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2.3: Inertial Frames of reference
An inertial frame of reference is one in which Newton’s Laws of motion are valid. It is a non-accelerated frame of reference. An
inertial frame must be homogeneous and isotropic. Physical experiments can be carried out in different inertial reference frames.
The Galilean transformation provides a means of converting between two inertial frames of reference moving at a constant relative
velocity. Consider two reference frames  and  with  moving with constant relative velocity  at time . Figure  shows
a Galilean transformation which can be expressed in vector form.

Equation  gives the boost, assuming Newton’s hypothesis that the time is invariant to change of inertial frames of reference.
Differentiation of this transformation gives

Note that the forces in the primed and unprimed inertial frames are related by

 
Figure : Frame  moving with a constant velocity  with respect to frame  at the time .

Thus Newton’s Laws of motion are invariant under a Galilean transformation, that is, the inertial mass is unchanged under Galilean
transformations. If Newton’s laws are valid in one inertial frame of reference, then they are valid in any frame of reference in
uniform motion with respect to the first frame of reference. This invariance is called Galilean invariance. There are an infinite
number of possible inertial frames all connected by Galilean transformations.

Galilean invariance violates Einstein’s Theory of Relativity. In order to satisfy Einstein’s postulate that the laws of physics are the
same in all inertial frames, as well as satisfy Maxwell’s equations for electromagnetism, it is necessary to replace the Galilean
transformation by the Lorentz transformation. As will be discussed in chapter , the Lorentz transformation leads to Lorentz
contraction and time dilation both of which are related to the parameter  where c is the velocity of light in vacuum.

Fortunately, most situations in life involve velocities where ; for example, for a body moving at 25 000 mph (11 111 m/s)
which is the escape velocity for a body at the surface of the earth, the  factor differs from unity by about  which is
negligible. Relativistic effects are significant only in nuclear and particle physics and some exotic conditions in astrophysics. Thus,
for the purpose of classical mechanics usually it is reasonable to assume that the Galilean transformation is valid and is well obeyed
under most practical conditions.
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