Galilean—Newtonian relativity involves certain unprovable assumptions
that make sense from everyday experience. It is assumed that the lengths of
objects are the same in one reference frame as in another, and that time passes
at the same rate in different reference frames. In classical mechanics, then, space
and time intervals are considered to be absolute: their measurement does not
change from one reference frame to another. The mass of an object, as well as
all forces, are assumed to be unchanged by a change in inertial reference
frame.
The position of an object, however, is different when specified in different ’ CAUTION
reference frames, and so is velocity. For example, a person may walk inside a  Position and velocity are different in
bus toward the front with a speed of 2 m/s. But if the bus moves 10 m/s with  different reference frames, but length
respect to the Earth, the person is then moving with a speed of 12m/s with 5 he same (classical)
respect to the Earth. The acceleration of a body, however, is the same in any
inertial reference frame according to classical mechanics. This is because the
change in velocity, and the time interval, will be the same. For example, the
person in the bus may accelerate from 0 to 2m/s in 1.0 seconds, so a = 2m/s’
in the reference frame of the bus. With respect to the Earth, the accelera-
tion is

(12m/s — 10m/s)

105 = 2my,

which is the same.
Since neither £ m. nor a changes from one inertial frame to another, then
Newton’s second law, F = ma, does not change. Thus Newton’s second law
satisfies the relativity principle. Tt is easily shown that the other laws of
mechanics also satisfy the relativity principle.
That the laws of mechanics are the same in all inertial reference lrames
implies that no one inertial frame is special in any sense. We express this
important conclusion by saying that all inertial reference frames are equivalent A/ jnerinl
for the description of mechanical phenomena. No one inertial reference frame  reference frames
is any better than another. A reference frame fixed to a car or an aircraft tray- @7« cqually valid
eling at constant velocity is as good as one fixed on the Earth. When you travel
smoothly at constant velocity in a car or airplane, it is just as valid to say you
are at rest and the Earth is moving as it is to say the reverse. There is no exper-
iment you can do to tell which frame is “really” at rest and which is moving.
Thus, there is no way to single out one particular reference frame as being at
absolute rest.
A complication arose, however, in the last half of the nineteenth
century. Maxwell’s comprehensive and successful theory of electromagnetism
(Chapter 22) predicted that light is an electromagnetic wave. Maxwell's
equations gave the velocity of light ¢ as 3.00 % 10°m/s; and this is just what is
measured, within experimental error. The question then arose: in what
reference frame does light have precisely the value predicted by Maxwell's
theory? For it was assumed that light would have a different speed in
different frames of reference. For example, if observers were traveling on a
rocket ship at a speed of 1.0 X 10°m/s away from a source of light, we might
expect them to measure the speed of the light reaching them to be

(3.0 x 10°m/s) = (1.0 < 10¥m/s) = 2.0 > 10° m/s.

But Maxwell’'s equations have no provision for relative velocity. They
predicted the speed of light to be ¢ = 3.0 X 10°m/s. This seemed to imply
there must be some special reference frame where ¢ would have this
value.
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