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any case, Descartes developed a lung inflam-
mation from which he soon expired on 11
February 1650. The queen’s attempt to in-
ter him with great honor in Sweden was op-
posed by the French ambassador. Sixteen
years after his death, his remains were con-
veyed to France for interment among his
countrymen.

See also DESCARTES’S MECcHANICAL COSMOL-
0GY; NEWTONIAN COSMOLOGY
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Descartes’s Mechanical
Cosmology

René Descartes’s celebrated assertion “je
pense, donc je suis” (I think, therefore I am)
is widely acknowledged as the starting point
of modern philosophy. What is less often
recognized is that Descartes was the first
modern cosmologist; his writings, principally
Le monde, ou traité de la lumiére (1633) and

the Principia philosophiae (1644), signify the
first attempt to bring a single set of prin-
ciples to bear on terrestrial and celestial phe-
nomena. Descartes’s cosmological specula-
tions have been overshadowed by the dy-
namical science of motion proposed by Isaac
Newton, as well as by his own lasting contri-
butions to modern philosophy. However,
Descartes was the architect of a coherent
and plausible cosmology that stood at the
forefront of natural philosophy for the bet-
ter part of a century and played a leading
role in the demise of the deeply entrenched
Scholasticism. Even Voltaire, who was often
a harsh critic of Descartes, conceded in his
Lettres sur les Anglais (1728) that Descartes
“was valuable even in his mistakes. He de-
ceived himself, but then it was at least in a
methodical way. He destroyed all the absurd
chimeras with which youth had been infatu-
ated for two thousand years. He taught his
contemporaries how to reason, and enabled
them to employ his own weapons against
himself. If Descartes did not pay in good
money, he however did great service in cry-
ing down that of a base alloy” (Voltaire 1910,
p.115).

Descartes’s cosmology is founded on the
conviction that nature is a machine. The idea
of a world machine was not a seventeenth-
century innovation. It can be discerned, for
example, in the armillary spheres with which
the medieval astronomer imitated the real
celestial intelligences that transported the
planets through the skies. With Descartes,
however, this idea received a new and pow-
erful expression: all natural phenomena, from
the motions of celestial bodies to animal and
vegetative life, are explicated in terms of the
geometrical property of extension and its
proper modes (size, shape, position, and the
disposition of parts to be moved). What dis-
tinguishes Descartes’s mechanical cosmol-
ogy from similar views advocated by his men-
tor Isaac Beeckman, the English philosopher
Thomas Hobbes, and the French savant
Pierre Gassendi is that it attempts to restate
substantive results in optics, astronomy, and
mathematics in order to forge a foundation
in physical theory for the Copernican hy-
pothesis, which Descartes accepted on ac-
count of its simplicity and clarity (see
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Descartes 1983, I11.17). Although Johannes
Kepler and Beeckman preceded him in ad-
vancing a physical basis for the Copernican
system, Descartes’s systematic approach to
the various branches of knowledge enabled
him to address the many scientific and philo-
sophical issues raised by Copernicus’s bold
conjecture. Although he did not give to natu-
ral philosophy a form that it was bound to
keep, Descartes, through the richness of his
ideas, furnished his successors with a new
set of problems and tools for their solution
which, as Voltaire intimates, prepared the
way for the dynamical cosmology that we
now readily identify with Isaac Newton.

The Authority of Reason

As early as 1619, Descartes became convinced
of the need for a complete reform of the
sciences, one that would be sensitive to the
interconnectedness of the various branches
of knowledge (see DEscARTEs, RENE).
Aristotle had relied on logic as a way of uni-
fying knowledge. While conceding that
“logic does contain many excellent and true
precepts,” Descartes noted that “these [true
precepts] are mixed up with so many others
which are harmful or superfluous that it is
almost as difficult to distinguish them asit s
to carve a Diana or a Minerva from an
unhewn block of marble” (Descartes 1985,
vol. 1, p. 119). This state of affairs, Descartes
contended, was responsible for the wrangling
of the Schools. To provide a secure foothold
for the reform of the sciences, Descartes
turned to the methods of mathematics. It
seemed to Descartes that mathematics was
immune to controversy because it was built
up step by step from principles that are clear
and distinct to the attentive mind. As an ex-
pression of his ideal of the unity of knowl-
edge, Descartes came to employ the meta-
phor of a tree of knowledge, with metaphys-
ics constituting its roots, physics its trunk,
and the other sciences (including ethics) its
many branches.

Descartes spent the period from 1629 to
1633 preparing a comprehensive statement
of his mechanical cosmology with the work-
ing title Le monde. Upon learning that the
Congregation of the Holy Office had con-
demned Galileo’s Dialogo sopra i due massimi
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sistemni del monde (Dialogue Concerning the Two
Chief Systems of the World) in 1633 for ad-
vancing the Copernican hypothesis,
Descartes elected to withhold his treatise (the
better part of this work was published post-
humously as two separate treatises, L ’homme
in 1662 and Le monde, ou traité de la lumiére
in 1664). “If it [the earth’s motion] is false,”
Descartes confessed to the Minimite father,
Marin Mersenne, “so are all the foundations
of my Philosophy, since they clearly de-
monstrate this motion” (Adam and Tannery
1974, vol. 1, p. 272). For six years, Descartes
avoided the subject of cosmology, even in
his ample correspondence with Mersenne.

Theyear 1639 brought a change of heart.
One factor was Descartes’s discovery of the
principle of the relativity of motion, which
would enable him to retain the Copernican
theory in substance, while rejecting it in
name. A second factor was Descartes’s belief
that his explanations must be founded on
principles that are as certain as the axioms of
mathematics. These epistemological foun-
dations were detailed in the Meditationes de
prima philosophiae (1641), the work that as-
serted that any account of knowledge must
start with the subjective conditions of hu-
man inquiry.

In the sixth and final meditation,
Descartes remarks that although perception
discloses a world of qualities, there is no ne-
cessity that the world itself be in any way
similar to the one given in experience. If we
seek to found the larger truths of physics on
the narrower and more certainly established
truths of mathematics, we must consult our
intellect, which informs us that our sensa-
tions are produced by corpuscles of matter
(differentiated solely by their size, shape, and
motion), which produce sensations of quali-
ties when they act on our nerves. We can
imagine material bodies without hardness or
weight. We can even conceive of bodies de-
prived of their ability to affect our senses. It
is beyond our capacity, however, to conceive
of a physical body that is not extended (cf.
Descartes 1983, I1.4). To describe this es-
sential quality of matter, Descartes selected
the passive principle, extensio. The notion of
body involves other qualities such as hard-
ness, weight, and color, but when we con-
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sider the matter carefully, we find that (as
pertains to body) we cannot attach any dis-
tinct idea to these attributes. Accordingly,
they are treated by Descartes as secondary
qualities, or as explicable in terms of the pri-
mary quality of extension and its proper
modes.

The complement of Descartes’s mecha-
nistic view of matter is an account of mind
that firmly separates spirit and all sources of
activity from nature. The essence of mind is
the activity of thinking (cogitatio), understood
broadly to include all forms of conscious ac-
tivity. Critics like the English philosopher
John Locke took Descartes to task for as-
serting that the mind thinks always, an im-
plication obviously contradicted by certain
features of our psychology. However, what
Descartes meant to highlight by defining
mind solely in terms of the activity of think-
ing is that mind does not play an activating
principle in nature. An embodied soul can
will motion for the body, but Descartes held
that “we have no more reason to think thatit
is our soul which produces ... the move-
ments [of the body] . . . than we have reason
to think that there is a soul in a clock which
makes it tell the ime” (Descartes 1985, vol.
1, p. 315). The vast majority of natural phe-
nomena, from the vast whirlpools of matter
that transport the planets to bodily functions,
are never affected by the human will.

Having firmly distinguished two
ontologically distinct kinds of substances,
Descartes faced two sorts of problems, one
concerning the relation of mind and body
and a second, epistemological problem con-
cerning how it is that mind knows matter. In
his Discours de la méthode (1637) and in other
places, Descartes suggests that our minds are
created with innate “seeds of truth.” Com-
ing to know matter and its modifications in-
volves drawing out the principles that are
implicit in these cognitive seeds. Descartes
is often interpreted as asserting that the mind
is furnished with innate ideas, a view about
which he shows no enthusiasm whatsoever.
When pressed, he asserts that the mind has
innate ideas only in potency, in the way that
a person can be said to have a disposition to
gout. Such analogies are not terribly reveal-
ing. We can affirm, however, that Descartes’s

doctrine of innate ideas signals, among other
things, a rejection of the Scholastic convic-
tion that understanding demands images fur-
nished by the senses, a view that explicitly
ruled out the scientific investigation of so-
called occult phenomena or causes that are
hidden from the senses, such as the virtue
that causes magnetic attraction or cures sick-
ness. In his writings, Descartes consistently
defends the authority of reason. The author-
ity of reason means for Descartes that there
are some privileged truths of nature that can-
not be discovered by the senses at all, which
in turn will serve as the foundation for ex-
planations of all natural phenomena (see
Clarke 1988, p. 69).

Laws of Motion

These privileged truths are detailed in Part
II of the Principia philosophiae (1644), a
lengthy treatise that Descartes composed as
a textbook to replace the standard texts based
on the teachings of Aristotle. Descartes’s
Principles restates, though in a more studied
manner, the central cosmological theses of
his earlier treatise, Le 7onde. Natural phe-
nomena are to be explicated in terms of the
mobility of insensible particles of matter,
according to principles that can be plainly
understood. As a first order of business,
Descartes rejects the ordinary idea of mo-
tion as “the action by which some body trav-
els from one place to another” (Descartes
1983, I1.24, p. 50). If we observe that as much
effort is required to put a moving body to
rest as is required to put a resting body in
motion, we can see that the suggestion that
motion requires an effort, whereas rest does
not, is mistaken. It is therefore improper to
treat motion and rest as different orders of
being and to suppose that one needs more
power to put in motion a body that is at rest
than, conversely, to bring to rest a body that
is in motion. “The truth of the matter,”
Descartes submits, is that motion “is the
transference of one part of matter or of one
body from the vicinity of those bodies im-
mediately contiguous to it and considered as
at rest into the vicinity of (some) others”
(Descartes 1983, I1.25, p. 51). Accordingly,
motion is more appropriately conceived asa
relational property (i.e., as the change of dis-
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tance between bodies). Since it is always in
contact with bodies that are immediately con-
tiguous to it (i.e., the atmosphere), this defi-
nition enables Descartes to assert that the
earth, properly speaking, does not move.

Motion has two causes, a universal and
primary cause, and a particular cause that
results in corpuscles of matter having some
motion that they previously lacked. The uni-
versal cause is a law of conservation, which is
justified by an appeal to God’s nature, ac-
cording to which God always acts in a con-
sistent way, maintaining the same quantity
of motion and rest that he put into the world
when he first created it: “[I]t is one of God’s
perfections to be not only immutable in His
Nature, but also immutable and perfectly
constant in the way He acts . . . [I]t is com-
pletely consistent with reason for us to think
that, solely because God moved the parts of
matter in diverse ways when He first created
them, and still maintains all this matter ex-
actly as it was at its creation, and subject to
the same laws as at that time; He also main-
tains in it an equal quantity of motion”
(Descartes 1983, I1.37, p.58). From a con-
sideration of God’s immutability, we can ar-
rive at the knowledge of three laws or par-
ticular causes of the diverse movements of
individual bodies.

The first law of nature asserts that “each
thing, as far as is in its power, always re-
mains in the same state; and that conse-
quently, when it is once moved, it always
continues to move” (Descartes 1983, IL37,
p. 59). In the absence of external distur-
bances, all modes and attributes of matter
are conserved from moment to moment in
exactly the same state by God’s creative con-
course. If a particle is moving, it does not
come to a stop of its own accord. By the
same token, if a body is at rest, it does not
simply start moving. This ontological equiva-
lence of rest and motion is at the very heart
of the new idea of motion fashioned by
Descartes. Motion and rest are similarly posi-
tive states of bodies that are conserved in the
absence of external actions.

The first law asserts the conservation of
rest and motion as states of matter. It does
not specify in what direction(s), if any, the
bodies move. It is the second law of
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Descartes’s Principles that gives the rectilin-
ear nature of undisturbed motion its first ex-
plicit formulation: “that all movement is, of
itself, along straight lines” (Descartes 1983,
I1.38, p. 60). The critical insight here is that
rectilinear motion is the only direction that
can be uniquely and completely defined at a
given moment of time. It is therefore the
only direction that can be conserved by God
in exactly the same way as in the previous
moment. Descartes recognized that motion
does not take place in a moment of time.
However, he reckoned that God conserves a
body just as it is in the moment that it is
preserved. If, as Kepler had asserted in his
Astronomia nova (1609), curved motions are
the privileged paths described by bodies, this
would require that God concern himself with
two successive moments of time, an implica-
tion that conflicts with the first law of mo-
tion. Indeed, if a body were to describe a
curved path, this would indicate that some
external cause has affected its inerdal state.
With the second law, Descartes dissolved
the long-standing problem concerning the
cause of motion, which sustained medieval
impetus theories, and directed scientists to a
problem that held the key to celestial dy-
namics: what causes changes of motion?

The two laws both rely on the conserving
activity of God. Together they hold that God
conserves a quantity of action that is deter-
mined in a unique direction and that is main-
tained from one moment to the next. Mo-
tion is therefore, on Descartes’s account, a
series of actions that occur at discrete mo-
ments of time. Moreover, this action at a
moment of time is not the cause or reason of
subsequent actions. Although Descartes is
rightly credited with the law of inertia, the
very foundation of the modern science of
dynamics, motion in a straight line is not
uncaused, as Newton will assert a half cen-
tury later, but is supported by the conserv-
ing activity of God.

A consequence of Descartes’s second law
of nature is that “bodies which are moving
in a circle always tend to move away from
the center of the circle which they are de-
scribing” (Descartes 1983, 11.38, p. 60). Ar-
ticle 39, Part II, of the Principles invokes the
sensation that we have when we whirl a stone
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D

Centrifugal force. In this illustration taken from

the Principia philosophiae (1644), the force of motion is described under

two aspects. The stone tends to recede along the tangential line (ACG) at each moment it circulates about the center of rotation
under the constraint of the sling, as specified by Descartes’s second law of motion. However, the sling resists this tendency,
which occasions a second effect, namely, an endeavor to recede radially along the line AD from the center of rotation E. It
is this centrifugal endeavor that is the basis of Descartes’s contention that light consists in the endeavor of corpuscles of the

second element to recede from the center of rotation.

in a sling in order to illustrate this centrifu-
gal tendency of a body moving in a circle.
The stone in the sling tends to recede along
the tangential line ACG at each moment it
circulates about the center of rotation, as
specified by the second law of motion. The
sling resists this tendency, however, which
gives rise to a second effect, namely, an en-
deavor to recede radially along the line AD
from the center of rotation E. If we consider
only the part of the stone’s motion that is
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impeded by the sling, we can say that the
stone endeavors to recede radially from its
center outward along a straight line, even
though it is in fact impeded by the sling and
describes a circle. It is this that explains
Descartes’s puzzling remark that “one and
the same body can be said to tend to move in
diverse directions at the same time”
(Descartes 1983, IL.55).

Although he is often portrayed as an arch-
mechanist who attempted to fabricate the



cosmos out of extension and motion alone,
Descartes’s analysis of the mechanics of cir-
cular motion testifies that he regarded force
as a cause of the modal dispositions of bod-
ies, distinct from motion and rest, and so as
a real property of bodies (see Gabbey 1971,
p. 9). However, since force is not held by
Descartes to constitute the essence of mat-
ter, no systematic development of the no-
tion of force is to be found in his writings.
Furthermore, even if Descartes were to have
granted the notion of force a more central
place in his cosmology, his interest was re-
stricted to force as that property of a body
by virtue of which it acts on another body.
Although his analysis of circular motion
pointed to an external constraint that diverts
a body from its inertial path, Descartes’s con-
ception of force did not point in the direc-
tion of Newton’s dynamical theory (see
NEWTONIAN COSMOLOGY).

Even so, Descartes’s analysis of the me-
chanics of circular motion exerted a profound
influence on the development of mechanics.
Christiaan Huygens (and the young Isaac
Newton) came to regard centrifugal force,
in the manner of Descartes, as the manifes-
tation in circular motion of the inertial ten-
dency of bodies. Accordingly, Huygens’s
work embodies the conviction that centrifu-
gal force is a real force of bodies, as opposed
to our modern wisdom, which stipulates that
it is something that depends on the frame of
reference (see Meli 1990). In his De vi
centrifuga (composed in 1659 and published
posthumously in 1703) and in his De horologio
oscillatorio (1673), Huygens advanced the
mathematics of centrifugal forces in circular
motion. In another paper, Discours de la cause
de la pesanteur (1669), Huygens reasserted
Descartes’s thesis that gravity is the effect of
the centrifugal force of a circulating fluid.
This vortex, Huygens asserted, rotated sev-
enteen times faster than a point on the equa-
tor, owing to the diurnal rotation of the earth,
a thesis that he supported by the fact that
pendulums with equal periods of ime have
different lengths at different latitudes. In his
early dynamical papers, Newton attempted
to explain planetary motion as a contest be-
tween gravity and centrifugal force, testify-
ing as well to the influence of Descartes’s
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suggestion that force is a real endeavor of
bodies in circular motion. By 1679 Newton
came to see orbital motion in terms of a force
directed toward some center of motion that
diverts bodies from their rectilinear paths,
an approach that suggested that centrifugal
force was a reaction to the centripetal force,
according to Newton’s third law of motion.
Nevertheless, his early dynamical papers tes-
tify to the sway of Descartes’s account of
circular motion.

Not only did Descartes help to define the
critical problem of dynamics, he also ad-
vanced a causal agency for its solution. All
change is the result of the percussion of bod-
ies. Descartes held that percussion, in addi-
tion to being perfectly intelligible, was the
only way that one body could act on another
in a closely packed cosmos. The third law of
motion governs the exchange of motion dur-
ing impact: “a body, upon coming in contact
with a stronger one, loses none of its mo-
tion; but that, upon coming in contact with
a weaker one, it loses as much as it transfers
to that weaker body” (Descartes 1983, I1.40,
p. 61). The force of motion consists of two
components. The velocity is one factor. The
other is the size of the body, a concept that
was too imprecise to be of much value in the
formulation of a quantitative mechanics.
Since God conserves the quantity of mo-
tion, one body can acquire motion only at
the expense of another body, a suggestion
that signified an important step toward the
principle of the conservation of momentum
and Newton’s third law of motion (cf.
Westfall 1971, p. 64). However, Descartes’s
third law of motion asserts nothing about
the dynamical conditions under which ex-
changes of motion occur. Granted that im-
pact takes place in a moment of time and the
particles are perfectly hard and inelastic,
there can be no physical interpretation of
the process of impact and the transfer of
motion. At impact, God redirects the mo-
tions of the bodies according to the second-
ary rule governing that particular case. The
rule simply expresses what the result of God’s
adjustment will be, while on the physical
plane the phenomenon is conceptually ob-
scure. The seven, secondary rules of impact
that Descartes advanced for particular cases,
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therefore, simply state the adjustment that
God makes in order to conserve the quan-
tity of motion (see Schuster 1977, pp. 690-
91).

The third law of motion applies to per-
fectly hard bodies isolated from all others, a
situation that can never be realized in
Descartes’s closely packed universe. For this
reason, Descartes pointed out that his rules
of impact would seem to conflict with expe-
rience (Descartes, 1983, I1.43). Despite his
knowledge of the correct rules for inelastic
collision, Descartes persisted in retaining his
rules of collision in the face of vocal criti-
cism because correct rules for inelastic colli-
sion suggested that the quantity of motion
in the cosmos would decrease with time.
Moreover, the complete identification of rest
and motion led Descartes to postulate a rest
force, opposed and parallel to the moving
force (quantity of motion) of a body in mo-
tion. It is from his conception that a body
“which is at rest has some force to remain at
rest, and consequently to resist everything
which can change it” (Descartes 1983, I1.43,
p. 63) that Descartes deduced his puzzling
fourth rule of impact, according to which a
smaller body will never be able to put in
motion a larger one, regardless of its speed,
because it will not be able to overcome the
force of resistance of the larger and stronger
one (Descartes 1983, I1.49, p. 66). Another
factor is that Descartes regarded motion as a
real state, or quality of bodies, that is to be
conserved and that causes their being in the
act of moving. His analysis of circular mo-
tion, for instance, rests on the view that the
inertial tendency and the centrifugal ten-
dency thatit occasions are really in the body,
in the sense that they are causes of the modal
dispositions of bodies. What he failed to dis-
cern, however, was that his treatment of
motion clashed with the relativity of mo-
tion, a principle that he embraced in name,
though apparently not in substance. If the
quantity of motion depends on the frame of
reference, motion cannot be conserved in an
absolute sense.

Whirlpools of Matter

Part ITI of the Principles presents Descartes’s
views on “the visible world.” The cosmos is

to be stripped of all forms, qualities, poten.
cies, and entelechies and all obscure ides
whatsoever. Reason teaches us that matter jg
devoid of all secondary qualities and is to be
conceived solely in terms of its solidity ang
continuous extension in three dimensions,
Conceived simply as extension and its modi-
fications, matter by its very nature is per-
fectly uniform and indefinitely divisible,
thereby ruling out the existence of atoms in
principle. Further, extension is held by
Descartes to be an attribute that (along with
its proper modes) cannot exist without a sub-
stance. Since extension is the essential at-
tribute of corporeal nature, the idea of empty
space, as distinct from extended matter, is
rejected by Descartes as a fiction (see
Descartes 1983, I1.16-18). Indeed, to at-
tribute the positive characteristics of exten-
sion to a vacuum that is said to be incorpo-
real is to ascribe properties to nonbeing. So
strongly did Descartes hold to this view, that
he dismissed Galileo’s law of fall and of the
pendulum on the grounds that they were
fashioned in a vacuum.

Since God could have arranged nature in
an infinity of ways (including some that we
regard as logically impossible), our unaided
reason is unable to fathom the composition
of the world (i.e., the size, velocity, or mo-
tions of particles of matter). Descartes sug-
gests that “we are now at liberty to assume
anything we please, provided that everything
we shall deduce from it is entirely in confor-
mity with experience” (Descartes 1983,
II1.46). What we do know is that extended
matter is divisible into countless parts. On
this basis, Descartes conjectured that God
originally divided matter into particles of
uniform size and imparted two motions to
each of them, one a rotation around their
own centers, and a second propensity to ro-
tate as a group around other centers equidis-
tant from each other. On the face of it, this
suggestion clashed with the account of cre-
adon in Genesis. Though he was anxious
that the theology enjoined by his cosmology
not incur the wrath of religious authority,
Descartes reckoned that we will understand
the visible world much better if we consider
how it could have developed “from certain
seeds” (Descartes 1983, ITL.45, p. 106). While
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accepting the biblical account of creation,
Descartes believed that human understand-
ing would be better served if we restated the
genesis of the cosmos in purely mechanical
terms.

In consequence of their circular move-
ment, the particles of matter collide with one
another, polishing and smoothing their cor-
ners through innumerable collisions. The
original particles are thereby decomposed
into two further elements of matter. The
particles that are polished and smoothed by
these collisions continue their circular mo-
tion, with a centrifugal tendency to recede
from the center of rotation. They constitute
the spherical boules of the second element.
The first element consists of fine dust, the
cosmic scrapings of the original particles.
Material of the first element “is so tiny, and
acquires such great speed, that the sole force
of its motion can divide it into innumerable
scrapings which . . . fill all the angles [spaces]
into which the other parts of matter cannot
enter” (Descartes 1983, II1.49, p. 109). As
the spherical particles recede, some of this
highly agitated dust tends to accumulate in
the center of each vortex, while the remain-
der fills the interstices between the particles
of the second element, which envelops and
revolves around the central accumulation of
matter. In this way, the circular motion at-
tributed to the original block of extended
matter produces a whirlpool or a vortex of
matter. Indeed, Descartes holds that innu-
merable vortices are created in this fashion.
It is the presence of many such systems that
ensures that the centrifugal tendency of the
spherical boules does not translate into the
actual radial movement of the spherical
boules away from the center of rotation.
Kepler is sometimes advanced as the inspi-
ration for Descartes’s vortex theory. This
was the verdict of the German philosopher
and mathematician, G.W. Leibniz, but the
basic idea had been part of the Western in-
tellectual tradition for more than 2,000 years.
For example, in his De caelo (295.2:11-14),
Aristotle pointed out that the belief in vorti-
ces was nurtured by the analogy with the
whirlpool and the whirlwind.

A third element is produced from the
original particles. As the cosmic scrapings

Descartes’s Mechanical Cosmology

produced by friction seek to pass through
the interstices between the rapidly revolving
spherical particles of the vortex, some are
detained and become twisted and channeled
in their passage. When they reach the edge
of the body of the sun, they settle upon itin
the way that scum produced by the boiling
of liquids gathers on its surface. They form
spots on the sun. Sometimes the scum is re-
absorbed and forms an aether round the sun.
Sometimes the solar scum increases until it
extends over the entire surface area of the
star, blocking it entirely from view. The ex-
pansive force of the star is thereby depleted,
and in the course of time, it suffers encroach-
ment from contiguous vortices. Eventually
itis swept up by a neighboring vortex. If the
velocity of the decaying star is greater than
that of any part of the vortex that has swept
it up, it will pass out of the range of that
vortex and continue its movement from one
vortex to another. Such a star is a comet. In
the event that the encrusted star settles in a
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Whirlpools of matter. Inthis illustration taken from Descartes’s
Principia philosophiae, the sun S is situated in the midst of
the vortex AYBM, pressed on all sides by contiguous vortices
G K, O,and C.
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portion of the revolving vortex that has a
velocity equivalent to its own, it will con-
tinue to revolve in the vortex, wrapped in
particles of the third element. Such an im-
poverished star is a planet. The several plan-
ets of our solar system are therefore vortices
that have been swept up by the central sun-
vortex. These same considerations are ex-
tended to the moon and other satellites.
Once, these celestial bodies were vortices as
well. They were swallowed up first by a planet
and then by the sweep of the central sun.

With this view, Descartes attempted to
explain certain astronomical phenomena.
The fact that the planets closer to the sun
move faster than those farther away was ex-
plained by the hypothesis that the particles
of the first element, rotating at the center of
the vortical system, augment the speed of
the layers close to the center. The fact that
the linear speed of sunspots is slower than
that of any planet was attributed to a solar
atmosphere extending as far as Mercury
(Descartes 1983, II1.148). Descartes seems
to have been unaware of Kepler’s laws of
planetary motion, but to furnish a mechani-
cal explanation for the fact the planets do
not move in perfect circles, he solicited the
distortion caused by the unequal pressure of
neighboring vortices (Descartes 1983,
II1.157). Descartes is often taken to task for
failing to address Kepler’s laws, unfairly it
would appear, granted that no one prior to
Newton regarded these laws as facts to be
explained by physical theory (see Baigrie
1987).

To explain gravity, Descartes conjectured
that the celestial matter that circulates in all
directions about the earth tends to push all
terrestial objects toward the earth (see Aiton
1972, pp. 55-58). By virtue of its greater
speed, the celestial matter has more centrifu-
gal force than earthly bodies have. If some
terrestial body were to be released above the
surface of the earth, it would therefore be
displaced downward by the celestial matter
rising to take its place. Only bodies contain-
ing the earthly matter of the third element
are subject to gravitation. Of course, no bod-
ies are composed solely of this matter; all
bodies have pores that are filled with the

ethereal elements. However, Descartes sug-

gested that two bodies of the same bulk might
contain larger or smaller pores and, there-
fore, different portions of the third element,
In this event, their weights would be differ-
ent. This view explained how two bodies of
equal extension could have different weights;
all bodies of a given volume contain the same
bulk of matter, but only a fraction of this
matter has any weight.

Descartes readily conceded his inability
to prove that these elements exist. Even so,
he defended his cosmology on account of its
intelligibility: it involved considerations of
the motions, size, shape, and arrangement
of insensible particles, which were clear and
distinct to the attentive mind. Additional sup-
port was furnished by the consistency be-
tween his postulated elements of matter and
a theory of light as mechanical pressure.
Descartes considered light as a tendency
or as a pressure that crosses space instan-
taneously. Aristotle had outlined a similar
view, but Descartes departed from received
opinion by treating light in a material me-
dium (see Sabra 1967, p. 46). According to
Descartes’s purely mechanical theory oflight,
the rotation of vortices gives rise to centrifu-
gal forces which, in turn, drive streams of
luminous globules outward from the sun and
all luminous bodies in all directions. As a
result, the intermediate layer of the atmo-
sphere is compressed and it starts to tremble.
What we experience as light is in fact the
pressure exerted on the eye by these con-
tinuous streams of globules. Since each glob-
ule in a stream is in contact with the one
immediately in front, any change of pres-
sure at the center is felt at the extremity. Itis
this that occasions the impression that the
velocity of light is infinite, when it is merely
the tendency to motion that is communi-
cated to the eye. Descartes’s cosmology fur-
nishes the three elements that are needed to
motivate such an account. The sun and the
stars produce light by mechanical agitation.
The heavens of the second element propa-
gate light. The earth, moon, planets, and
comets of the third element reflect light and
are opaque to it. The three elements, then,
are hypothetical in the sense that they lack
independent empirical support, but they are
not arbitrary, as scholars often suppose, since
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they are designed to restate optical phenom-
ena in purely mechanical terms (Descartes
1983, IIL.52).

The guiding assumptions of Descartes’s
cosmology were articulated and developed
by such eminent scientists as Pierre Sylvain
Régis, Christiaan Huygens, Jacques Rohault,
Nicolas Malebranche, and Gottfried Leibniz
and by the renowned family of Swiss math-
ematicians the Bernoullis. Clearly, they were
held in thrall by the explanatory power of
the general conception of the cosmos as a
plenum, but it is important to note that
Descartes’s treatment of the mechanics of
circular motion was equally attractive to
scholars (e.g., Huygens, Leibniz, and New-
ton) who were interested in a rigorous solu-
tion to the mechanics of planetary motion.
Moreover, we should not lose sight of the
fact that Descartes’s cosmological specula-
tions were fruitful in domains other than
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mechanics. For instance, his account of the
formation of the earth inspired Anathanasius
Kircher’s Mundus subterraneus (1664-65), the
first modern work of geology.

Some of Descartes’s central theses, such
as his rules of impact and his account of the
propagation of light, were known to be mis-
taken before Isaac Newton opposed the vor-
tex theory with an account of forces acting
on discrete bodies in vacuo. In his Principia
(1687) Newton furnished an impressive bat-
tery of arguments that attacked Descartes’s
account of the circular motion of fluids. Since
the inward parts of the vortex are always
propagating their motion to the outward
parts, Newton submitted that a vortex would
eventually grind to a halt if some force un-
known to Descartes were not added to it.
Moreover, Newton contended that the
mechanism of a vortex clashed with Kepler’s
third law of planetary motion, a challenge
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Tbe formation of the earth. The rigor with which Descartes developed bis thesis that the beaven and earth

are to be explaied by the same set of principles is illustrated by bis geological speculations. He suggests that
the earth and the other planets were once stars, differing only in size. The changes in the earth’s crust are
explained by the gradual and continuous cooling of its central mass. In these illustrations, which are taken from
the Principia philosophiae (1644), the earth bas a molten core 1, surrounded by a sphere that is made of the
same matter as sunspots M, a solid crust C, and a lighter crust that floats on an internal sea D. As pieces of
the crust tilt, they become immersed in the sea and protrude as mountains, a thesis that enabled Descartes to
explain the presence of tilted strata that do not follow the curved shape of the eartb.
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that proponents of Descartes’s views would
be unable to surmount in the long run (see
Newton 1934, p. 393). For the time being,
however, these criticisms did little to dampen
enthusiasm for Descartes’s cosmology (see
Baigrie 1988). Descartes’s cosmology con-
tinued to attract adherents untl 1740 or so,
when the French mathematician and astrono-
mer, Pierre Louis Moreau de Maupertuis,
publicly declared his allegiance to the new
science of Newton, primarily on account of
the inability of Cartesian scientists to recon-
cile the mathematical relations implied by
Kepler’s laws of planetary motion with the
mechanism of a vortex (see Baigrie 1987).

Experience

Regrettably, many scholars still embrace a
distorted portrait of Descartes as an arch-
rationalist who blatantly disregarded the evi-
dence furnished by experience. While one
may grant that Descartes was enamored of
the intellect, his writings give no evidence
that experience is to be dismissed out of hand.
In his youthful Regulae ad directionem ingenii
(1628), he complains of those philosophers
“who take no account of experience and think
that truth will spring from their brains like
Minerva from the head of Jupiter” (Descartes
1984, vol. 1, p. 21). According to his biogra-
pher Baillet (1693), Descartes had a great
passion for experiment. He conducted ex-
periments on the weight of the air and on
vibrating strings. He employed a device to
study the motions of vapors. Descartes’s
anatomical studies of a wide variety of ani-
mals are well known and rightly praised for
their attention to detail. Descartes’s skill in
designing and constructing new experimen-
tal devices and scientific instruments (such
as the microscope and a compass for the con-
struction of geometrical curves) is what we
have grown to expect from science in action
and not science in the imagination. Parts III
and IV of the Principles constantly appeal to
the evidence afforded by experiment and
observation. The solution that Descartes
advanced to the problem of the size of the
rainbow in his Les météores is almost un-
known, yet it displays the patient experiment
and laborious calculation that we now readily
associate with a healthy experimental out-
look.

Descartes’s cosmology was a critical fac-
tor in the transition from the finite and quali-
tative cosmos of the Middle Ages to the infi-
nite cosmos described in mathematical de-
tail by Newton. Even so, the suspicion lin-
gers that his conception of the cosmos be-
longs entirely to the past (see Koyré 1965,
ch. 1). To validate this suspicion, scholars
often invoke the traditional portrait of
Descartes as an armchair philosopher. If any-
thing, Descartes’s place in the history of sci-
ence is secured by the philosophical clarity
that he brought to the very idea of a me-
chanical cosmology, at a time when advances
in the discrete mathematical sciences had
taken science to the very threshold of a quan-
titative theory of the cosmos. Modern for-
mulations of classical mechanics employ a
cluster of concepts that are rightly viewed as
descendants of concepts that found their first
concrete application in Descartes’s cosmol-
ogy, a fact that testifies that the revolution-
ary developments of the seventeenth cen-
tury were produced, at least in part, by clear
thinking. However, if we seek to come to
grips with Voltaire’s verdict that, despite the
fertility of his ideas, Descartes’s cosmology
was “un bon roman,” the explanation is to
be found not in the authority that Descartes
conferred on reason per se but, ironically, in
his refusal to place restrictions on the use of
reason. Despite his great enthusiasm for ex-
periment, Descartes’s belief that the phe-
nomena are merely the objective reality of
clear and distinct mathematical ideas was ul-
timately responsible for this failure to pro-
duce stable, empirical results.

In Part III of the Principles, Descartes con-
cedes that explanations of specific phenom-
ena, such as magnetism, do not proceed de-
ductively from first principles. He submits
that to demonstrate that all natural phenom-
ena can be explained according to the prin-
ciples of the mechanical philosophy, the evi-
dence afforded by experiment and observa-
tion is the only way of ruling out all but one
of a number of alternative corpuscular ar-
rangements for a given phenomenon; that
is, appeals to experience, Descartes suggests,
are our only prospect for closing down all
but one deductive chain (see Garber 1978).
This is a startling thesis, but invaluable as 2
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clue to Descartes’s attitude toward experi-
ence. While endorsing in name the device of
an experimentum crucis, Descartes does not
employ it in practice. Indeed, he almost never
pursues dead ends, unlike Newton, for in-
stance, who devotes an entire book of the
Principia to isolating the dynamical condi-
tions of Kepler’s laws of planetary motion
only to declare, in the third book of his mas-
terful argument, that such conditions can
never be realized in nature due to the uni-
versality of gravitational attraction.
Descartes relies on experience, not merely
to furnish an independent tribunal for con-
tending hypotheses but also to give empiri-
cal substance to his mechanical explanations.
The corpuscular realm is concealed to sen-
sation, even with the aid of sophisticated
observational devices, such as the microscope
of Descartes’s own design which was distin-
guished by its employment of a hyperbolic
lens. Though he held that sensation gives us
a confused picture of the world, Descartes
maintained that the phenomena conform to
physical reality in one respect, namely, the
mechanical properties of bodies; that is, natu-
ral phenomena are intrinsically mathemati-
cal in that they are the objective reality of
clear and distinct mathematical ideas
(Descartes 1983, I1.4). On this basis, he reck-
oned that it was perfectly legitimate to infer
the underlying properties and causes of natu-
ral phenomena by analogy with the mechani-
cal properties of bodies that we experience.
Even Descartes conceded that “in the analo-
gies I use ... I compare those things which
because of their small size are not accessible
to our senses with those which are, and which
do not differ from the former more than a
large circle differs from a small one” (1974,
6, pp. 367-8; cited by Clarke, p. 78). Al-
though he envisioned his cosmological the-
ses as moving deductively from first prin-
ciples, properties identified at the macrolevel
bear the burden of proof. In the Discourse,
for example, he asserts that “the causes from
which I deduce from them [effects] serve not
so much to prove them as to explain them;
indeed, quite to the contrary, it is the causes
which are proved by the effects” (Descartes
1985, p. 150). Descartes’s point seems to be
that although his corpuscular explanations
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may be false, they are the best explanations
for whatever mathematical clarity the phe-
nomena seem to possess (see Descartes 1983,
1V.205).

Although Descartes contended that his
principles were mathematical, his explana-
tions consist of a redescription of phenom-
ena in the qualitative discourse of mechan-
ics, which are then justified on account of
their supposed intelligibility. What we en-
counter in Descartes’s writings, therefore, is
a subtle bias against detailed experimental
work and in favor of simple experiments and
observations about which many observers can
be certain and in the interpretation of which
there is less scope for differences of opinion
(cf. Descartes 1985, p. 143; Adam and Tan-
nery 1974, vol. 2, p. 542). His interest in the
phenomena was restricted to that aspect that
appeared, on the face of it, to be clear and
distinct to the attentive mind; the rest of the
world is passed over in silence. This meth-
odological preference for simple observations
and straightforward experiments imputes an
exactness to the phenomena that they do not
possess. Even Nicholas Malebranche, who
was an earnest supporter of Cartesian sci-
ence, conceded that “real levers and wheels
are not the lines and circles of mathematics”
(cited by Lenoble 1964, p. 193). It turns out
that the phenomena are a great deal more
perplexing than Descartes was prepared to
recognize, and that experience never gives
us an exact measure of the cosmos. Why the
perception of mechanical properties only
appears to give us a precise measure of the
cosmos presented what was perhaps the
single most significant obstacle to a quanti-
tative theory of the cosmos, one that would
only be surmounted by a cosmology that
placed limits on the power of reason and
developed experimental techniques for ad- -
dressing the approximate and imprecise na-
ture of phenomena.

See also ARISTOTLE’S COSMOLOGY; DESCARTES;
NEWTONIAN COSMOLOGY
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Digges, Thomas (1546-1595)

Trained in mathematics by his father,
Leonard Digges, and by John Dee, Thomas
Digges became the leading Copernican in
England when in 1576 he added to his
father’s Prognostication a translation of parts
of Copernicus’s work. The influence of
Digges’s Perfit Description of the Caelestiall
Orbes may, however, not have been great,
especially beyond England. Digges was also
a member of Parliament, involved with the
repair of Dover harbor, and muster master
general of the army in the Low Countries. A
controversial historical study raises the pos-
sibility that Digges had a crude reflecting
telescope and that observations with the in-
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