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what the forces are by which spherical bodies, consisting of particles that
attract in the way already set forth, must act upon one another, and what
sorts of motions result from such forces.

Book Three: The System of the World
Rules for the Study of Natural Philosophy
Rule 1

No more causes of natural things should be admitted than are both true and
sufficient to explain their phenomena.

As the philosophers say: Nature does nothing in vain, and more causes
are in vain when fewer suffice. For nature 1s simple and does not indulge
in the luxury of superfluous causes.

Rule 2

Therefore, the causes assigned to natural effects of the same kind must be, so
far as possible, the same.

Examples are the cause of respiration in man and beast, or of the falling
of stones in Europe and America, or of the light of a kitchen fire and the
sun, or of the reflection of light on our earth and the planets.

Rule 3

Those qualities of bodies that cannot be intended and remitted [i.e. increased
and diminished] and that belong to all bodies on which experiments can be
made should be taken as qualities of all bodies universally.

For the qualities of bodies can be known only through experiments;
and therefore qualities that square with experiments universally are to be
regarded as universal qualities; and qualities that cannot be diminished
cannot be taken away from bodies. Certainly idle fancies ought not to
be fabricated recklessly against the evidence of experiments, nor should
we depart from the analogy of nature, since nature is always simple and
ever consonant with itself. The extension of bodies is known to us only
through our senses, and yet there are bodies beyond the range of these
senses; but because extension is found in all sensible bodies, it is ascribed
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to all bodies universally. We know by experience that some bodies are hard.
Moreover, because the hardness of the whole arises from the hardness of
its parts, we justly infer from this not only the hardness of the undivided
particles of bodies that are accessible to our senses, but also of all other
bodies. Thatall bodies are impenetrable we gather not by reason but by our
senses. We find those bodies that we handle to be impenetrable, and hence
we conclude that impenetrability is a property of all bodies universally.
That all bodies are movable and persevere in motion or in rest by means
of certain forces (which we call forces of inertia) we infer from finding
these properties in the bodies that we have seen. The extension, hardness,
impenetrability, mobility, and force of inertia of the whole arise from the
extension, hardness, impenetrability, mobility, and force of inertia of each
of the parts; and thus we conclude that every one of the least parts of
all bodies is extended, hard, impenetrable, movable, and endowed with
a force of inertia. And this is the foundation of all natural philosophy.
Further, from phenomena we know that the divided, contiguous parts
of bodies can be separated from one another, and from mathematics it is
certain that the undivided parts can be distinguished into smaller parts
by our reason. But it is uncertain whether those parts which have been
distinguished in this way and not yet divided can actually be divided
and separated from one another by the forces of nature. But if it were
established by even a single experiment that in the breaking of a hard
and solid body, any undivided particle underwent division, we should
conclude by the force of this third rule not only that divided parts are
separable but also that undivided parts can be divided indefinitely.
Finally, if it is universally established by experiments and astronomical
observations that all bodies on or near the earth gravitate [literally, are
heavy| toward the earth, and do so in proportion to the quantity of matter
in each body, and that the moon gravitates [is heavy] toward the earth in
proportion to the quantity of its matter, and that our sea in turn gravitates
[1s heavy] toward the moon, and that all planets gravitate [are heavy]
toward one another, and that there i1s a similar gravity [heaviness] of comets
toward the sun, it will have to be concluded by this third rule that all bodies
gravitate toward one another. Indeed, the argument from phenomena
will be even stronger for universal gravity than for the impenetrability
of bodies, for which, of course, we have not a single experiment, and not
even an observation, in the case of the heavenly bodies. Yet I am by no
means affirming that gravity 1s essential to bodies. By inherent force I
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mean only the force of inertia. This 1s immutable. Gravity is diminished
as bodies recede from the earth.

Rule 4

In experimental philosophy, propositions gathered from phenomena by induc-
tion should be considered either exactly or very nearly true notwithstanding
any contrary hypotheses, until yet other phenomena make such propositions
either more exact or liable to exceptions.

This rule should be followed so that arguments based on induction
may not be nullified by hypotheses.

General Scholium

The hypothesis of vortices is beset with many difficulties. If, by a radius
drawn to the sun, each and every planet is to describe areas proportional
to the time, the periodic times of the parts of the vortex must be as the
squares of the distances from the sun. If the periodic times of the planets
are to be as the 3/2 powers of the distances from the sun, the periodic times
of the parts of the vortex must be as the 3/2 powers of the distances. If
the smaller vortices revolving about Saturn, Jupiter, and the other planets
are to be preserved and are to float without agitation in the vortex of the
sun, the periodic times of the parts of the solar vortex must be the same.
The axial revolutions [i.e. rotations] of the sun and planets, which would
have to agree with the motions of their vortices, differ from all these
proportions. The motions of comets are extremely regular, observe the
same laws as the motions of planets, and cannot be explained by vortices.
Comets go with very eccentric motions into all parts of the heavens, which
cannot happen unless vortices are eliminated.™

The only resistance which projectiles encounter in our air is from the
air. With the air removed, as it is in Boyle’s vacuum, resistance ceases,
since a tenuous feather and solid gold fall with equal velocity in such
a vacuum. And the case is the same for the celestial spaces, which are
above the atmosphere of the earth. All bodies must move very freely in
these spaces, and therefore planets and comets must revolve continually
in orbits given in kind and in position, according to the laws set forth

© Cf. again Newton’s 1693 letter to Leibniz, in this volume.
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