FIGURE 26-6 Time dilation can be
shown by a thought experiment: the
time it takes for light to travel across
a spaceship and back is longer for the
observer on Earth (b) than for the
observer on the spaceship (a).

Time interval measured by
abserver on spaceship

mTime Dilation and the Twin Paradox

The fact that two events simultaneous to one observer may not be simultaneous
to a second observer suggests that time itself is not absolute. Could it be that
time passes differently in one reference frame than in another? This is, indeed,
just what Einstein’s theory of relativity predicts, as the following thought exper-
iment shows.
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Figure 26-6 shows a spaceship traveling past Earth at high speed. The
point of view of an observer on the spaceship is shown in part (a), and
that of an observer on Earth in part (b). Both observers have accurate
clocks. The person on the spaceship (a) flashes a light and measures the time
it takes the light to travel across the spaceship and return after reflecting
from a mirror. In the reference frame of the spaceship, the light travels a
distance 2D at speed ¢; so the time required to go across and back, which we
call Ay, 1is
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The observer on Earth, Fig. 26-6b, observes the same process. But to this
observer, the spaceship is moving. So the light travels the diagonal path shown
going across the spaceship, reflecting off the mirror, and returning to the sender.
Although the light travels at the same speed to this observer (the second postu-
late), it travels a greater distance, Hence the time required, as measured by the
observer on Earth, will be greater than that measured by the observer on the
spaceship.

The time interval, Ar, observed by the observer on Earth can be calcu-
lated as follows. In the time Ar, the spaceship travels a distance 2L = v At
where v is the speed of the spaceship (Fig. 26-6b). Thus, the light travels a
total distance on its diagonal path (Pythagorean theorem) of 2 VD? + L?|
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