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Speed of light and the non-relativistic law of addition of velocities

Z
light wave a device to measure
' the speed of light
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The non-relativistic law of addition of velocities predicts that the speeds ¢, ¢”, ¢” should be different
from c. Experiments show that¢'=c¢" =¢" = c.

The first experiment in which the lack of influence of the speed of reference system on the measured
value of the speed of light was checked, was performed by A.A. Michelson in 1881, it was then repeated with a
greater accuracy by A.A. Michelson and E.W. Morley in 1887. These experiments also show that there is no
ether, a hypothetical medium in which electromagnetic waves would propagate.
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vi
Distances measured in a direction perpendicular to the relative motion
(download for free at
https://openstax.org/details/books/university-physics-volume-3)

Imagine two observers moving along
their x-axes and passing each other while holding meter sticks vertically in the y-direction. Figure 5.10 shows two meter
sticks M and M’ that are at rest in the reference frames of two boys S and S’, respectively. A small paintbrush is attached

to the top (the 100-cm mark) of stick M’. Suppose that S’ is moving to the right at a very high speed v relative to S, and the

sticks are oriented so that they are perpendicular, or transverse, to their relative velocity vector. The sticks are held so that
as they pass each other, their lower ends (the 0-cm marks) coincide. Assume that when S looks at his stick M afterwards,
he finds a line painted on it, just below the top of the stick. Because the brush is attached to the top of the other boy’s stick
M’, S can only conclude that stick M’ is less than 1.0 m long.

Sf i \/ S

* == 100cm 100 cm
: rO 0 ! - 1
M M | \\J A

. 'y

Figure 5.10 Meter sticks M and M’ are stationary in the reference
frames of observers S and S’, respectively. As the sticks pass, a

small brush attached to the 100-cm mark of M’ paints a line on M.

Now when the boys approach each other, S’, like S, sees a meter stick moving toward him with speed v. Because their

situations are symmetric, each boy must make the same measurement of the stick in the other frame. So, if S measures stick
M’ to be less than 1.0 m long, S’ must measure stick M to be also less than 1.0 m long, and S’ must see his paintbrush

pass over the top of stick M and not paint a line on it. In other words, after the same event, one boy sees a painted line on a
stick, while the other does not see such a line on that same stick!

Einstein’s first postulate requires that the laws of physics (as, for example, applied to painting) predict that S and S’, who

are both in inertial frames, make the same observations; that is, S and S’ must either both see a line painted on stick M, or

both not see that line. We are therefore forced to conclude our original assumption that S saw a line painted below the top
of his stick was wrong! Instead, S finds the line painted right at the 100-cm mark on M. Then both boys will agree that a
line is painted on M, and they will also agree that both sticks are exactly 1 m long. We conclude then that measurements of
a transverse length must be the same in different inertial frames.
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