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17.2: Galilean Invariance

As discussed in chapter 2.3, an inertial frame is one in which Newton’s Laws of motion apply. Inertial frames are non-accelerating
frames so that pseudo forces are not induced. All reference frames moving at constant velocity relative to an inertial reference, are
inertial frames. Newton’s Laws of nature are the same in all inertial frames of reference and therefore there is no way of
determining absolute motion because no inertial frame is preferred over any other. This is called Galilean-Newtonian invariance.
Galilean invariance assumes that the concepts of space and time are completely separable. Time is assumed to be an absolute
quantity that is invariant to transformations between coordinate systems in relative motion. Also the element of length is the same
in different Galilean frames of reference.
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Figure 17.2.1: Motion of the primed frame along the 21 axis with velocity v relative to the parallel unprimed frame.

Consider two coordinate systems shown in Figure 17.2.1 where the primed frame is moving along the z axis of the fixed
unprimed frame. A Galilean transformation implies that the following relations apply;

Ty =z —vt (17.2.1)
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Note that at any instant ¢, the infinitessimal units of length in the two systems are identical since
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These are the mathematical expression of the Newtonian idea of space and time. An immediate consequence of the Galilean
transformation is that the velocity of light must differ in different inertial reference frames.

At the end of the 19" century physicists thought they had discovered a way of identifying an absolute inertial frame of reference,
that is, it must be the frame of the medium that transmits light in vacaum. Maxwell’s laws of electromagnetism predict that
electromagnetic radiation in vacuum travels at ¢ = ——= = 2.998 x 10° m /s. Maxwell did not address in what frame of

reference that this speed applied. In the nineteenth century all wave phenomena were transmitted by some medium, such as waves
on a string, water waves, sound waves in air. Physicists thus envisioned that light was transmitted by some unobserved medium
which they called the ether. This ether had mystical properties, it existed everywhere, even in outer space, and yet had no other
observed consequences. The ether obviously should be the absolute frame of reference.

In the 1880's, Michelson and Morley performed an experiment in Cleveland to try to detect this ether. They transmitted light back
and forth along two perpendicular paths in an interferometer, shown in Figure 17.2.2 and assumed that the earth’s motion about
the sun led to movement through the ether.

@ 0 g @ 17.2.1 https://phys.libretexts.org/@go/page/9664


https://libretexts.org/
https://creativecommons.org/licenses/by-nc-sa/4.0/
https://phys.libretexts.org/@go/page/9664?pdf
https://phys.libretexts.org/Bookshelves/Classical_Mechanics/Variational_Principles_in_Classical_Mechanics_(Cline)/17%3A_Relativistic_Mechanics/17.02%3A_Galilean_Invariance

LibreTextsw

Mirror —

Light .
source he.ml-transparenl
mirror ’
\ .
—
3& B

-« [—>]

® e’

Figure 17.2.2: The Michelson interferometer used for the Michelson-Morley experiment. Interference of the two beams of coherent

light leads to fringes that depends on the differences in phase along the two paths.
The time taken to travel a return trip takes longer in a moving medium, if the medium moves in the direction of the motion,
compared to travel in a stationary medium. For example, you lose more time moving against a headwind than you gain travelling

back with the wind. The time difference At, for a round trip to a distance L, between travelling in the direction of motion in the

ether, versus travelling the same distance perpendicular to the movement in the ether, is given by At = % (E) where v is the

c
relative velocity of the ether and c is the velocity of light.

Interference fringes between perpendicular light beams in an optical interferometer provides an extremely sensitive measure of this
time difference. Michelson and Morley observed no measurable time difference at any time during the year, that is, the relative
motion of the earth within the ether is less than 1/6 the velocity of the earth around the sun. Their conclusion was either, that the
ether was dragged along with the earth, or the velocity of light was dependent on the velocity of the source, but these did not jibe
with other observations. Their disappointment at the failure of this experiment to detect evidence for an absolute inertial frame is
important and confounded physicists for two decades until Einstein’s Special Theory of Relativity explained the result.
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