39.10 Summary

Einstein’s cross. The four bright spots are
images of the same galaxy that have been
bent around a massive object located be-
tween the galaxy and the Earth. The mas-
sive object acts like a lens, causing the rays
of light that were diverging from the distant
galaxy to converge on the Earth. (If the in-
tervening massive object had a uniform
mass distribution, we would see a bright
ring instead of four spots.)

North Pole but from different starting locations. Even though both say they are
walking due north, and thus should be on parallel paths, they see themselves get-
ting closer and closer together, as if they were somehow attracted to each other.
The curvature of the Earth causes this effect. In a similar way, what we are used to
thinking of as the gravitational attraction between two masses is, in Einstein'’s view,
two masses curving space—time and as a result moving toward each other, much
like two bowling balls on a mattress rolling together.

One prediction of the general theory of relativity is that a light ray passing
near the Sun should be deflected into the curved space—time created by the Sun’s
mass. This prediction was confirmed when astronomers detected the bending of
starlight near the Sun during a total solar eclipse that occurred shortly after World
War I (Fig. 39.23). When this discovery was announced, Einstein became an inter-
national celebrity.

If the concentration of mass becomes very great, as is believed to occur when a
large star exhausts its nuclear fuel and collapses to a very small volume, a black
hole may form. Here, the curvature of space—time is so extreme that, within a cer-
tain distance from the center of the black hole, all matter and light become

trapped.

SUMMARY
The two basic postulates of the special theory of relativity are

¢ The laws of physics must be the same in all inertial reference frames.

» The speed of light in vacuum has the same value, ¢ = 3.00 X 108 m/s, in all in-
ertial frames, regardless of the velocity of the observer or the velocity of the
source emitting the light.

Three consequences of the special theory of relativity are

* Events that are simultaneous for one observer are not simultaneous for another
observer who is in motion relative to the first.

¢ Clocks in motion relative to an observer appear to be slowed down by a factor
vy = (1 — v*/¢®) ~1/2 This phenomenon is known as time dilation.

¢ The length of objects in motion appears to be contracted in the direction of
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