1282 CHAPTER 39 Relativity

motion by a factor 1/y = (1 — v?/¢%)1/2, This phenomenon is known as length

contraction.

To satisfy the postulates of special relativity, the Galilean transformation equa-
tions must be replaced by the Lorentz transformation equations:
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where y = (1 — ‘02/62)_1/2.
The relativistic form of the velocity transformation equation is

Wy —i————— (39.16)
1 - U

A2
[

where u, is the speed of an object as measured in the S frame and u} is its speed

measured in the S’ frame.

The relativistic expression for the linear momentum of a particle moving

with a velocity u is

mua

P=—7FT—— = vinu (39.19)

The relativistic expression for the kinetic energy of a particle is

QUESTIONS

1.

2.

What two speed measurements do two observers in rela-
tive motion always agree on?

A spaceship in the shape of a sphere moves past an ob-
server on the Earth with a speed 0.5¢. What shape does
the observer see as the spaceship moves past?

. An astronaut moves away from the Earth at a speed close

to the speed of light. If an observer on Earth measures
the astronaut’s dimensions and pulse rate, what changes
(if any) would the observer measure? Would the astro-
naut measure any changes about himself?

Two identical clocks are synchronized. One is then put in
orbit directed eastward around the Earth while the other
remains on Earth. Which clock runs slower? When the
moving clock returns to Earth, are the two still synchro-
nized?

. Two lasers situated on a moving spacecraft are triggered

simultancously. An observer on the spacecraft claims to
see the pulses of light simultaneously. What condition is
necessary so that a second observer agrees?

When we say that a moving clock runs more slowly than a
stationary one, does this imply that there is something
physically unusual about the moving clock?

List some ways our day-to-day lives would change if the
speed of light were only 50 m/s.

Give a physical argument that shows that it is impossible
to accelerate an object of mass m to the speed of light,
even if it has a continuous force acting on it.

9. Itis said that Einstein, in his teenage years, asked the
question, “What would I see in a mirror if I carried it in
my hands and ran at the speed of light?” How would you

answer this question?

10. Some distant star-like objects, called quasars, are receding
from us at half the speed of light (or greater). What is the
speed of the light we receive from these quasars?

11. How is it possible that photons of light, which have zero
mass, have momentum?

12. With regard to reference frames, how does general rela-
tivity differ from special relativity?

13. Describe how the results of Example 39.7 would change
if, instead of fast spaceships, two ordinary cars were ap-
proaching each other at highway speeds.

14. Two objects are identical except that one is hotter than
the other. Compare how they respond to identical forces.



