tory was no longer an infinite series
of dreary cycles, but a liner story
with a beginning and an end. In-
herent in Christ’s teaching is a set of
beliefs about the world that eventual-
ly led to the first viable birth of sci-
ence in the High Middle Ages, and to
its subsequent flowing in the Renais-
sance,

In the early Christian centuries
several philosophers examined the
cosmology of creation in the context
of Christian theology. In the 3rd cen-
tury A.D., Lactantius rejected the
Stoic belief that nature is animate
and that God is within the world, and
also the Epicurean belief that the
world is simply that product of
chance, without any providential de-
that God with
infinite power created $he world out
of nothing, so that he is absolutely

‘separate from His creation. Nature is’

designed by God ultimately for the
benefit of man, and has no power of
its own that does not come from God.
This implies that nature is an inani-
mate mechanism operating according
to fixed laws. In the 4th century A.
D., Basil of Cappodocia insisted,
contrary to Plato, Aristotle and other
Greek philosophers, that nature is
not animate, nor is it a living thing
endowed with senses. When plants
and animals grow, they do so follow-
ing Goc' ; command and in accord
with His aws. ' ‘
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The Christian beliefs concerning
creation emphasize not only that the
universe was created by God out of
nothing and in time, but that the
universe is totally dependent on God
and totally distinct from God. The
universe at any instant is sustained in
being by God, and without this sus-
taining power it would immediately
lapse into nothingness,

At that time there were passionate
debates about the nature of Christ,
and heresies abounded. To define the
true nature of Christ was the task of
a series of Councils of the Church,
and of these the Council of Nicea
(325) formulated the creed that is
widely held today:

‘Credo in unum Deum. Patrem om-
nipotentum, factorem coeli et terrae,
visibilium omnium et invisibilium. Et
in unum Dominum Jesum Christum,
Filium Dei unigenitum. Et ex Patre
natum ante omnia saecula. Deum de
Deo, lumen de luminae, Deum verum
de Deum vero. Genitum, non fac-
tum, consubstantialem Patri; per
quem omnia facta sunt...’

It is easy to recite these hallowed
phrases without fully realizing their
impact, and still more their impor-
tance for science. The beginning of
the Nicene creed asserts the creation
of the universe by God: ‘Factorem
coeli et terrae’. One of the early
heresies was pantheism that failed to
distinguish between God and His
creation, holding that it is in some
way part of God. In the Greco-Ro-
man world the universe was thought
of as an emanation from a divine
principle that is not distinguished
from the universe. Pantheism is ex-
plicitly excluded by the Nicene creed
when it says that Christ is the only-
begotten Son of God. Christ is begot
ten, not made. Only Christ was be-
gotten and thus shared in the sub-
stance of God, the universe was
made, not begotten. (‘Et in unum
Dominum Jesum Christum, Filium
Dei unigenitum.. Genitum, non fac-
tum’). Since pantheism was one of
the beliefs preventing the rise of sci-
ence in all ancient cultures, the
Nicene creed prepared the way for
the one viable birth of science in hu-
man history.

Many ancient cosmologies held that
the world is a battleground between
the spirits of good and evil. This
dualism is inimical to science because
it makes the world unpredictable.
Dualism is excluded by the Nicene
creed when it says that all creation
takes place through Christ (‘per
quem omnia facta sunt’).

In his Epistle to the Colossians, St.
Paul says that in Christ all things
took their being, and were all created

.. through, him and in him (Coll 1.15.).

He stressed Christ as the divine logos -

and the consequence that the
creation must be fully logical and or-
derly. He referred to creation out of
nothing when he praises God “who
restores the dead to life and calls into
being those things which had not
been” (Rom 4:17) and promises that
through Christ they would under-
stand “the breadth, the height and
the depth” (Eph 3.18).

Inherent in the Christian doctrine
of creation is the belief that God
freely chose to create the universe.
He was not in any way constrained
either to create or not to create it in
the way that He did. It is therefore
not a necessary universe in the sense
that it had to be created or could not
have been created otherwise. There
is therefore no possibility of finding
out about the universe by pure
thought or by a priori reasoning. We
can only hope to understand it by s~
tudying it and by making experimen-
ts. Thus the Christian doctrine of
creation encouraged the experimental
method, essential for the develop-
ment of science.

The theology of St. Augustine of
Hippo (354-430) encouraged the sys—
tematic study of the natural world,
since he believed that its sacramental
nature is symbolic of spiritual truths.
He was a compulsive observer of nat-
ural phenomena, always on the look-
out for anything that gives even a
fleeting glimpse of the Reason behind
all things. The laws of nature are ob-
jective and inexorable, unalterable by
us but not by God. He encouraged
the study of nature and the search
for its laws, to read the book of
nature: “Look above and below,
note, read. God, whom you want to
discover, did not make the letters
with ink; he put in front of your eye-
s the things that he made”, Following

Plato, he recognized the importance.

of mathematics, saying that the laws
of nature are the laws of numbers,
There is a rational pattern in nature,
which follows from the unchanging
laws that govern its development
through time. He was interested in
nature primarily because it reveals

‘God to the attentive observer. His

philosophical reflections on the
nature of time are still quoted as a-
mong the most profound ever writ-
ten.

In the early sixth century John
Philoponus, a Christian Platonist who
lived in Alexandria, wrote exten—
sively on the material world, showing
the influence of Christian beliefs on
those of the surrounding pagan wor-
Id, particularly those derived from

" ancient Greece, He commented ex-

tensively on Aristotle, whom he
greatly admired, but when the
teaching of Aristotle was contrary to
Christian belief he did not hesitate to

important in his commentary on Aris-
totle’s physics where he said, con-
trary to Aristotle, that all bodies
would fall in a vacuum at the same
speed, irrespective of their weight,
and that projectiles move through the

air not due to the motion of the air

but because they were initially given
a certain quantity of motion. This is
a remarkable anticipation of ideas
normally associated with Galileo, and
shows a decisive break with Aris—
totelian physics. He was not the first
writer in antiquity to break with
Aristotle, but he did so more clearly
and decisively.

The connection between his rejec-
tion of Aristotelian ideas and his
Christian beliefs is to be found in the
doctrine of creation. Addressing the
question of motion, he asked ‘could
not the sun, moon and the stars be
not given by God, their Creator, a
certain kinetic force, in the same
way as heavy and light things were
given their trend to move? He also
believed that the stars are not made
of the ether but of ordinary matter,
thus rejecting Aristotle’s distinction
between celestial and terrestrial mat-
ter.

This shows very clearly that the
Christian beliefs about the world are
incompatible with the Aristotelian

views on the divinity of celestial mat-

ter and the eternity of motion. It was
thus inevitable that the spread of
Christianity should lead eventually to
the destruction of Aristotelian
physics, thus opening the way to
modern science. This is not to say,
however, that Christian beliefs give
any specific guidelines for the devel-
opment of science, but the removal
of obstacles is by itself no small ser-
vice.

Philoponus was also the first to say
that Genesis was written for spiritual
and not for scientific instruction, a
wise statement that was too far in
advance of its time to be congenial to
contemporary theologians. This the-
ological boldness perhaps explains
why Philoponus’ ideas did not lead to
further scientific developments. His
ideas on motion are remarkably sim-
ilar to those of Buridan and Oresme
in the High Middle Ages, which did
succeed in initiating the scientific en—
terprise, To be fruitful, ideas have
not only to be right, but they need to
fall on fertile ground, in this case a
society sufficiently developed to
make full use of them, and this was
lacking for Philoponus. There has
been some speculation about whether
the ideas of Philoponus were known
to Buridan, but nothing seems to be
established definitely on this ques—
tion,

We are now on the threshold of the
decisive breakthrough that led even-
tually to the rise of modern science.

The High Middle Ages

Early in the twelfth century, Hugh
of St. Victor saw the study of the
natural world as a twofold process,
first the assent of reason to the
purely spiritual and then a descent to
examine in its light the information
provided by the sense. In so doing he
expressed the mathematical rational-
ism of Plato and inspired his contem-
poraries William of Conches, Thierry
of Chartres and Adelard of Bath, for
whom reality was autonomous nature
to be grasped by reason.

In the twelfth and thirteenth cen-
turies there was a remarkable flow-
ering of creativity in many areas of
human activity. At the sociological
level, this was largely due to the new
concept of treating a group of people
as a separate legal entity. This en-
abled them to act with considerable
freedom, but always subject to the
law. It came about as a result of
what has been called the Papal revo-
lution, by which the Church asserted
its freedom from the civil authorities.
Previously, it was usual for clerical
appointments to be made by the civil
authorities, but now the Church in-
sisted that it alone had the authority
to do this., This established the
Church as a separate legal entity and
put constraints on the power of the
civil authorities. The most significant
result was the creation of a separate
legal system with its own area of ju-
risdiction. Once this idea was estab-
lished, both Church and State be-
came federations of many corpora-
tions, each with a measure of au-
tonomy. Among these were cities,
the first universities, the legal and
medical professions, banks and busi-
ness organizations and later on the s-
cientific community itself,

In the High Middle Ages, many
universities were founded by the
Church to provide higher education
for those educated in the monastic s-
chools, to train future clerics and to
facilitate the spread of learning. It
was in these universities that the de~
cisive breakthrough that led to the
rise of modern science took place.
The works of Aristotle and the other
Greek philosophers were translated
into Latin and were used by theolo-
gians to express the truths of the
faith in more precise language, and
by philosophers to refine their view
of the natural world.

So great was the prestige of Aris-
totle that the philosophers of the
medieval schools taught by com-
menting on his texts. Some of Aris—
totle’s teaching, however, was in-
consistent with the Christian faith,
and the philosophers did not hesitate
to differ from Aristotle when it
seemed necessary. In 1215 the
Fourth Lateran Council decreed that
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all creation, spiritual and material,
took place out of nothing and in time.
This is directly contrary to Aristotle’
s belief in the eternity of the world.
There was intense discussion on a
variety of topics, notably concerning
the creation of the world and the mo-
tion of bodies. In 1277 the bishop of
Paris, Etienne Tempier, found it ne-
cessary to condemn 219 philosophical
propositions as contrary to the Chris-
tian belief. His main purpose was to
defend God's absolute power against
any attempt by the Aristotelian
philosophers to set limits to it.
Several of the condemned proposi-
tions set limits to God’s power, say-
ing for instance that He cannot make
more than one world or to move the
world so as to produce a vacuum.
Tempier thus reasserted the belief
that God can freely create any world,
just as He chooses. This was a

turning point in the history of |

thought, as it liberated philosophers
from bondage to Aristotle and chan-
nelled philosophical speculations
about mation in a direction that led

eventually to the destruction of Aris- -

totelian physics, thus opening the
way to modern science.

The theology of divine omnipotence
had important consequences for the
development of science as a result of
Aquinas’ distinction between God's
absolute and ordained powers. God
always has absolute power over all
things, but he endows the natural
world with specific natures, ac-
cording to His plan for creation.
These normally determine the be-
haviour of natural phenomena. It

thus becomes a reasonable activity to

try to find out about the -world. Nor-
mally, by virtue of God’s ordained
power, the natural world strictly fol-
lows God's laws, and yet this does
not prevent God from doing whatever
he chooses by virtue of his absolute
power. This reinforces the stability
of nature as a sign of God's faithful-
ness so frequently expressed in the
Old Testament (Jer 31:35-36: 33: 25—
26), while leaving open the possibility
of miracles.

One of the medieval philosophers,
Jean Buridan, was particularly in-
terested in the nature of motion.
This is the most fundamental prob-
lem of physics, and so if science is to
begin it must begin here. In full con—
sistency with his belief in creation,
he wrote that ‘God, when He created
the world, moved each of the celesti-
al orbs as he pleased, and in moving
them. He impressed upon them im-

* petuses which moved them without

Him having to move them any more
except by the method of general in-
fluence whereby He concurs as co-a-
gent in all things which take place’.
This reinterprets the dictum of

. A‘r}sth}e‘, who ;equifed the con-

tinuing action of the mover
throughout the motion. The mover is
now located within the body, and
what Buridan called impetus was
later refined into the concept of mo-
mentum, and his insight became
Newton’s first law of motion. Buri-
dan’s works were widely published
and his ideas became known
throughout Europe, to Leonardo da
Vinei and to the scientists of Renais—
sance times.

The Christian belief in the creation
of the world by God also undermined
Aristotle’ s sharp distinction between
celestial and terrestrial matter. Since
they are both created, why should
they be different? Indeed, Buridan il-
lustrated his concept of impetus with
reference to the long jump; thus im-
plicitly presupposing that celestial
and terrestrial motions are similar,
This made it possible for Newton to
see that the same force that pulls an
apple to the ground also keeps the
moon in its orbit.

Belief in the Order of Nature

A vital component in the rise of s-
cience is the belief in the order of the
world, that is the idea that every
event is the precise result of preced-
ing events. This implies that what-
ever measurement we make should
correspond exactly, that is within the
uncertainties of measurement,
without theories. A corollary to this
is that if we want to test out theories
we should make the most accurate
meastirements we can. This insis-
tence on precision is essential for the
progress of science. An illustration
of this is the work of Kepler on the
orbit of the planet Mars. Some very
accurate measurements had been
made of its position by Tycho Brahe,
probably the most accurate that
could be made before the invention of
the telescope. Kepler resolved to find
the orbit. He believed, following
Aristotle, that the orbit was circular,
as befits incorruptible celestial mat-
ter. He found that indeed it is very
nearly a circle, but however hard he
worked, he could not make it fit Ty-
cho’ s measurements. He could find a
circular orbit that agreed with the
measurements to about ten minutes
of arc, but not to two, which was the
accuracy of the measurements,
Many people would have said that
this was good enough, and gone on to
do something else. But it was not
good enough for Kepler, who
believed that the fit must be exact,
within the uncertainties of the mea-
surements. So he toiled on and on for
years, until he finally realised that he
could never get the circle to fit.
Then he tried an ellipse, and now the
orbit could be fitted. This was a
breakthrough that made possible
Newton’ s work on the planetary or-

bits, when he showed from his theo-
ry of celestial dynamics that they
must indeed be ellipses.

This vital stage in the development
of science was made possible by the
strong belief in the order of nature.
This is what led Whitehead to say, in
his Lowell lectures in 1925 on Sci-
ence and the Modern World that ‘the
Middle Ages formed one long training
of the intellect of Western Europe in
the sense of order.’ This by itself is
not enough, and he went on: T do
not think that I have even vyet
brought out the greatest contribution
of medievalism to the formation of
the scientific movement. I mean the
inexpugnable belief that every de-
tailed occurrence can be correlated
with its antecedents in a perfectly
definite manner, exemplifying general
principles. Without this belief the in-
credible labours of scientists would
be without hope. It is this instinctive
conviction, vividly poised before the
imagination, which is the motive
power of research: that there is a
secret, a secret which can be un-
veiled’. He went on to ask how was
this conviction so vividly implanted
on the European mind, and con-
cluded: ‘My explanation is that the
faith in the possibility of science,
generated antecedently to the devel-
opment of modern scientific theory,
is an unconscious derivative from
medieval theology.” One might in-
deed query whether unconscious is
the right word, for many of the
medievals explicitly saw their work
as showing forth the works of the
Creator.,

Science in Eastern Christendom

This explanation of the rise of sci-
ence in Western Europe during the
High Middle Ages as due to the
beliefs concerning the material world

v inherent in Christian theology raises

the question why it happened in
Western Europe and not in Eastern
Europe, where Christianity also
flourishes. One might indeed have
expected science to arise first in the
east, because it was the heir to the
wisdom of ancient Greece, preserved
and to some extent developed by
Arab scholars. Thus from the eighth
to the fourteenth centuries mathe-
matics, astronomy, optics, physics
and medicine were far more
developed in Islamic countries than in
Western Europe. In one vital area,
for example, Arabic astronomers had
so improved the Ptolemaic system
that it was mathematically equivalent
to the Copernican system, although
it was still geocentric. And yet the
lead was lost in one area after
another as the West surged ahead
and Arabic science decayed. This
learning came to the West not via

Eastern Christendom, but mainly

Zo ot 1 ] T L s

through translations from the Arabic
made in Spain. The Byzantine scien-
tific tradition lacked originality, being
content with the achievements of the
Greeks and the Romans. They were
thus unable to develop technology
and to apply their theoretical knowl-
edge for practical purposes.

Could the explanation of the differ—
ence between the vitality of science
in the West and its virtual absence in
the East be due to a difference
between Eastern and Western theolo-
gies, or are there other explanations,
perhaps in terms of sociological fac-
tors, WhiCh. themselves may or may
not have their origin in theology?

The theological beliefs of Eastern
and Western Christendom are essen—
tially the same, but there are impor-
tant differences at the conceptual
and practical levels. These differ-
ences are difficult to describe, be-
cause there are many counter-exam-
ples to any general statement that
can be made. Thus both attach high
value to reason and to prayer, but
the emphasis is different. In the
West, scholarly work is itself consid-
ered to be a form of prayer. Orders
of friars, such as the Dominicans,
were founded to preach, and to teach

in schools and in universities, and

their times of prayer are regulated to
allow time for study. Dominicans
such as Thomas Aquinas taught in
the universities and used reason to
find out what they could about God,
thus developing scholastic theology.
In the monasteries of the east, the -
monks spend long hours in contem-
plative prayer and thus attain a
knowledge of God, but as a result in-
evitably they have less time for study
and for writing,

"~ Of great importance for the origin
of science is the concept of time. Be-
fore the advent of science our activi-
ties followed biological time,
governed by the natural processes of
night and day, the phases of the
moon and the progression of the sea-
sons. In contrast, scientific time is a
regular sequence, and to each instant
there corresponds a number, mea-
surable to high accuracy. Monas-
teries need to have a way of marking
the time to regulate the hours of
prayer and work and initially they
followed biological time, supple-
mented by sand and water clocks. In
the Western monasteries, clocks of
high sophistication were developed as
early as the twelfth century, whereas
clocks, imported from the West,
were not used on Mount Athos until
the eighteenth century. Even now,
the east has a more relaxed sense of
time,

The use of biological time is associ-
ated with primitive technology,
whereas more developed technology
comes with scientific time., Thus the
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larger western monasteries made
many technological advances for do-
mestic and industrial purposes, such
as water mills and saws. This is of
crucial importance for the develop—
ment of science,

There are also several sociological
reasons why science arose in the
west and not in the east. It is essen-
tial for creative intellectual work that
there are places where it can be car-
ried on without external interference,
so that the people there are free to
think what they like and to follow
wherever their reason lgads them.
Such opportunities are provided by
universities, and many were founded
in the West from the twelfth century
onwards. The crucial steps that led
to the birth of modern science took
place in the university of Paris.

In the east, there was a spectacu-
lar intellectual and artistic revival in
the ninth century after the end of the
iconoclastic controversy, and the
university of Constantinople attracted
many distinguished scholars. There
was, however, little interest in sci-
ence or technology.

Byzantine society was rigidly
authoritarian, with Church and State
closely linked. The Emperor was
considered the vicegerent of God,
and as ruler of both church and state
his word was law. There was a high-
Iy centralised state organisation with
a well-developed civil service, so
that' practically all activities were
controlled by the Emperor, Trade
and commerce were rigidly con-
trolled, not to serve the interests of
the merchants but to subordinate e-

conomic life to the interests of the s—
tate. There were indeed schools, but
they did not encourage independent
discussion, and the static conception
of life was not conducive to the
development of science. In the west,
on the other hand, the universities
were centres of intellectual discus-
sions, where novel views were ex-
pounded and discussed.

People speak and discuss freely
when they are personally secure,
when they know that they can say
what they like without danger of any
kind. This security can be provided

. by belonging to an organisation, such

as a university, which encourages
free discussions, or by a society that
respects the right of private
property. In the west this is legally
established, whereas in the east
property was held subject to the will
of the ruler, and may at any time be
revoked. If one lives in perpetual fear
that the ruler will suddenly take
away one's house, one is hardly
likely to indulge in any activity that
may incur the wrath of the ruler.

In the twelfth century the Cru-
saders caused consternation in
Byzantium as they passed through on
their way to the Holy Land, exacer-
bating the age-old tension between
east and west, These came to a head
with the sack of Constantinople in
1204. Byzantium survived another
two hundred years, but was fatally
weakened and finally fell to the
Turks in 1453.

Such sociological factors are suffi-

cient to explain why science did not
arise in Eastern Christendom, and it
seems that these are more important
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than any theological differences.

An instructive example of the
effect of sociological factors on intel~
lectual activity is provided by the
contrast between the English,
French and Spanish colonies in north
and central America on the one
hand, and the Dutch colony in South
Africa on the other. In America,
there was from the first a thriving in-
tellectual activity, with printing
presses and newspapers, and great
Colleges and  universities were
founded within a few decades of the
arrival of the colonists, Mexico was
conquered in 1521, and by 1553 had a
university. In North America, the
colonists arrived in 1619, and
Harvard was founded in 1636. In
South Africa, on the other hand,
everything was controlled by the
Dutch East India Company, and
profit was the only motive. There
were no printing presses, newspa-
pers, colleges or universities. The
Church was also partly to blame for
this situation, because they insisted
that their ministers be trained in Hol-
land, and were not willing to estab-
lish Colleges in South Africa,

CONCLUSION

This brief survey shows that there
are many factors of importance for
the rise of science: material, socio-
logical and theological. The material
conditions are found in many civilisa-

“tions, and on their own are not deci~

sive. A very special set of beliefs
about the material world is necessary
before science can begin, and these
beliefs are provided by Christian the-

ology. For science to develop, soci-
ety must encourage the freedom of
thought, and this partly depends on
sociological factors, which are them-
selves often determined by theologi-
cal beliefs. In all these ways, Chris—
tian theology has proved decisive for
the birth and development of modern
science,

References

A.C.Crombie. Styles of Scientific
Thinking in the European Tradition.
Duckworth, 1994,

D.J. Geanakopolos. Byzantine East
and Latin West., Harper Torchbooks,
1966.

E.Gilson. History of Christian
Philosophy in the Middle Ages.
Sheed and Ward, 1954.

T. E. Huff. The Rise of Early
Modern Science, Cambridge, 1993.

S. L. Jaki. Science and Creation.
Scottish Academic Press, 1974,

S. L. Jaki. The Road of Science
and the Ways to God. Chicago
University Press 1978.

S. L. Jaki. The Saviour of Sci-
ence. Regnerey Gateway, 1988.

C. Kaiser, Creation and the His-
tory of Science. Marshall Pickering,
1991.

D.O'Connor and  F.Oakley.
Creation: The Impact of an Idea.
Charles Scribner’ s, 1969.

Simone Weil, On Science, Neces-
sity and the Love of God. Oxford,
1968. p 178.

A.N.Whitehead. Science and the
Modern World, Cambridge, 1926.

N.Zernov. Eastern Christendom.
Weidenfeld and Nicolson, 1961,

Qe 7L 10 £ MBS
U= HEEE 11 40| X7 oiXiel
T BhHE AMZiE = D18t 2R(CH 0l
off CHEt TEo! 0|3Y 1A B3 B
oM LIRICH F2ERIR JAiEgE o
7| 248tck. (The New York Times,
Wednesday, November 18, 1998)

A Little Judical Humor on
the Computer's Gender

The Microsoft trial is not all fire-
works by any means. There are
long stretches of tedium and

~ droning testimony on the dry tech-
nical details of computing. To
lighten up, United States District
Judge Thomas Penfield Jackson
before the afternoon session here
today, by saying that the court is
on "some E-mail humor list.”

He then read the computer hu-
mor entry he thought amusing.

Both women and men, it seems,
were asked what gender would be
most appropriate for computers.

The women the E-mail message

AFEE AL, ARG

said, agreed that computers should
be masculine for the following four
reasons. PIn order to get their at-
tention, you have to turn them on.
» They have 2 lot of data, but they
are still clueless. »Most of the
time, they are the problem. P As
soon as you commit to one, you
realize that if you waited a little
longer you could have had a better
model,

The men, according to the E-
mail message, agreed that comput-
ers should be feminine for the fol-
lowing four reasons: PNo one but
the creator understands their inter—
nal logic. P The native language
they use to communicate with other
computers is incomprehensible to
everyone else. P Even your s-
mallest mistakes are stored in long-
term memory for later retrieval.
P As soon as you make a commit-
ment to one, you find yourself
spending half  your paycheck on
accessories.,
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Untitled

A little girl danced down the warm
sands of

A creamy beach littered with
shells.

A giggle escaped at the water's
tickling and

She gathered a pearly pink shell

Glossy from the waves' caress.

At a glimpse, a blemish was es-
pied.

Abandoned by .the waves, a dis-
torted fish lay.

As she crept to acquire a better
look,
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A dark shadow kicked and
A corpse shattered as it pierced
the air.

The shadow's snicker broke the si—
lence and
Hit by a wave of discomfort was
the tiny girl,
A dull ache deep in her heart: Sad-
ness.
A tear kissed her cheek as she s-
tood motionless.
Dropped to the sand below
- (1992 23rd Illinois Poet Laureate
Award Winning Poem, 7th Grade)

Running

For so long I've been running

Stumbling and falling

Beaten down by harsh winds,
words

Drowning in violent seas of fears,
tears

Running from salivating, fiery de-
mons, :

Greedy for my soul

Mother! Take me in your arms!

Free me from my crushing bur-
dens, s

Protect me from my ravaging de-
mons!

I long for my paradise

To escape into peaceful slumber,

To forget everything.

Mother! I long to be the innocent
babe

At peace, asleep in your arms.

Blissfully unaware.

(27th Annual Illinois Poet Laureate
Awards, 1996, 11th Grade)
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