Mass and energy are interconvertible. The equation

Ey = myc? (26-8)

tells how much energy Ej is needed to create a mass mg, or
vice versa. Said another way. E, = myc” is the amount of
energy an object has because of its mass my. The law of
conservation of energy must include mass as a form of energy.

The kinetic energy KE of an object moving at speed v is
given by

2
mye

(26-6)

KE = = mye® = (y = 1)myc?

V1 = v¥/c?

where my, is the rest mass of the object. The total energy F,
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if there is no potential energy. is

E = KE + myc?

= ymyc, (26=T7)

The momentum p of an object is related to its total

energy E (assuming no potential energy) by

E? = P + mic". (26-10)

Velocity addition also must be done in a special way. All

these relativistic effects are significant only at high speeds,

close to the speed of light, which itself is the ultimate speed in
the universe.

1. You are in a windowless car in an exceptionally smooth
train moving at constant velocity. Is there any physical
experiment you can do in the train car to delermine
whether you are moving? Explain.

You might have had the experience of being at a red light
when, out of the corner of vour eve, you see the car
beside vou creep forward. Instinctively you stomp on the
brake pedal, thinking that vou are rolling backward. What
does this say about absolute and relative motion?
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3. A worker stands on top of a moving railroad car. and
throws a heavy ball straight up (from his point of view).
[gnoring air resistance, will the ball land on the car or
behind it?

4. Does the Earth really go around the Sun? Or is it also
valid to say that the Sun goes around the Earth? Discuss
in view of the first principle of relativity (that there is no
best reference frame). Explain.

5. If vou were on a spaceship traveling at 0.5¢ away from a
star, at what speed would the starlight pass vou?

6. The time dilation effect is sometimes expressed as
“moving clocks run slowly.” Actually. this effect has
nothing to do with motion affecting the functioning of
clocks. What then does it deal with?

7. Does time dilation mean that time actually passes more
slowly in moving reference frames or that it only seems to

pass more slowly?

8. A voung-looking woman astronaut has just arrived home
from a long trip. She rushes up to an old gray-haired man
and in the ensuing conversation refers to him as her son,
How might this be possible?

9. If you were traveling away from Earth at speed 0.5¢,
would vou notice a change in your heartbeat? Would vour
mass, height. or waistline change? What would observers
on Earth using telescopes say about vou?

10. Do time dilation and length contraction occur at ordinary

speeds, say 90 km/h?

11. Suppose the speed of light were infinite. What would
happen to the relativistic predictions of length contrac-
tion and time dilation?
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Discuss how our evervday lives would be different if the
speed of light were only 25 m//s.
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13. Explain how the length contraction and time dilation
formulas might be used to indicate that ¢ is the limiting
speed in the universe,

14. The drawing at the start of this Chapter shows the street
as seen by Mr Tompkins, for whom the speed of light is
¢ = 20mi/h. What does Mr Tompkins look like to the
people standing on the street (Fig. 26-11)7 Explain.

FIGURE 26-11 Question 14. Mr Tompkins as seen by
people on the sidewalk. See also Chapter-opening
photograph.

15. An electron is limited to travel at speeds less than ¢. Does
this put an upper limit on the momentum of an electron?
If so, what is this upper limit? If not, explain.

16. Can a particle of nonzero rest mass attain the speed of
light?

17. Does the equation E = me? conflict with the conserva-
tion of energy principle? Explain.

18. If mass is a form of energy. does this mean that a spring
has more mass when compressed than when relaxed?

19. It is not correct to say that “matter can neither be created
nor destroyved.” What must we say instead?

20. Is our intuitive notion that velocities simply add, as we
did in Section 3-8, completely wrong?



