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Selections from Philosophiae Naturalis
Principia Mathematica (Mathematical
Principles of Natural Philosophy)*

NEWTON’S PREFACE to the FIRST EDITION

Since the ancients (as we are told by Pappas), made great account of
the science of mechanics in the investigation of natural things; and
the moderns, lying aside substantial forms and occult qualities, have
endeavoured to subject the phænomena of nature to the laws of
mathematics, I have in this treatise cultivated mathematics so far as
it regards philosophy. The ancients considered mechanics in a
twofold respect; as rational, which proceeds accurately by
demonstration; and practical. To practical mechanics all the manual
arts belong, from which mechanics took its name. But as artificers do
not work with perfect accuracy, it comes to pass that mechanics is so
distinguished from geometry, that what is perfectly accurate is called
geometrical; what is less so, is called mechanical. But the errors are
not in the art, but in the artificers. He that works with less accuracy
is an imperfect mechanic; and if any could work with perfect
accuracy, he would be the most perfect mechanic of all; for the
description of right lines and circles, upon which geometry is
founded, belongs to mechanics. Geometry does not teach us to draw
these lines, but requires them to be drawn; for it requires that the
learner should first be taught to describe these accurately, before he
enters upon geometry; then it shows how by these operations
problems may be solved. To describe right lines and circles are
problems, but not geometrical problems. The solution of these
problems is required from mechanics; and by geometry the use of
them, when so solved, is shown; and it is the glory of geometry that
from those few principles, brought from without, it is able to produce
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so many things. Therefore geometry is founded in mechanical
practice, and is nothing but that part of universal mechanics which
accurately proposes and demonstrates the art of measuring. But since
the manual arts are chiefly conversant in the moving of bodies, it
comes to pass that geometry is commonly referred to their
magnitudes, and mechanics to their motion. In this sense rational
mechanics will be the science of motions resulting from any forces
whatsoever, and of the forces required to produce any motions,
accurately proposed and demonstrated. This part of mechanics was
cultivated by the ancients in the five powers which relate to manual
arts, who considered gravity (it not being a manual power, no
otherwise than as it moved weights by those powers. Our design not
respecting arts, but philosophy, and our subject not manual but
natural powers, we consider chiefly those things which relate to
gravity, levity, elastic force, the resistance of fluids, and the like
forces, whether attractive or impulsive; and therefore we offer this
work as the mathematical principles of philosophy; for all the
difficulty of philosophy seems to consist in this – from the
phænomena of motions to investigate the forces of nature, and then
from these forces to demonstrate the other phænomena; and to this
end the general propositions in the first and second book are
directed. In the third book we give an example of this in the
explication of the System of the World; for by the propositions
mathematically demonstrated in the former books, we in the third
derive from the celestial phænomena the forces of gravity with which
bodies tend to the sun and the several planets. Then from these
forces, by other propositions which are also mathematical, we deduce
the motions of the planets, the comets, the moon, and the sea. I wish
we could derive the rest of the phænomena of nature by the same
kind of reasoning from mechanical principles; for I am induced by
many reasons to suspect that they may all depend upon certain forces
by which the particles of bodies, by some causes hitherto unknown,
are either mutually impelled towards each other, and cohere in
regular figures, or are repelled and recede from each other; which
forces being unknown, philosophers have hitherto attempted the
search of nature in vain; but I hope the principles here laid down
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will afford some light either to this or some truer method of
philosophy.

In the publication of this work the most acute and universally
learned Mr. Edmund Halley not only assisted me with his pains in
correcting the press and taking care of the schemes, but it was to his
solicitations that its becoming public is owing; for when he had
obtained of me my demonstrations of the figure of the celestia1
orbits, he continually pressed me to communicate the same to the
Roya1 Society, who afterwards, by their kind encouragement and
entreaties, engaged me to think of publishing them. But after I had
begun to consider the inequalities of the lunar motions, and had
entered upon some other things relating to the laws and measures of
gravity, and other forces; and the figures that would be described by
bodies attracted according to given laws; and the motion of several
bodies moving among themselves; the motion of bodies in resisting
mediums; the forces, densities, and motions, of mediums; the orbits
of the comets, and such like; deferred that publication till I had
made a search into those matters, and could put forth the whole
together. What relates to the lunar motions (being imperfect), I have
put all together in the corollaries of Prop. 66, to avoid being obliged
to propose and distinctly demonstrate the several things there
contained in a method more prolix than the subject deserved, and
interrupt the series of the several propositions. Some things, found
out after the rest, I chose to insert in places less suitable, rather than
change the number of the propositions and the citations. I heartily
beg that what I have here done may be read with candour; and that
the defects in a subject so difficult be not so much reprehended as
kindly supplied, and investigated by new endeavours of my readers.

ISAAC NEWTON.
Cambridge, Trinity College May 8, 1686.

SCHOLIUM

Hitherto I have laid down the definitions of such words as are less

known, and  explained the sense in which I would have them to be
understood in the following discourse. I do not define time, space,
place and motion, as being well known to all. Only I must observe,
that the vulgar conceive those quantities under no other notions but
from the relation they bear to sensible objects. And thence arise
certain prejudices, for the removing of which, it will be convenient to
distinguish them into absolute and relative, true and apparent,
mathematical and common.

I. Absolute, true, and mathematical time, of itself, and from its  own
nature flows equably without regard to anything external, and by
another name is  called duration:  relative, apparent, and common
time, is some sensible and external (whether accurate or unequable)
measure of duration by the means of motion, which is commonly used
instead of true time; such as an hour, a day, a month, a year.

II. Absolute space, in its own nature, without regard to anything
external, remains always similar and immovable. Relative space is
some movable dimension  or measure of the absolute spaces; which
our senses determine by its position to bodies; and which is vulgarly
taken for immovable space; such is the dimension of a
subterraneaneous, an æreal, or celestial space, determined by its
position in respect of the earth. Absolute and relative space, are the
same in figure and magnitude; but they do not remain always
numerically the same. For if the earth, for instance, moves, a space of
our air, which relatively and in respect of the earth remains always
the same, will at one time be one part of the absolute space into
which the air passes; at another time it will be another part of the
same, and so, absolutely understood, it will be perpetually mutable.

III. Place is a part of space which a body takes up, and is according
to the space, either absolute or relative. I say, a part of space; not the
situation nor the external surface of the body. For the places of equal
solids are always equal; but their superfices, by reason of their
dissimilar figures, are often unequal.  Positions properly have no
quantity, nor are they so much the places themselves, as the
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properties of places. The motion of the whole is the same thing with
the sum of the motions of the parts; that is, the translation of the
whole, out of its place, is the same thing with the sum of the
translations of the parts out of their places; and therefore the place of
the whole is the same thing with the sum of the places of the parts,
and for that reason, it is internal, and in the whole body.

IV. Absolute motion is the translation of a body from one absolute
place into another; and relative motion, the translation from one
relative place into  another.  Thus in a ship under sail, the relative
place of a body is that part of the ship which the body possesses; or
that part of its cavity which the body fills, and which therefore
moves together with the ship: and relative rest is the continuance of
the body in the same part of the ship, or of its cavity. But real,
absolute rest, is the continuance of the body in the same part of that
immovable space, in which the ship itself, its cavity, and all that it
contains, is moved. Wherefore if the earth is really at rest, the body,
which relatively rests in the ship, will really and absolutely move
with the same velocity which the ship has on the earth. But if the
earth also moves, the true and absolute motion of the body will arise,
partly from the true motion of the earth, in immovable space; partly
from the relative motion of the ship on the earth; and if the body
moves also relatively in the ship; its true motion will arise, partly
from the true motion of the earth, in immovable space, and partly
from the relative motions as well of  the ship on the earth, as of the
body in the ship; and from these relative motions will arise the
relative motion of the body on the earth. As if that part of the earth,
where the ship is, was truly moved toward the east, with a velocity of
10010 parts; while the ship itself, with fresh gale, and full sails, is
carried towards the west, with a velocity expressed by 10 of those
parts; but a sailor walks in the ship towards the east, with 1 part of
the said velocity; then the sailor will be moved truly in immovable
space towards the east, with a velocity of 10001 parts, and relatively
on the earth towards the west, with a velocity of 9 of those parts.

Absolute time, in astronomy, is distinguished from relative, by the

equation or  correlation of the vulgar time. For the natural days are
truly unequal, though they are commonly considered as equal and
used for a measure of time; astronomers correct this inequality for
their more accurate deducing of the celestial motions. It may be, that
there is no such thing as an equable motion, whereby time may be
accurately measured. All motions may be accelerated and retarded,
but the true, or equable, progress of absolute time is liable to no
change. The duration or perseverance of the existence of things
remains the same, whether the motions are swift or slow, or none at
all:  and therefore, it  ought to be distinguished from what are only
sensible measures thereof; and out of which we collect it, by means of
the astronomical equation.  The necessity of which equation, for
determining the times of a phænomenon, is evinced as well from the
experiments of the pendulum clock, as by eclipses of the satellites of
Jupiter.

As the order of the parts of time is immutable, so also is the order of
the parts of  space.  Suppose those parts to be moved out of their
places, and they will be moved (if the expression may be allowed) out
of themselves. For times and spaces are, as it were, the places as well
of themselves as of all other things. All things are placed in time as
to order of succession; and in space as to order of situation. It is from
their essence or nature that they are places; and that the primary
places of things should be moveable, is absurd. These are therefore
the absolute places; and translations out of those places, are the only
absolute motions.

But because the parts of space cannot be seen, or distinguished from
one another by our senses, therefore in their stead we use sensible
measures of them. For from the positions and distances of things
from any body considered as immovable, we define all places; and
then with respect to such places, we estimate all motions, considering
bodies as transferred from some of those places into others. And so,
instead of absolute places and motions, we use relative ones; and that
without any inconvenience in common affairs; but in philosophical
disquisitions, we ought to abstract from our senses, and consider
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things themselves, distinct from what are only sensible measures of
them. For it may be that there is no body really at rest, to which the
places and motions of others may be  referred.

But we my distinguish rest and motion, absolute and relative, one
from the other by their properties, causes and effects. It is a property
of rest, that bodies really at rest do rest in respect to one another.
And therefore as it is possible, that in the remote regions of the fixed
stars, or perhaps far beyond them, there may be some body
absolutely at rest; but impossible to know, from the position of
bodies to one another in our regions whether any of these do keep the
same position to that remote body; it follows that absolute rest
cannot be determined from the position of bodies in our regions.

It is a property of motion, that the parts, which retain given
positions to their  wholes, do partake of the motions of those wholes.
For all the parts of revolving bodies endeavour to recede from the
axis of motion; and the impetus of bodies moving forward, arises
from the joint impetus of all the parts. Therefore, if surrounding
bodies are moved, those that are relatively at rest within them, will
partake of their motion. Upon which account, the true and absolute
motion of a body cannot be determined by the translation of it from
those which only seem to rest; for the external bodies ought not only
to appear at rest, but to be really at rest. For otherwise, all included
bodies, beside their translation from near the surrounding ones,
partake likewise of their true motions; and though that translation
were not made they would not be really at rest, but only seem to be
so. For the surrounding bodies stand in the like relation to the
surrounded as the exterior part of a whole does to the interior, or as
the shell does to the kernel; but, if the shell moves, the kernel will
also move, as being part of the  whole, without any removal from
near the shell.

A property, near akin to the preceding, is this, that if a place is
moved, whatever is  placed therein moves along with it; and therefore
a body, which is moved from a place in motion, partakes also of the

motion of its place. Upon which account, all motions, from places in
motion, are no other than parts of entire and absolute motions; and
every entire motion is composed of the motion of the body out of its
first place, and the motion of this place out of its place; and so on,
until we come to some immovable place, as in the before-mentioned
example of the sailor. Wherefore, entire and absolute motions can be
no otherwise determined than by immovable places; and for that
reason I did before refer  those absolute motions to immovable places,
but relative ones to movable places. Now no other places are
immovable but those that, from infinity to infinity, do all retain the
same given position to one another; and upon this account must ever
remain unmoved; and do thereby constitute immovable space.

The causes by which true, and relative motions are distinguished,
one from the other, are the forces impressed upon bodies to generate
motion. True motion is neither generated nor altered, but by some
force impressed upon the body moved; but relative motion may be
generated or altered without any force impressed upon the body. For
it is sufficient only to impress some force on other bodies with which
the former is compared, that by their giving way, that relation may
be changed, in which the relative rest or motion of this other body
did consist. Again, true motion suffers always some change from any
force impressed upon, the moving body; but relative motion does not
necessarily undergo any change by such forces. For if the same forces
are likewise impressed on those other bodies, with which the
comparison is made, that the relative position may be preserved, then
that condition will be preserved in which the relative motion
consists. And therefore any relative motion may be changed when the
true motion remains unaltered, and the relative may be preserved
when the true suffers some change. Upon which accounts, true
motion does by no means consist in such relations.

The effects which distinguish absolute from relative motion are, the
forces of receding from the axis of circular motion.  For there are no
such forces in a  circular motion purely relative, but in a true and
absolute circular motion, they are greater or less, according to the
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quantity of the motion. If a vessel, hung by a long cord, is so often
turned about that the cord is strongly twisted, then filled with
water, and held at rest together with the water; after, by the sudden
action of another force, it is whirled about the contrary way, and
while the cord is untwisting itself, the vessel continues, for some time
in this motion; the surface of the water will at first be plain, as before
the vessel began to move: but the vessel, by gradually communicating
its motion to the water, will make it begin sensibly to evolve, and
recede by little and little from the middle, and ascend to the sides of
the vessel, forming itself into a concave figure (as I have experienced),
and the swifter the motion becomes, the higher will the water rise, till
at last, performing its revolutions in the same times with the vessel,
it becomes relatively at rest in it. This ascent of the water shows its
endeavour to recede from the axis of its motion; and the true and
absolute circular motion of the water, which is here directly contrary
to the relative, discovers itself, and may be measured by this
endeavour. At first, when the relative motion of the water in the
vessel was greatest, it produced no endeavour to recede from the axis;
the water showed no tendency to the circumference, nor any ascent
towards the sides of the vessel, but remained of a plain surface, and
therefore its true circular motion had not yet begun. But afterwards,
when the relative motion of the water had decreased, the ascent
thereof towards the sides of the vessel proved its endeavour to recede
from the axis; and this endeavour showed the real circular motion of
the water perpetually increasing, till it had acquired its greatest
quantity, when the water rested relatively in the vessel. And therefore
this endeavour, does not depend upon any translation of the water
in respect of the ambient bodies, nor can true circular motion be
defined by such translation. There is only one real circular motion of
any one revolving body, corresponding to only one power of
endeavouring to recede from its axis of motion, as its proper and
adequate effect; but relative motions, in one and the same body, are
innumerable, according to the various relations it bears to external
bodies, and like other relations, are altogether destitute of any real
effect, any otherwise than they may partake of that one only true
motion. And therefore in their system who suppose that our heavens,

revolving below the sphere of the fixed stars, carry the planets along
with them; the several parts of those heavens and the planets, which
are indeed relatively at rest in their heavens, do yet really move. For
they change their position one to another (which never happens to
bodies truly at rest), and being carried together with their heavens,
partake of their motions, and as parts of revolving wholes, endeavour
to recede from the axis of their motions.

Wherefore relative quantities are not the quantities themselves, whose
names they bear, but those sensible measures of them (either accurate
or inaccurate), which are commonly used instead of the measured
quantities themselves. And if the meaning of words is to be
determined by their use, then by the names time, space, place and
motion, their measures are properly to be understood; and the
expression will be unusual, and purely mathematical, if the measured
quantities themselves are meant. Upon which account, they do strain
the sacred writings, who there interpret those words for the measured
quantities. Nor do those less defile the purity of mathematical and
philosophical truths, who confound real quantities themselves with
their relations and vulgar measures.

It is indeed a matter of great difficulty to discover, and effectually to
distinguish, the true motion of particular bodies from the apparent;
because the parts of that immovable space, in which those motions
are performed, do by no means come under the observation of our
senses. Yet the thing is not altogether desperate; for we have some
arguments to guide us, partly from the apparent motions, which are
the differences of the true motions; partly from the forces, which are
the causes and effects of the true motion.  For instance, if two globes,
kept at a given distance one from the other by means of a cord that
connects them, were revolved about their common centre of gravity,
we might, from the tension of the cord, discover the endeavour of the
globes to recede from the axis of their motion, and from thence we
might compute the quantity of their circular motions.  And then if
any equal forces should be impressed at once on the alternate faces of
the globes to augment or diminish their circular motions, from the
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increase or decrease of the tension of the cord, we might infer the
increment or decrement of their motions; and thence would be found
on what faces those forces ought to be impressed, that the motions of
the globes might be most augmented; that is, we might discover their
hindermost faces, or those which, in the circular motion, do follow.
But the faces which follow being known and consequently the
opposite ones that precede, we should likewise know the
determination of their motions. And thus we might find both the
quantity and the determination of this circular motion, even in an
immense vacuum, where there was nothing external or sensible with
which the globes could be compared. But now, if in that space some
remote bodies were placed the kept always a given position one to
another, as the fixed stars do in our regions, we could not indeed
determine from the relative translation of the globes among those
bodies, whether the motion did belong to the globes or to the bodies.
But if we observed the cord, and found that its tension was that very
tension which the motions of the globes required, we might conclude
the motion to be in the globes, and the bodies to be at rest; and
then, lastly, from the translation of the globes among the bodies, we
should find the determination of their motions. But how we are to
collect the true motions from their causes, effects, and apparent
differences; and, vice versa , how from the motions, either true or
apparent, we may come to the knowledge of their causes and effects,
shall be explained more at large in the following tract. For to this
end it was that I composed it.

AXIOMS,  OR LAWS OF MOTION.

LAW I.

Every body perseveres in its state of rest, or of uniform motion in a
right line, unless it is compelled to change that state by forces
impressed thereon.

Projectiles persevere in their motions, so far as they are not retarded

by the resistance of the air, or impelled downwards by the force of
gravity. A top, whose parts by their cohesion are perpetually drawn
aside from rectilinear motions, does not cease its rotation, otherwise
than as it is retarded by the air. The greater bodies of the planets
and comets, meeting with less resistance in more free spaces, preserve
their motions both progressive and circular for a much longer time.

LAW II.

The alteration of motion is ever proportional to the motive force
impressed; and is made in the direction of the right line in which that
force is impressed.

If any force generates a motion, a double force will generate double
the motion, a triple force triple the motion, whether that force be
impressed altogether and at once, or gradually and successively. And
this motion (being always directed the same way with the generating
force), if the body moved before, is added to or subtracted from the
former motion, according as they directly conspire with or are directly
contrary to each other; or obliquely joined, when they are oblique, so
as to produce a new motion compounded from the determination of
both.

LAW III.

To every action there is always opposed an equal reaction; or the
mutual actions of two bodies upon each other are always equal, and
directed to contrary  parts.

Whatever draws or presses another is as much drawn or pressed by
that other. If you press a stone with your finger, the finger is also
pressed by the stone. If a horse draws a stone tied to a rope, the
horse (if I may so say) will be equally drawn back towards the stone:
for the distended rope, by the same endeavour to relax or unbend
itself, will draw the horse as much towards the stone as it does the
stone towards the horse, and will obstruct the progress of the one as
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much as it advances that of the other.

If a body impinges upon another, and by its force change the motion
of the other, that body also (became of the quality of, the mutual
pressure) will undergo an equal change, in its own motion, towards
the contrary part. The changes made by these actions are equal, not
in the velocities but in the motions of bodies; that is to say, if the
bodies are not hindered by any other impediments. For, because the
motions are equally changed, the changes of the velocities made
towards contrary parts are reciprocally proportional to the bodies.
This law takes place also in attractions, as will be proved in the next
scholium.


