1300 CHAPTER 37 Relativity

PROBLEMS

Discussion Questions

Q37.1. You are standing on a train platform watching a high-speed
train pass by. A light inside one of the train cars is turned on and
then a little later it is turned off. (a) Who can measure the proper
time interval for the duration of the light: you or a passenger on the
train? (b) Who can measure the proper length of the train car, you
or a passenger on the train? (c) Who can measure the proper length
of a sign attached to a post on the train platform, you or a passen-
ger on the train? In each case explain your answer.

Q37.2. If simultaneity is not an absolute concept, does that mean
that we must discard the concept of causality? If event A is to
cause event B, A must occur first. Is it possible that in some
frames, A appears to be the cause of B, and in others, B appears to
be the cause of A? Explain.

Q37.3. A rocket is moving to the right at § the speed of light rela-
tive to the earth. A light bulb in the center of a room inside the
rocket suddenly turns on. Call the light hitting the front end of the
room event A and the light hitting the back of the room event B
(Fig. 37.27). Which event occurs first, A or B or are they simulta-
neous, as viewed by (a) an astronaut riding in the rocket and (b) a
person at rest on the earth?

Figure 37.27 Question Q37.3.

;

Q37.4. What do you think would be different in everyday life if the
speed of light were 10 m/s instead of 3.00 X 10° m/s?

Q37.5. The average life span in the United States is about 70 years.
Does this mean that it is impossible for an average person to
travel a distance greater than 70 light-years away from the earth?
(A light-year is the distance light travels in a year.) Explain.

Q37.6. You are holding an elliptical serving platter. How would
you need to travel for the serving platter to appear round to another
observer?

Q37.7. Two events occur at the same space point in a particular
inertial frame of reference and are simultaneous in that frame. Is it
possible that they may not be simultaneous in a different inertial
frame? Explain.

Q37.8. A high-speed train passes a train platform. Larry is a pas-
senger on the train, Adam is standing on the train platform, and
David is riding a bicycle toward the platform in the same direction
as the train is traveling. Compare the length of a train car as meas-
ured by Larry, Adam, and David.

Q37.9. The theory of relativity sets an upper limit on the speed that
a particle can have. Are there also limits on the energy and
momentum of a particle? Explain.

Q37.10. A student asserts that a material particle must always have
a speed slower than that of light, and a massless particle must
always move at exactly the speed of light. Is she correct? If so,
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how do massless particles such as photons and neutrinos acquire
this speed? Can’t they start from rest and accelerate? Explain.
Q37.11. The speed of light relative to still water is 2.25 X 10° m/s.
If the water is moving past us, the speed of light we measure
depends on the speed of the water. Do these facts violate Einstein’s
second postulate? Explain.

Q37.12. When a monochromatic light source moves toward an
observer, its wavelength appears to be shorter than the value meas-
ured when the source is at rest. Does this contradict the hypothesis
that the speed of light is the same for all observers? Explain.
Q37.13. In principle, does a hot gas have more mass than the same
gas when it is cold? Explain. In practice, would this be a measura-
ble effect? Explain.

Q37.14. Why do you think the development of Newtonian mechan-
ics preceded the more refined relativistic mechanics by so many
years?

Exercises

Section 37.2 Relativity of Simultaneity

37.1. Suppose the two lightning bolts shown in Fig. 37.5a are
simultaneous to an observer on the train. Show that they are not
simultaneous to an observer on the ground. Which lightning strike
does the ground observer measure to come first?

Section 37.3 Relativity of Time Intervals

37.2. The positive muon (™), an unstable particle, lives on aver-
age 2.20 X 107% s (measured in its own frame of reference) before
decaying. (a) If such a particle is moving, with respect to the labo-
ratory, with a speed of 0.900c¢, what average lifetime is measured
in the laboratory? (b) What average distance, measured in the labo-
ratory, does the particle move before decaying?

37.3. How fast must a rocket travel relative to the earth so that
time in the rocket “slows down” to half its rate as measured by
earth-based observers? Do present-day jet planes approach such
speeds?

37.4. A spaceship flies past Mars with a speed of 0.985¢ relative to
the surface of the planet. When the spaceship is directly overhead,
a signal light on the Martian surface blinks on and then off. An
observer on Mars measures that the signal light was on for 75.0 ws.
(a) Does the observer on Mars or the pilot on the spaceship meas-
ure the proper time? (b) What is the duration of the light pulse
measured by the pilot of the spaceship?

37.5. The negative pion (7 ) is an unstable particle with an aver-
age lifetime of 2.60 X 107% s (measured in the rest frame of the
pion). (a) If the pion is made to travel at very high speed relative to
a laboratory, its average lifetime is measured in the laboratory to
be 4.20 X 1077 s. Calculate the speed of the pion expressed as a
fraction of ¢. (b) What distance, measured in the laboratory, does
the pion travel during its average lifetime?

37.6. As you pilot your space utility vehicle at a constant speed
toward the moon, a race pilot flies past you in her spaceracer at a
constant speed of 0.800c¢ relative to you. At the instant the space-
racer passes you, both of you start timers at zero. (a) At the instant
when you measure that the spaceracer has traveled 1.20 X 10® m
past you, what does the race pilot read on her timer? (b) When the
race pilot reads the value calculated in part (a) on her timer, what
does she measure to be your distance from her? (c) At the instant
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