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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 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.

COROLLARY I.

A body by two forces conjoined will describe the diagonal of a parallelogram, in the 
same time that it would describe the sides, by those forces apart.

If a body in a given time, by the force M impressed apart 
in the place A, should with an uniform motion be carried 
from A to B; and by the force N impressed apart in the 
same place, should be carried from A to C; complete the 
parallelogram ABCD, and, by both forces acting together, 
it will in the same time be carried in the diagonal from A 
to D. For since the force N acts in the direction of the line 
AC, parallel to BD, this force (by the second law) will not at all alter the velocity 
generated by the other force M, by which the body is carried towards the line BD. The 
body therefore will arrive at the line BD in the same time, whether the force N be 
impressed or not; and therefore at the end of that time it will be found somewhere in the 
line BD. By the same argument, at the end of the same time it will be found somewhere 
in the line CD. Therefore it will be found in the point D, where both lines meet. But it 
will move in a right line from A to D, by Law I.

COROLLARY III.

The quantity of motion, which is collected by taking the sum of the motions directed 
towards the same parts, and the difference of those that are directed to contrary parts, 

suffers no change from the action of bodies among themselves.



For action and its opposite re-action are equal, by Law III, and therefore, by Law II, they 
produce in the motions equal changes towards opposite parts. Therefore if the motions 
are directed towards the same parts, whatever is added to the motion of the preceding 
body will be subducted from the motion of that which follows; so that the sum will be the 
same as before. If the bodies meet, with contrary motions, there will be an equal 
deduction from the motions of both; and therefore the difference of the motions directed 
towards opposite parts will remain the same.

Thus if a spherical body A with two parts of velocity, is triple of a spherical body B 
which follows in the same right line with ten parts of velocity, the motion of A will be to 
that of B as 6 to 10. Suppose, then, their motions to be of 6 parts and of 10 parts, and the 
sum will be 16 parts. Therefore, upon the meeting of the bodies, if A acquire 3, 4, or 5 
parts of motion, B will lose as many; and therefore after reflexion A will proceed with 9, 
10, or 11 parts, and B with 7, 6, or 5 parts; the sum remaining always of 16 parts as 
before. If the body A acquire 9, 10, 11, or 12 parts of motion, and therefore after meeting 
proceed with 15, 16, 17, or 18 parts, the body B, losing so many parts as A has got, will 
either proceed with 1 part, having lost 9, or stop and remain at rest, as having lost its 
whole progressive motion of 10 parts: or it will go back with 1 part, having not only lost 
its whole motion, but (if I may so say) one part more; or it will go back with 2 parts, 
because a progressive motion of 12 parts is taken off. And so the sums of the conspiring 
motions 15+1, or 16+0, and the differences of the contrary motions 17-1 and 18-2, will 
always be equal to 16 parts, as they were before the meeting and reflexion of the bodies. 
But the motions being known with which the bodies proceed after reflexion, the velocity 
of either will be also known, by taking the velocity after to the velocity before reflexion, 
as the motion after is to the motion before. As in the last case, where the motion of the 
body A was of 6 parts before reflexion and of 18 parts after, and the velocity was of 2 
parts before reflexion, the velocity thereof after reflexion will be found to be of 6 parts; 
by saying, as the 6 parts of motion, before to 18 parts after, so are 2 parts of velocity 
before reflexion to 6 parts after.

But if the bodies are either not spherical, or, moving in different right lines, impinge 
obliquely one upon the other, and their motions after reflexion are required, in those cases 
we are first to determine the position of the plane that touches the concurring bodies in 
the point of concourse; the. The motion of each body (by Corol. II) is to be resolved into 
two, one perpendicular to that plane, and the other parallel to it. This done, because the 
bodies act upon each other in the direction of a line perpendicular to this plane, the 
parallel motions are to be retained the same after reflexion as before; and to the 
perpendicular motions we are to assign equal changes towards the contrary parts; in such 
manner that the sum of the conspiring and the difference of the contrary motions may 
remain the same as before. From such kind of reflexions also sometimes arise the circular 
motions of bodies about their own centres. But these are cases which I do not consider in 
what follows; and it would be too tedious to demonstrate every particular that relates to 
this subject.
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