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A central principle of relativity is the Principle of equivalence, which states that the motion of an
object accelerated by a uniform gravitational field is indistinguishable from the motion of an object
with the same acceleration in the absence of this field.

One of the simplest demonstrations of the above principle is a thought experiment involving two
opaque, sealed containers, as shown in Fig. 1. One of them is located near the Earth’s surface and
is exposed to the Earth's gravitational acceleration, g = 9.81 m sec 2. The other is in intergalactic
space and it is exposed to the same acceleration g, but of artificial nature. The Equivalence
principle posits that the motions of these two containers are indistinguishable from one another.
This is not quite correct. The motion of the first container in the Earth’s gravitational field is time-
limited, while the motion of the second container in intergalactic space can be, at least
theoretically, time-unlimited. In other words, the first one will quickly end its motion by falling to
the surface of the Earth, while this is not the case with the second container in intergalactic space.
The first motion is local in nature, while the second is non-local, or say, intergalactic. Moreover,
it appears that in the first case, Newtonian kinematics is relevant while in the second, Newtonian
kinematics or Special relativity is relevant.

The acceleration due to the Earth’s gravitation is different at different attitudes. For example, at an
altitude of 100 km, the first container will have an acceleration of g = 9.5 m sec™2. In order to
maintain the acceleration of 9.81 m sec2, the second container would have to be exposed to some
constant external force, and this can only be achieved by some artificial propulsion. For something
like that to happen naturally in intergalactic space is impossible. After the external force ceased,
the second container would perform a uniform motion by inertia.

It is also claimed that no experiment can distinguish the motion of the first container from the
motion of the second one. And that is not quite correct. Suppose that both containers are 0.3 km
high and that light from the bottom of both travels towards their tops. Given that the speed of light
isc =3 x 10®msec?, asimple calculation shows that the light would reach the top of the first
container in 1 x 10° sec or 10 usec.

Physicists consider the “non-relativistic” objects to be those whose speed v is far less than the
speed of light or v << c. They usually assume that the object with v/c < 0.1 (orv <0.1¢c = 3 x 10’
km sec™?) is “non-relativistic”. Suppose now that the second container travels through intergalactic
space with a non-relativistic speed of 3 x 10" m sec®. Again, a simple calculation will show that
the light in the second container will travel from bottom to top longer than in the first by about 1
x 107 sec or by lusec. Here we would remind you that the shortest unit of time that can be
practically measured is the 102! sec (1 zeptosecond).
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