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short, examnined in seventeenth-century terms, the outcome of the Galileo affair
was a product not of dogmatism or intolerance beyond the norm, but of a com-
bination of more or less standard (for the seventeenth century) bureaucratic
procedure, plausible (if ultimately flawed) political judgment, and a familiar
array of human foibles and failings.
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Christianity and the Mechanistic Universe

William B. Ashworth Jr.

In the second half of the seventeenth century, a new philosophy of
nature came into prominence. Although it was presented in several
distinct forms by the likes of René Descartes, Pierre Gassendi, and
Robert Boyle, in all forms it treated matter as lifeless and inert, with-
out any properties of its own. It also suggested thar all natural phe-
nomena could be explained by the mechanical interactions of matter
in motion. This “mechanical philosophy,” as it came to be called, was
in strong contrast to the picture presented by traditional philoso-
phies, such as Aristotelianism, and by other, newer, philosophies of
nature that had been constructed in the late Renaissance, such as nat-
ural magic and Paracelsianism.'

The acceprance of the mechanical philosophy played a major role
in the events that we collectively call “the Scientific Revolution.”
What concerns us here is the impact of this new philosophy on
religion, specifically the Christian religion, as well as the impact of
Christian thought on the mechanical philosophy. It is not immedi-
ately obvious that there should have been any interaction at all, since
matter theory and theology would seem to be widely separate do-
mains of inquiry. And yet, as we will sce, the proponents of a me-
chanical philosophy were driven by religious concerns, the debate
between different forms of the mechanical philosophy was waged on
religious grounds, and the success of the mechanical philosophy was
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62 WiLLram B. ASHWORTH Jr.

hailed as a Christian triumph. Religion and the mechanical philosophy were, in
fact, inexrricably linked throughout the seventeenth century.?

One might proceed to develop this story in any of several ways, but I think
it would be helpful to have a mechanical philosophy in view before we go any
further. Once we understand the basic features of one mechanical philosophy, it
will be easier to appreciate the nonmechanical philosophies that preceded it, as
well as the rival versions of a mechanical philosophy that would eventually be
proposed. Since René Descartes was chronologically the first to publish a me-
chanical philosophy, we will begin with his version.

The Mechanical Philosophy of René Descartes

Descartes (1596—1650) (fig. 3.1} came of age in France ar a time of considerable
concern over the conflicts between traditional forms of knowledge (including re-
ligion} and the new discoveries of the late Renaissance. Where previously there
had been one well-established Church, one known world, and one picture of the
cosmos, there were now (ca. 1600) a variety of Christian churches, a recently dis-
covered New World, and several new cosmologies. In France this resulted in
what has been called the “skeptical crisis,” with writers such as Michel Mon-
taigne (1533—92.) despairing that perhaps we can never know truth with certainty.*
Descarres reacted to this skeptical crisis by deciding to doubt everything that he
had been taught. He found that through methodical doubt he could arrive at cer-
tain “clear and distinct” ideas that could not be doubted no matter how hard he
tried, and on these foundations he erected a new philosophy. He presented the
outlines of this new philosophy in his Discourse on Method (1637), and he worked
out most of its details in the Priuciples of Philosophy (164.4).*

When it came to determining the “clear and ‘distinct” attributes of matter,
Descartes found that he could easily doubt most of the features that his prede-
cessors had assigned to matter. An object before us may feel warm, smell sweet,
or appear red, but Descartes was certain that these qualities could not be found
in the matter itself—the stuff of which this object is composed. Here is how
Descartes made the argument, in his Second Meditation:

Let us now ... consider the objects that are commonly thought to be

the most distinctly known, namely, the bodies that we touch and see. ...
Take, for example, this piece of beeswax; . .. it has not yer lost the taste
of the honey it conrained; it still retains something of the odot of the
Howers from which it was gathered; its color, shape, and size are apparent
[to sight]; it is hard, cold, easily handled, and sounds when struck with

CHRISTIANITY AND THE MECHANISTIC UNIVERSE

the finger. Thus all that contributes to make a body as distincily known
as possible is found in the one before us, But while I am speaking, the
wax is placed near a fire: it loses the remains of its taste, its ador
evaporates, its color changes, its shape is destroyed, its size increases,

it is liquified, it becomes hor, it can hardly be handled, and it emits

ro sound when struck. Does the same beeswax still remain after this
change? It must be acknowledged that it does: nobody would deny it or

Figure 3.1. Poruait of René Descartes (1596-1650, from Charles Perrault, Les bommes liustres
gt orit paru e Franze pendant e siecle: avee leurs portraits au masurel (Paris: Chez Antoine Dezallier,
1696—1700), 1:59. (Courtesy of the Linda Hall Library of Science. Engineering and
Technology)
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judge otherwise. What. then, was it in the wax thar I knew so distinctly?
Nething. apparently, thar came to me through my senses; since al! the
features that came under taste, smell, sight. touch, and hearing are now
altered——and yet the same wax remains.®

It followed for Descartes that those characteristics perceived by the senses (he
called them "secondary qualities”) were illusions of the senses. They represented
appearance, not reality. One by one, Descartes threw out all of the traditional at-
tributes of matter, unti] he came to the one feature he could not doube. Matter,
to be matter, has to occupy space. In Descartes’s terms, it has to have extension.
So Diescartes defined matter as extension and extension as matter. It follows that
matter has no other properties than the occupancy of space.

The implications of this radical redefinition of matter were profound. If
matter has no properties but extension, then all it can do is move about and col-
lide and move some more. It cannot atteact, or seek, or sympathize with other
matter. It can only be pushed about, and therefore evetyrhing that happens in the
universe must be reducible to matter in motion and matter colliding with other
matter, Descartes went further. Since extension is identical with matter, there can
be no extension without matter and, thercfore, no empty space. The universe
must be filled with matrer, a plenum. Since we do not see a matter-filled universe,
some forms of matter must be imperceptible. Descartes uses the expression
“third matter” to refer to matter that we perceive with our senses, and the term
“second marter” to refer to the imperceptible matter that fills all space between
the chunks of third matter. The tiny spaces between particles of second matter
must also be filled, which requires the postulation of a “first matter” (fig. 3.2).
All of this matter is in continual motion.

Descartes found that the picture that resulted from this new view of matter
has a great deal of explanatory power. For example, in a universe filled with mat-
ter, particles must move in closed circles, or whirlpools. If particles were to
move in straight lines, then the motion of one particle would necessitate the
displacement of an infinite number of successive particles. Descartes called
whirlpools “vortexes” (or “vortices”). We can imagine then that our solar sys-
tem is a vortex of swirling second matrer, carrying with it the large chunks of
third matter, the planets. The ultrafine first matter is forced to the center, where
it forms the Sun (fg. 3.3). The light and heat of the Sun are conveyed to us by
pressure transmitted through the intervening second matter. We have, as a re-
sult, a mechanical model of the solar system that is quite sarisfying, since it ex-
plains why the planets move and why they all move in the same plane and the
same direction, and it predicts that the central body will be different from the
planets that move around ic.®
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“There is more to Descartes’s mechanical philosophy, but further details re-
uire the introduction of God and Christianity into the picture, and so at this
Point it would seem desirable to sketch out the philosophy of nature that Des-
cartes was reacting against. When he went to the Jesuit college at La Fléche, he
was raught a rather different theory of matter, deriving ultimately from the writ-
ings of Aristotle, as interpreted by the Scholastic theologian Thomas Aquinas

{d. 1274 )r

Aristotle’s Theory of Substance

Two thousand years earlier, Aristotle (384322 .c.) had defined "matter” quite
differently. His term for things that exist of themselves—what we think of to-
day as physical objects, such as rocks or tables or pieces of wood—was “sub-
stances.” But a substance must be understood, Aristotle argued, as a composite
of “form” and “matter.” By “form,” Aristotle meant the total collection of qual-
ities or properties that make a thing what it is. However, properties must be the

Figure 3.2. A figurative representation of Descartes’s three kinds of matter. The screw-shaped and
prisim-shaped particles represent “first matter.” which fills all the spaces between “second marter,”
represented by the stacked spheres. “Third matter,” the ordinary marter we see and feel, is represented
by the table and the wall. From Wolferd Senguerd, Philosophia nanralis, quatuor partibus ... 2d ed.
{Leiden: Apud Daniclem & Gaesbeeck, 1685), 192, {Courtesy of the Linda Hall Library of Science,
Engincering and Technology)
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Figure 3.3. A diagram of the solar
system, by a follower of Descartes's
vorrex theory. The Sun is the center
of the principal vortex, which carries
the planets around, but each planet
also has its own vortex, which

moves its moons about and 15

also responsible for gravity. From
Petrus Hoffwenius, Spuopsis physica
disputationibus ahquot acadrmicis
cermprebensa, 2d ed. (Stockholm,

1698, 84. { Courtesy of the Lindz
Hall Library of Science. Engineering
and Technology)

attributes of something, and that something, for Aristatle, was “matter.” Marter
is the “stuff” of a substance; when matter has been “informed,” a substance re-
sults, Aristotle also has an expression for matter that has not been informed: he
calls it “first matter” But in reality, matter abd form exist only as a composite;
we can never encounter either one by itself.”

Aristotle’s scheme can be nicely illustrated by his theory of the four elements:
earth, water, air, and fire. Like all other really existing things, these four elements
are substances. Farth results when first matter is endowed with the qualities cold
and dry. Water is the cold and wet element, air is hot and wet, and fire is hot and
dry. Thesc elements may be combined in various proportions to produce all of
the substances that make up the world.?

According to Aristotle, forms can be either “substantial” or “accidental.”
Qualities or properties that make a thing what it is comprise its “substantial
form”; a table, for example, must have a top and legs, and be hard and have
weight. These traits make up its substantial form. A table might also be brown
and smooth and smell of vinegar: these properties are not essential, and they are
referred to as “accidental qualities.”
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When it came 1o explaining how the world operates, or how one object in-
setacts with another, Aristotle had recourse to what he called the “natures” of
objects. Nature is a rather complicated concepr in Aristotle, since it involves
both form and matter, but in essence, it is simply that which determines an ob-
jecr's behavior. A rock, for example, is heavy “by nature,” so if you drop it, it will
fall, seeking its natural place at the center of the universe. A rree by nature grows
up, and because that s its nature, it does not have to defy gravity to doso. A plan-
etary sphere is inclined by its nature to move in a circle, which explains why the
heavens are dominated by circular morion. For Aristotle, a great deal of the mo-
tion in the world is natural and does not require explanation by forces. Where
motion is unnatural or violent, Aristotle does suggest that a mortive force is nec-
essary. But because such motion is not natural, it will cease, and the object wili
come to rest, as soon as the force is removed. It follows that Aristotle did not
embrace a principle of inertia, or the idea that motion is conserved. But then, in
the world of everyday experience, objects do slow down and stop when you feave
them alone,

The picture that Aristotle painted of the material world was an eminently
satisfying one, well in accord with common everyday experience, and so it is not
surprising that it was fully integrated into Scholastic philosophy in the thir-
teenth century, after it was translated into Latin. Initially, there was some signi-
ficant tension between Aristotelianism and Christianity (see chapter 1 of this
volume), especially with respect to Aristotle’s thoughts on the etemity of the
universe and the mortality of the soul. But his matter theory was accommodated
more readily, since it had considerable explanatory power, and it had no serious
competition. Once it was assimilated, scholars discovered that certain aspects of
this matter theory were quite useful in interpreting certain Christian doctrines.
The Christian soul, for example, could be explained as the “form” of the body,
the immaterial feature that gives the body its defining essence. There was even an
unexpected fringe benefit in the ability of Aristotle’s theory of form and matter
to make sense of the sacrament of the Eucharist. Church doctrine had estab-
lished that when the host is consecrated, the bread of the wafer is miraculously
converted to the body of Christ, although it still appears to be bread. In Aris-
totelian terms, one could now say that the substantial form of the bread was
changed, while the accidental form of bread remained. So Aristotle’s theory of
substance provided a perfectly acceptable explanation of both the observed phe-
nomenon and the miracle.

Because of its conformity with sense experience and its compatibility with
Christian doctrine, Aristotle’s theory of form and matter survived intact well
into the seventeenth century, where the mechanical philosophy would confront
it head-on. But even before then, philosophies of nature that rivaled Aristotle’s
had arisen, and we need to be aware of several of these.
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Renaissance Natural Magic

In the late Renaissance there arose a whole host of alternative natural philoso-
phies, which have been variously labeled as “Hermetic” or “naturalist” or "mag-
ical”; we will use the terms “magical” and “natural magic” to refer to these
philosophies. Natural magic tended to accept Aristotelian matter theory as a
starting point, but it unleashed on the Aristotelian worldview a battery of new
forces and influences. At the heart of natural magic was the belief thar any
object in the universe can potentially affect any other object, provided that a
sympathy is established between them. There were many examples of natural
sympathies that could be pointed to; the seven planets in the heavens seem to
correspond to the seven metals in the earth, suggesting that there is a sympathy
between Mars and iron and between the Sun and gold. Analogy further sug-
gests that there might be sympathies between Mars and a warrior, the Sun and
a yellow flowes, or the Sun and the human heart. Sympathies ruled the magical
universe, and these sympathies, it was argued, could be manipulated by the
natural philosopher. If you were under the influence of the melancholy planet,
Satumn, and wanted to change your mood, you might wish to establish a sym-
pathy berween yourself and a beneficent planet, say the Sun. You could do so
by wearing a yellow robe, singing songs in praise of the Sun, playing your lure
in a solar mode, and drinking wine from a golden goblet, and so replace your
spirit of melancholy with a happier frame of mind.?

One of the attractions of natural magic was the fact that there are many phe-
nomena in the world that seem sympathetic in nature. If you have a shop full
of lutes and you pluck a string on one, strings on others will magically begin to
vibrate, and if you check, you find that all the resonating strings have the same
pitch. They seem to be vibraring in sympathy. Magnetism appears to be another
example of a sympathetic force. A magnet aetracts only iron, it works at a dis-
tance, and it is undeterred by a barrier. It is difficult to explain how a magnet
works if you do not invoke a sympathy of some soxt.

One other interesting feature of natural magic is that it placed great empha-
sis on experiment and observation. It did so because nature seems to be such a
maze of forces that reason alone could never sort it all out. Aristotelians tended
to think about how nature works; natural magicians tinkered with nature in-
stead. One of the grear personal guides to the Renaissance world of phenom-
ena was the Magia naturalis {1589}" of Giovanni Battista della Porta (1535-1615).
Della Porta described endless experiments and tricks that could be performed
with magnets, mirrors, ovens, bleaches, dyes, and explosives, and he regularly
used sympathies and correspondences to explain why 2 magnet attraces iron, how
lenses magnify, why strings resonate, and how medicines cure. His book pre-
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sented 2 view of nature in which marter can move matter over great distances by
means of artraction and repulsion. Very rarely were these forces thought of as
mechanical in their action.

Renaissance natural magic ran into some opposition from religious authori-
ries, especially the Catholic church. The problem was that a magical worldview
threatens the idea of miracles. In a world where anything can happen naturally,
litle room is [eft for the supernatural. In the aftermath of the Protestant Ref-
ormation, miracles were one of the defining features of Catholicism, and the
church did not take kindly to atrempts to treat miracles as natural phenomena,
because, in effect, it undermined the whole idea of divine intervention. The
church also took a dim view of those who moved beyond planetary influences
and artempted to manipulare angels and demons. Such “black magic” was at-
racked vigorously, and most natural magicians such as della Porta carefully main-
tained their distance from such practices.”

Natural magic maintained its vigor well into the lifetime of Descartes. In
1617 Robert Fludd (1574—1637) published a very popular book, On the Greater and
Lesser Worlds, in which he argued that, since the human body is a microcosm of
the universe (the macrocosm), we can map all the correspondences that connect
the ewo worlds, and Fludd did so with 2 number of attractive engravings. A com-
mon feature of all the various images of microcosm and macrocosm are the dot-
ted lines and harmonic ties that, in effect, are the lines of force that make the uni-
verse work. And it is worth stressing again that there are no mechanical forces in
this world of cosmic sympathies.'

The Religious Implications of Cartesian Mechanism

If we now return to Descartes and view him in the light of both Aristotelian and
Renaissance natural philosophy, we see the almost shocking novelty of his me-
chanical philosophy. In making extension the sole attribute of matter, Descartes
denied the real existence of all other qualities. Accidental forms are only names
for the products of our perception; they do not really exist in naturc. Substances
do not have “natures” or natural tendencies of any kind. There are no such forces
as sympathies or correspondences. The only allowable forces are mechanical
forces. Magnetism must be explained mechanically without recourse to sym-
pathies, and Descartes described a possible mechanical model for the magner.
Alleged sympathies that cannot be explained mechanically are denied existence
in the Cartesian universe.

Matter is one ingredient of Descartes’s universe. Mind is the other—the
only thing besides matter that God created. Mind is immaterial and, according
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to Descartes, endowed only with the property of thought. The existence of mind
was Descartes’s initial clear and distinct idea: Cogito, ergo sum (1 think, therefore 1
[a thinking being] must exist). Everything in Descartes’s universe is either mind
or matter, and nothing is both. Indeed. mind and matter intermingle only in hu-
mans, for mind is identical with the human soul. Since plants and animals have
1o soul and thus no mind, it follows that they copsist solely of matter, and they
should be regarded simply as mechanical automatons—nothing more than in-
tricate pieces of machinery.

What were the religious implications of Descartes's mechanical philos-
ophy? Since the prevailing philosophy of his time was Scholasticism, which
was thoroughly imbued with Aristotle’s theory of form and mater, we might
expect there to have been considerable conflict. Descartes, however, saw no
problems for religion in his mechanical philosophy. After all, kis second clear
and distinct idea was the existence of God, and it was God's perfect wisdom
that guaranteed Descartes’s entire reasoning process. Descartes maintained
that his universe of matter was created by God, that God gave this matter a cer-
tain amount of motion at the Creation, and that he has conserved that motion
ever since. Nevertheless, Descartes did envision a God who worked through
natural causes and who allowed the universe to build itself by laws that he had
established at the Creation. Descartes’s God was like a watchmaker, who cre-
ated a world that basically ran irself. This would prove to be a conrroversial
notion, as we shall see.’?

The proposal of other, non-Cartesian, mechanical philosophies complicated
matters. Descartes had constructed his natural philosophy from the ground up,
with little attention to earlier authorities. However, there were other mechanical
philosophies around, one of which had been in existence long before Aristotle
was born. This was the atomic philosophy of Leucippus (fl. 435 8.c.) and Dem-
ocritus (fl. 410 B.C.), *

Ancient Mechanical Philosophies

Ancient Greek atomism postulated that all matter is composed of atoms, which
are by very definition indivisible bits of matter. Atoms are infinite ip number, and
they differ only in size and shape. All atoms are made of the same stuff, and they
have no qualities except possibly their immutability. The differences we perceive
in objects are solely the result of differences in the arrangement of their con-
stituent atoms. Leucippus and Democritus also postulared the existence of void
space. All atoms are in motion in the void, and they have been in motion forever.
Atoms continually collide and react and form arrangements that we perceive,

-
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and then break up and move on. In fact, we, the perceivers, are ourselves only a
fortuitous assemblage of atoms, like all other objects.™

The Democritean scheme allowed for material atoms and the void and noth-
ing else. In particulas, there are no really existing immaterial things. The soul,
then, must be made of atoms. The atoms of the soul could be especially elegant
ones, fine and proper, but they are still material. Similarly, gods were welcome in
the atomic universe, but they too are composed of atoms, and are thercfore no
more immune from the laws of nature than any other object.

The Democritean world is truly a mechanical world. There are no Aris-
totelian forms, no souls, no purposes. Everything is the result of matter in mo-
tion, undergoing collisions, and assembling in chance configurations. To Aris-
totle and many others, such 2 world—without order, without purpose, and
without a divine being—could not possibly be the wozld in which we live.

However, atomism as a natural philosophy did not immediately wither and
die, In the generation after Aristotle, Epicurus (341—270 B.C.) attempted to revive
it. Epicurus was primarily an ethical philosopher, who sought a prescription
for human happiness, and since, in his opinion, most anxieties are the result of
itrational fears, he searched for a worldview that would lay such fears to rest.
He found it in atomism, with its repudiarion of the supernatural, its banning
of divine intervention, and its determined commitment to exclusively natural
causation.”®

But Epicurean atomism differed from that of Leucippus and Democritus.
Epicurus gave the atoms an additional property, namely weight, which is what
causes them to move. In effect, all atoms are continually falling through an in-
finite universe, as a sort of cosmic rain. Since it is difficult to see how or why a
tain of falling atoms could interact (since all are falling in parallel lines at the
same speed), Epicurus introduced a purely arbitrary element into the universe,
which he called the “swerve.” The swerve causes an atom ro deviate from its
straight-line descent, leading to a chain reaction of collisions and ultimately the
world in which we live, Epicurus presumably introduced the swerve to forestall
complete determinism and to keep a modicum of free will alive in the world.
However, the swerve also keeps the Epicurean universe from being completely
mechanical, since the swerve is arbitrary, an event without a cause.

As an ethical philosopher, Epicurus inspired a considerable following, As a
natural philosopher, however, he was less influential. He did attrace the attention
of Lucretius (ca. gg—55 B.c.) whose great poem On the Nature of Things is an es-
pousal of Epicurean atomism. But the apparently atheistic character of Epicure-
anism, with its eternal universe, infinite atoms, and material souls, attracted few
adherents in che early Christian centuries or in any centuries thereafter, until the
surprise of the seventeenth.
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Gassendi’s Revival of Ancient Atomism

Pierre Gassendi (1592—i655) (fig. 2.4) was another original thinker who emerged
from the skeptical crisis of the sixteenth century with a fistful of new programs.
He was a youthful participant in the campaign of Marin Mersenne (1588—1648)
against both Renaissance Aristotelianism and natural magic. He was an early be-
liever in the value of an experimental method. He turned the newly invented tei-
escope on the heavens, tracking planets and attempting to map the Moon. In the
wake of Galileo’s new physics, he performed experiments on falling bodies; he
constructed ingenious barometric tubes in the aftermath of Torricelli’s invention
of the barometer. With respect to matter theory, Gassendi was, like Descartes,
dissatisfied with Aristotelian explanations and angry at magical ones. But Gas-

Figure 3.4. Pormaic of Pierre Gassendi (1592-1655), from Charles Perpault, L
kornmes hestres qui ont parw en France pendant co siecle: avee leurs portraits av: naturel

{ Paris: Chez Antoine Dezallier, 16g6-1700), 1:63. {Courtesy of the Linda Hall
Library of Science, Engineering and Technology}
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sendi was much more of a humanist than Descartes, for he believed in the
wisdom of ancient philosophy, and he would reject Aristotle only in favor of a
wiser ancient authority. He found that wisdom, against all odds, in the writings
of Epicurus.“’

To someone opposed o Aristotelian forms and qualities and distressed
about sympathies and correspondences, the atrractions of atomism are obvious.
Atomism dispenses with all qualities and all causes that are not reducible to mat-
ter in motion. The problem with atomism, at least in its Epicurean clothing, is
that it hardly seems compatible with Christianity. Epicurus taught that the world
is infinite in time and space and was uncreated. He thought that the soul is ma-
terial and mortal. Epicurus believed in more than one god, and the deities of his
world are material like everything else and subject to the laws of nature. There is
no purpose in the Epicurean world, and certainly no divine providence. The
Christian, however, believes that one immaterial God created the world out of
nothing at one specific time; that there are no other worlds than this one; that
purpose is everywhere; that rthere is an immaterial human soul capable of salva-
tion; and that divine providence rules.

For 2 Catholic priest like Gassendi, secking an alternative to Aristotle, Epi-
carus would thus seem an unlikely choice, but Epicurus is where Gassendi bet
his intellectual life savings. In a series of works written between 1647 and his
death in 1655, and culminating in his Philosophical System, published posthumously
in 1658, Gassendi re-presented Epicurean philosophy, with modifications that
would make it acceptable to Christian thinkers." In his version, Gassendi agreed
that the world was made of indivisible passive atoms, which differed only in size
and shape. These atoms moved and congregated in a void, and all large-scale
effects are reducible to differences in the sizes, shapes, and configuration of
atoms. However, these atoms are not infinite in number, nor are they erernal.
Rather, God created the atoms, and he made only a finite number of them. God
also infused motion into the atoms when he created them, providing them with
just the right amount to fulfill his providential intentions. So Gassendi was able
to dispense with the arbitrary swerve.

Gassendi also reasserted the immateriality of the soul. And he maintained
that the soul was capable of influencing mattet, thus allowing for the reinsti-
tution of free will.

Gassendi versus Descartes
Thus two distinctly different mechanical philosophies emerged in the 1640s.

They shared the desire to remove substantial forms, sympathies, and correspon-
dences as explanatory devices, preferring instead to reduce all explanation to the
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motion of tiny, insensible, and totally passive particles. However, Descartes and
Gassendi disagreed as to whether these particles were ultimately indivisible
(Gassendi) or divisible (Descartes), and as to whether the universe was filied
with matter (Descartes) or consisted of matter moving through void space
(Gassendi). They also disagreed about the role of God in shaping and main-
taining a mechanical universe.

Descartes viewed God as a supremely wise Creator, who created the uni-
verse from nothing and then let it run, like a machine, by itself. According to
Descartes, God created matter, put it in motion, conserved that motion, and then
withdrew and allowed the universe to unfold on its own accord; God was not
needed to supervise every step of the process. Descartes did maintain that God
preserves the universe at every moment, implying that the conservation of mat-
ter and motion would cease instantly if God did not act to maintain it. Never-
theless, Descartes’s God appears much more like a wise designer than a constant
shepherd; Descartes thus left himself open to the charge that God, having cre-
ated the world, seemed no longer necessary.

Gassendi had a somewhat different conception of the deity. He believed that
God had complete frecdom to create any sort of world he wished, and that poor
mankind, with ics feeble intellectual powers, was in no way equipped to deduce
anything about the resulting product. We may construct laws of nature, but they
are our laws, not God’s, and he is not constrained by them. Since we cannot figure
out the nature of the universe by rational means, we have no choice but to stick
to observable phenomena and perform experiments; and to explain these phe-
nomena, we should devise the simplest, most straightforward hypothesis avail-
able, For Gassendi, that hypothesis was atomism. We can imagine atoms, and
how they move, and how they interact, and we explain virtually every nacural
phenomenon by these atomic interactions. But that is as far as we can go; we can
never know the underlying mechanisms with certainty.™®

Hobbes and the Early Signs of Danger

Although both Gassendi and Descartes emphasized the role of God in the cre-
ation and maintenance of the universe, while exciuding the soul from mechani-
cal explanations, it was apparent, from the example of Democritus himself,
that the mechanical philosophy might be theologically dangerous in the wrong
hands. The danger became manifest in the work of Thomas Hobbes (1588—
1679). Hobbes became an atomist in the 1640s, perhaps as a result of encounters
with Gassendi, and by the time of the publication of his great Leviathan (1651), he
had become a thoroughgoing materialist. That is, Hobbes maintained that the

CHRISTIANTTY AND THE MEecHaARIsTIC UNIVERSE 75

universe consists of matter in motion and nothing else. There are no forms, no
spirits, 0o nonmaterial entities in Hobbes's world. There are no forces other than
impact. Souls exist, but they are material, rather than spiritual. Even God him-
self is a material rather than a spiritual being. Hobbes denied the possibility of
free will. He ruled our all absolures; good, evil, justice, and injustice became
relative terms, which acquired meaning only through human definition. While
Hobbes was not an atheist, he held religiously dangerous views, including doubts
abour the authenticity of Scripture. As a result, the “monster of Malmsbury”
came to represent, in the eyes of many, the religious peril presented by a me-
chanical philosophy.”

There were several ways of dealing with the threar of Hobbes while still re-
taining a mechanical philosophy. One could argue that mechanism alone is not
sufficient to explain the world—:thar spiritual entities of divine origin are nec-
essary. This would be the route taken by the Cambridge Platonists. Or one could
argue that a functioning mechanical universe would be possible only if God de-
signed it and that indeed mechanism demonstrates the wisdom and providence

of God. This would be the path taken by Robert Boyle.

More, Cudworth, and the Spirit of Nature

The Cambridge Platonists, as their name suggests, were a small group of schol-
ars who taught at Cambridge University in the 16405 and 1650s and who preferred
the writings of Plato (427347 B.c.), and of Neoplaronists such as Plotinus (.p.
205—269/70), to the more traditional Aristotle. They sought to establish a ra-
tional Christian religion, arguing that all of the tenets of Christianity could be
demonstrated by reason from Platonic principles. Among the group who went
by the name of Cambridge Platonists, two in particular wrestled with the reli-
glous implications of the mechanical philosophy: Henry More and Ralph Cud-
worth.

More (1614—87) was a fellow at Christ’s College, Cambridge, who discovered
Descartes in the mid-16405.2 He was attracted immediately by Descartes’s ver-
sion of the mechanical philosophy. He admired the way it explained, so ration-
ally, the mundane properties of matter, and More was largely responsible for in-
troducing Cartesian natural philosophy to England, where it would fourish, Buc
by 1650 More had grown critical of Cartesianism because he thought that mech-
anism alone could not explain many phenomena, such as gravity or magnetism.
There was no way, More argued, that the interaction of colliding particles in a
vartex could produce a downward tendency in an object, as Descartes main-
tained. There must be something else in the universe, something nonmaterial and
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nonmechanical that provides direction in such instances. More proposed that
such a substance exists, which he called the “Spirit of Nature.” This spirit was
incorporeal and devoid of will or reason; it pervaded the whole universe and di-
rected matter to produce those effects that could nor be produced by purely me-
chanical means. The Spirit of Nature was, in effect, God's agent in the world; it
was the means by which God gave life to a mechanical universe without having
to Wa[Ch over lt eVel'y mfllute.

This idea, that a mechanical universe cannor function successfully without
the presence of imimaterial spirits, would prove popular in the second half of the
seventeenth century, especially in England. It seemed to provide a way of retut-
ing the materialism of Hobbes by arguing that matter in motion is not sufficient
to explain the world*' More’s fellow Platonist Ralph Cudworth (1617-1688)
wrote The True Intellectual System of the Universe (1678), a massive treatise in which he
argued that the mechanical philosophy. properly understood, was not a threat to
religion, but a new support, because it demonstrated the necessity of spirirual
agents (fig. 3.5} Cudworth called his principal agent “plastic nature,” and he
pointed to one of the advantages of such 2 nonintelligent agency—that it could
explain mistakes. Accounting for imperfections in the world was always difficult
when they were ascribed directly ro God; they were much easier to accept if they
were regarded as che result of a blind immaterial force like plastic nature.

Boyle and Corpuscularianism

Robert Boyle (1627—91) (fig, 3.6) was just as appalled as the Cambridge Platon-
ists by Hobbes's materialism and by the apparent threat to revealed religion of
an uncompromising mechanical philosophy. But Boyle found a different way of
dealing with the problem. .

Boyle is best remembered as a proponent of an experimental approach to
studying nature. In his well-known experiments with air pumps, he discovered
the elasticity of the ait (and Boyle’s law) and demonstrated the role of air in com-
bustion and respiration.?* He has also been hailed as one of the founders of
modern chemistry and an opponent of alchemy (although recent research has re-
vealed that Boyle had quite an incerest in higher, as opposed to vulgar, alchemy).
At heart, however, Boyle was a lay theologian who pursucd scientific inquiry be-
cause it demonstrated to him the existence, wisdom, and attributes of God. We
will say more about this after we examine the road that led Boyle to the me-
chanical philosophy.

Like many of his generation, Boyle was bothered by the forms and qualities
that were used by Scholastic Aristotelian philosophers to explain ordinary phe-
nomena. To say that a substance is red because it has the form of redness, or that

§
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Figure 35. The Cambridge Placonists had difficulty reconciling Epicurean
aromism with Cheistianity. Ralph Cudworth put Epicurus among the
“atheists” on the frontispicee to his The True Intellectual System of the Uriverse
(London: Printed for Richard Royston, 1678). (Courrtesy of the Linda Hall
Library of Science. Engincering and Technology)

an object falls because its substantial form includes the quality of gravity, seemed
to Boyle to be less an explanation than an act of labeling. We don't really un-
derstand why acids burn or roses smell if we simply artribute their effects to
forms that exist only as names.

Ina trearise that he wrote specifically on this subject, On the Origin of Forms and
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Qualities, Boyle proposed that a theory of matter, to be useful, should have ex-
planatory power. It should help us understand how an effect can oceur. Itlshould
be plausible and intelligible, and it should be as simple as possible. N_ot:cve that
Boyle does not say that it should be true. To discover the true constitution of
marrer is probably well beyond the poor powers of human reason. But we can

; 24
certainly do better than substantial forms.

The philosophy of nature that Boyle settled on was the. mechanical philos-
ophy, but it was niot the version proposed by either Gassendi or Descartes: Boyle
did accept as a working premise that all things can be reduc.ed to matter in mo-
tion, which is the heart of a mechanical philosophy. But he did not comm{t him-
self to unbreakable atoms, or to Descartes’s infinitely divisible matter having lfhe
sole property of extension; he thought that in practice thete were smallest units,
which he called corpuscles, but in theory there was no reason wl.ly these could
not be further and indefinitely divided. Boyle accepted the void; indeed, he was
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Figure 36, Porirait of Robert Boyle (1627-91), from T works of the
Honourable Robert Boyle, ed. Thomas Birch (London: Printed for . and
E Rivington, 1772), vol. 1, frontispiece. (Courtesy of the Linda Hall
Libraty of Science, Engincering and Techrology) .
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one of those who demonstrated its existence. Boyle called his version of the me-
chanical philosophy “corpuscularianism.”2

Boyle embraced corpuscularianism for several reasons. One reason was that
it made sense of experience in a plausible manner. It is hard to understand how
an acid works if you actribute its action to the form of acidity. But if you imag-
ine an acid as a tiny sharp corpuscle that can move between two other corpuscles
and force them apart, then you have a mechanism that the human mind can un-
derstand. Heat can be visualized as the collective motion of many corpuscles.
Cohesion might be the result of particles that lock or stick together. The result-
ing world picture was clear and easy to comprehend. For Boyle, that met the test
of an acceptable natura] philosophy.

Boyle, however, had another, and perhaps a prior, reason for defending a me-
chanical philosophy. If the orderly, organized, purposeful world in which we live
is nothing more than an immense system of particles in motion, then it can
hardly be the result of chance. It must have been designed by a God of extra-
ordinary wisdom and providence. As Boyle put it:

It is intelligible ro me, that God should ar the beginning impress
determipate motions upon the parts of marrer, and guide them, as he
thought requisite, for the primordial constitution of things; and that ever
since he should, by his ordinary and general concourse, maintain those
powers which he gave the parts of matter, to transmit their motion thus
and thus to one another.2

Boyle rejected the notion that God had to work through a Spirit of Nature or
through any other kind of intermediary:

It more sets off the wisdom of God in the fabric of the universe, that he
can make so vast a machine perform all those many things, which he
designed it should, by the mere contrivance of brute matter managed by
certain laws of local motion and upheld by his ordinary and general
concourse, than if he employed from time to time an intelligent overseer,
such as nature is fancied to be, to regulate, assist, and control the motions
of che parts.”

Finally, it was Boyle who gave us the concept of the world machine, He com-
pared the wotld to a clock, whose parts were so exquisirely made that it would
run perfectly long after the Maker had put it in motion. Boyle conceived this
metaphor of the clocklike universe in order to support his belief that a wise God
would design a world that does not need constant adjustment, Bur it was soon
Put to use as a proof of the existence of God. After all, if you found a watch on
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the ground, you would naturally infer the existence of a watchmaker. Then cer-
tainly a universe thar runs like the most exquisite clock mandates the existence
of a Creator God. Moreover, a mechanical world is not only proof of the exis-
tence of God, but testimony to his wisdom and providence. It is the best argu-
ment going against atheism.?*

Boyle's view that the study of nature provides evidence of God's existence
and attributes would lead to a movement known as natural theology. Its aim was
to show that the “Book of Narure” could supplement the “Book of Scripture”
in leading us to God and demonstrating his wisdom and foresight. Boyle him-
self left a sum of money upon his death in 1691 to fund an annual series of lec-
tures, known as the Boyle Lectures, whose purpose was to use the Book of Na-
ture to prove and teach the tenets of Christianity. These lectures would be one
of the principal vehicles for natural cheology up through Darwin’s time in the
nineteenth century.®

Although Boyle continually argued that the design of nature evidenced the
wisdom of God, it is important to note, as a final point, that Boyle’s God (like
Gassendi’s) had toral freedom to create any kind of universe he wished. He was
wise and providential, but he was not constrained by anything, certainly not laws
of nature, There may be a general order of nature, but Boyle had nc problem
with God’s tinkering with that order naturally, or even intervening miraculously.
Indeed, Boyle believed that there are many things about the world that we will
never understand because they are beyond the limits of human reason.*

The other interesting feature of Boyle's mechanical philosophy, a feature that
also arose from his theological concerns, is its ecumenical character. Boyle tried
to formulate a natural philosophy that all Christians could adopt. He carefully
avoided taking a stand on the existence of atoms, so that his corpuscularian the-
ory could be adopted by both Cartesians and Gassendian atomists, He never in-
sisted on the truth of any of his mechanical explanations, offering them instead
as possible and plausible. He even tried to appeal to Aristorelians and Paracel-
sians, by pointing out that the four elements, or the three principles, could them-
selves be reduced to corpuscles. His goal was simply to formulate a view of na-
ture that allowed us to understand and marvel at the wonder of the created order,
so that we might better appreciate the glory of the Creator. He thought that a
mechanical philosophy fulfilled that aim.

Newton and the Limitations of Mechanism

Mechanical philosophers before Newton disagreed a great deal, about whether
matter was atomic or infinitely divisible and about the existence or nonexistence

CHRISTIANITY AND THE MEcHANISTIC UNIVERSE 81

of empty space. But they generally agreed on one principle: thar bodies interact
only by contact. Any other means of passing motion from body to body was
Jeemed magical, and thus suspect. Action at a distance was nothing but a sym-
pathy and was not to be entertained by any serious mechanical philosopher.
Isaac Newton (1642—1727) (fig. 3.7) challenged this basic assumption by redi-
recting the mechanical philosophy to a new focus: that of forces.” He proposed
to explain the operations of nature by various forces that could be mathemari-
cally described, and he did so with great precision in his Principia mathematica
{1637). The mathemarical treatment of forces does not require any inquiry into
their origin, and Newton generally avoided discussing causes. But it was ;;ppan
ent to INewton, and to his readers, that the forces that produce such effects as
fermentation, animal motion, and gravitation could not be ascribed to mechan-
ical impacts. This would be a severe problem for more orthodox mechanical
philosophers.
Newton converted to the mechanical philosophy around 1664, during his
undergraduate years at Cambridge. His formal education was Scholastic, and

Figure 3.7. Portraic of Isaac Newton (1642-1727), from his
Philosophra natualis principia mathemarica, 3d ed, (London: Apud
Guil. and Joh. Innys, 1726), frontispiece. (Courtesy of the Linda
Hall Library of Science, Engincering and Technoiogy)
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thus Aristotelian, but he introduced himself to the works of Gassendi, Walter
Charleton (x620—1707)°* Hobbes, Boyle, More, and, most importantly, Des-
cartes, and he was soon won over by the explanatory power of matter in motion.
Although initially enamored of Descartes, Newton found problems in Des-
cartes’s theories of light and gravity, and he came to prefer some sort of atomic
model. He would remain an atomist the rest of his life. At the same time New-
ton seems to have discovered, probably through More, the dangers of mecha-
nism, with its tendency to exchude spirit from nature, This drove him even fur-
ther from Descartes.®?

Initially Newton also accepted the principle that all change of motion is a
result of impact, and as he forged his way to a theory of universal graviration in
the 16705 and early 1680s, he assurned that some sort of aether was responsible
for the tendency of bodies to “gravitate”—to move toward one another. He had
to finally rejecr this notion when he discovered thar the planets do not act as if
they were moving through any kind of aether, because observational evidence
made it clear that they ate not impeded in any way. The Sun attracts the earth,
but it does not do so through a material medium. Gravity is not a mechanical
force.

Universal gravitation was, of course, one of the great discoveries of the cen-
tury, but it caused grear problems because of its nonmechanical nature. Christi-
aan Huygens (1629~95), for example, simply could not believe that nature would
employ a force that acted ac a distance. Huygens had himself discovered several
of the physical laws that led to the discovery of universal gravitation, such as the
law of centrifugal force, and he could have raken the additional step to the law
of gravitation, but apparently his adherence to the mechanical philosophy of
Descartes made that impossible.* Whar was it about Newton, equally devoted
to a mechanical philosophy, that allowed him to break with one of its funda-
mental teners? It has been suggested that Newton's theology might have made it
possible for him to accept what others found unacceptable.

Newton's religion was a curious affair. He was fiercely Christian, but he
avoided taking holy orders (a customary requirement for a Cambridge fellow)
because he could not subscribe to one of the major tenets of the Anglican
Church, namely, the doctrine of the Trinity. Newton was an Arian, believing that
Christ was the son of God, but not himself divine. Fe kept his Arianism a se-
cret during his lifetime, but his private writings leave no doubt about his views.
Newton was also intensely interested in biblical prophecy, and he believed that
God had revealed all of future history in the Books of Daniel and Revelation, if
one knew how to read them.*® Whether Newton’s Arianism or his interest in
prophecy directly affected his natural philosophy is hard to say. Most historians
do not see much connection.
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But one aspect of his theology might have influenced his mechanical philes-
ophy: Newton shared Gassendi’s and Boyle's view that God had total freedom in
his creative work, that he was unconstrained by any laws of nature. Mere hu-
mans, with our feeble powers of reasoning, can never know the fine points of the
world that God created. He could have done whatever he wished, by whatever
means he wished. So it is possible that when Newton’s tnquiries suggested that
bodies attract each other by a force whose mechanism we cannot imagine, he was
more inclined to accept it.* Newton's God coujd directly cause the gravitation
of bodies simply by willing it, and who are we to deny it as inconceivable? After
all, most divine attributes are inconceivable.

Whether or not Newton's religious views helped shape his version of the me-
chapical philosophy, there is no doubt that Newton used the mechanical philos-
ophy to advance his religious views. Newton was adamantly opposed to the
watchmaker God of Descartes, who created a universe thar ran by itself. New-
ton’s God, the God of prophecy, was always active in the world, and Newton
took it upon himself to show that a mechanical universe could not maintain it-
self without God's continual supervision. In a famous query that he appended to
the Latin edition (1706) of his book on optics, Newton points out that material
bodies are passive; they do not move of their own accord. Therefore all of the
motions and changes that characterize our world must have some source other
than the natures of those bodies. Newton called these sources “acrive principles”
and held them responsible for gravity, magnetism, fermentation, and other ap-
parently nonmechanical forces.

Active principles might seem out of place in a mechanical philosophy; to call
something an “active principle” seems little better than to label it 2 “substantial
form.” Newton was aware of this, and he speculated during his career about how
active principles might operate. At times he inclined to the idea that they were
the result of God’s direct intervention; at other times he pursued a material ex-
planation, such as an aether, or an immaterial one, such as a spirit. In the end, he
could not resolve the problem. But he did believe that active principles exist and
that they are God's means of ordering and bringing activity to the world and of
excrcising divine providence, Newton believed that it was utterly impossible that
our universe could have arisen by blind chance through the mere action of pas-

sive laws of nature.?”

Newton went a step further; he argued thar without divine intervention, the
universe would run down. He calculated that the planetary orbits were inherently
unstable, so that the solar system would eventually break down without some ad-
justment. Newton proposed that comets were the means by which God fine-
tuned the cosmos and brought everything back into proper alignment. Gottfried
Leibniz (1646~1716), the German philosopher, was appalled at the suggestion
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that God was such an inferior craftsman that he had to keep tinkering with his
Creation to keep it running properly.”® But Newton was unabashed. Leibniz was
in the Carresian tradition and saw God as the ail-wise Creator who could make
a universe that would run forever. Newton rejected thar vision. because it made
God essentially unnecessary once the universe was created, and this meant that
it could lead to atheism. Newton preferred a God who was always wich us, al-
ways reminding us of his presence.

For Newton, then, a mechanical philosophy without God was unimaginable.
A universe of blindly moving aroms could never fortuitously produce an orderly
world such as ours, and even if it could, that world would rapidly grind to a halt.
A God of wisdom was necessary to create it, and a God of providence was nec-
essary to maintain it. The fact that God chose, in this instance, to make a uni-
verse that ran like a clock, on mecharical principles, was interesting, because it
was a system of nature that humans could understand. However, our under-
standing is unimportant unless it leads us to continual awareness of the universe
as a product of divine handiwork.

Conclusion

Newton, Boyle, Descartes, and Gassendi all subscribed to some version of the
mechanical philosophy. They also believed in an ail-wise, all-powerful God who
had once created and still preserved this universe of matter in motion. None of
these natural philosophers saw any conflict between the two beliefs; in fact, one
might go so far as to say that they found these two creeds, Christianity and the
mechanical philosophy, inseparable and equally necessary.

It is important to appreciate how remarkable and unexpected this develop-
ment was. The mechanical philosophy har.l been greeted with outrage by the early
church fathers, who regarded mechanism as a path to atheism. It survived the
Middle Ages only as an object of abuse, It aroused little interest even in the eclec-
tic Renaissance. And yet in the seventeenth century, the mechanical philosophy
was revived, refurbished, and embraced by Christian philosophers, who not only
came to see a mechanical universe as intrinsically Christian, but who eventually
put mechanism forward as a bulwark against atheism.

4

4

Matter, Force, and the Christian Worldview
in the Enlightenment

Thomas H. Broman

n the minds of most people, historians and nonhistorians alike, the
eighteenth-century Enlightenment occupies a pivotal position in the
evolving relationship between science and religion. For it was during
the Enlightenment that the cultural landscape of Europe was first re-
shaped in a way that enabled “science” and “religion” to emerge as
separate and hostile camps in a long polemical struggle, That che En-
lightenment did play this part in defining the relationship between
science and Christianity was asserted by no less an authority than
Peter Gay, whose two-volume masterpiece, Th Enlighternment: An Inter-
pretation (1966, 1969, represents the twentieth century’s greatest syn-
thesis on the subject. In the eighteenth century, Gay wrote,

the evidence for a growing disenchantment, a growing
component of critical rationalism in the minds of educated
Christians, is overwhelming. For religious men sensitive or
learned enough to participate in the currents of the century
chis was a time of trouble. The dangers of atheism and
materiaiism, che threac of secularism, had been cried up for
centuries. . .. But in the age of Enlightenment realities
seemed to bear out the predictions of the most pessimistic
Christians.!

The cause of this skepticism and disenchantment toward traditional
religious belief, as Gay makes clear elsewhere in his study, was what
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