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If Newton’s laws are valid in one reference frame, then they are also valid in
any reference frame in uniform motion (i.e., not accelerated) with respect to
the first system.* This is a result of the fact that the equation F = m¥ involves the
second time derivative of r: A change of coordinates involving a constant velocity
does not influence the equation. This result is called Galilean invariance or the
principle of Newtonian relativity.
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d(mv)
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d(mv) =f=m F = kméx = kma
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We must hasten to add, however, that the Third Law i1s not a general law of
nature. The law does apply when the force exerted by one (point) object on an-
other (point) object 1s directed along the line connecting the objects. Such
forces are called central forces; the Third Law applies whether a central force 1s
attractive or repulsive. Gravitational and electrostatic forces are central forces,
so Newton’s laws can be used in problems involving these types of forces.
Sometimes, elastic forces (which are actually macroscopic manifestations of mi-
croscopic electrostatic forces) are central. For example, two point objects con-
nected by a straight spring or elastic string are subject to forces that obey the
Third Law. Any force that depends on the velocities of the interacting bodies is
noncentral, and the Third Law may not apply. Velocity-dependent forces are
characteristic of interactions that propagate with finite velocity. Thus the force
between moving electric charges does not obey the Third Law, because the force
propagates with the velocity of light. Even the gravitational force between mov-
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