The “ether”

The Michelson—Morley experiment
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The null resuldi

We discussed in Chapters 11 and 12 that waves can travel on water and
along ropes or strings, and sound waves travel in air and other materials,
Nineteenth-century physicists viewed the material world in terms of the laws of
mechanics, so it was natural for them to assume that light too must travel in
some medium. They called this transparent medium the ether and assumed it
permeated all space.” Tt was therefore assumed that the velocity of light given
by Maxwell’s equations must be with respect to the ether.

At first it appeared that Maxwell’s equations did not satisfy the relativity
principle. They were simplest in the frame where ¢ = 3.00 X 10°m/s; thatis, in
a reference frame at rest in the ether. In any other reference frame, extra terms
would have to be added to take into account the relative velocity. Thus,
although most of the laws of physics obeyed the relativity principle, the laws of
electricity and magnetism apparently did not. (Einstein’s second postulate—
see next Section—resolved this problem: Maxwell’s equations do satisfy
relativity.)

Scientists soon set out to determine the speed of the Earth relative to this
absolute frame, whatever it might be. A number of clever experiments were
designed. The most direct were performed by A. A. Michelson and E. W. Morley
in the 1880s. They measured the difference in the speed of light in different
directions using Michelson’s interferometer (Section 24-9). They expected to
find a difference depending on the orientation of their apparatus with respect to
the ether. For just as a boat has different speeds relative to the land when it
moves upstream, downstream, or across the stream, so too light would be
expected to have different speeds depending on the velocity of the ether past
the Earth.

Strange as it may seem, they detected no difference at all. This was a great
puzzle. A number of explanations were put forth over a period of years,
but theyv led to contradictions or were otherwise not generally accepted.
This null result was one of the great puzzles at the end of the nineteenth
century.

Then in 1905, Albert Einstein proposed a radical new theory that reconciled
these many problems in a simple way. But at the same time, as we shall see, it
completely changed our ideas of space and time.

Postulates of the
Special Theory of Relativity

The problems that existed at the start of the twentieth century with regard to
electromagnetic theory and Newtonian mechanics were beautifully resolved by
Einstein’s introduction of the theory of relativity in 1905, Unaware of the
Michelson-Morley null result, Einstein was motivated by certain questions
regarding electromagnetic theory and light waves. For example, he asked
himself: “What would T see if I rode a light beam?” The answer was that instead
of a traveling electromagnetic wave, he would see alternating electric and
magnetic fields at rest whose magnitude changed in space, but did not change in
time. Such fields, he realized, had never been detected and indeed were not
consistent with Maxwell’s electromagnetic theory. He argued, therefore, that it
was unreasonable to think that the speed of light relative to any observer could
be reduced to zero, or in fact reduced at all. This idea became the second
postulate of his theory of relativity.

"The medium for light waves could not be air, since light travels from the Sun to Earth through
nearly empty space. Therefore, another medium was postulated, the ether. The ether was not only
transparent but, because of difficulty in detecting it, was assumed to have zero density.

CHAPTER 26 The Special Theory of Relativity



