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Figure 1.2 The Michelson-Morley experiment.
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in light

by adopting the convention that v is + for source and observer approaching each other
and — for source and observer receding from each other.






Example 1.1

A spacecraft is moving relative to the earth. An observer on the earth finds that, between 1 p.wm.
and 2 p.M. according to her clock, 3601 s elapse on the spacecrafts clock. What is the space-
crafts speed relative to the earth?

Solution

Here to = 3600 s is the proper time interval on the earth and t = 3601 s is the time interval in
the moving frame as measured from the earth. We proceed as follows:

to
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2 .

v tn \2
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C t

fo \2 . 3600 s \2
v=c |[1—[—] =(Q2.998 X 10°m/s) |1 —
t 3601 s

= 7.1 X 10° m/s

Today’s spacecraft are much slower than this. For instance, the highest speed of the Apollo 11 space-
craft that went to the moon was only 10,840 m/s, and its clocks differed from those on the earth
by less than one part in 10°. Most of the experiments that have confirmed time dilation made use
of unstable nuclei and elementary particles which readily attain speeds not far from that of light.
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the muon lifetime of to = 2.2 us +

Muon’s
- frame
650 m

T=2.2Us

to 22X 107 %s

V1-v¥2 V1 -(0.9980)% @
Earth’s
ES frame
= 348X 10 %s = 34.8 us .

vt = (2.994 X 108 m/s)(34.8 X 107 °s) '™
=1.04 X 10*m =104 km

Muon are actually created at (b)
altitudes of 6 km or more. Figure 1.11 (a) Muons travel-

ing with a speed of 0.99¢ travel

only about 650 m as measured

h = h(} \/1 — UZ/Cz in the muons’ reference frame,

where their lifetime is about

2.2 us. (b) The muons travel

h = (104 km) \/1 - (0.9986)2/62 = (0.66 km abo‘:t 4’(70)0111 as measured by

an observer on Earth. Because

of time dilation, the muons’

lifetime is longer as measured
by the Earth observer.
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Example 1.6

A stationary body explodes into two fragments each of mass 1.0 kg that move apart at speeds
of 0.6¢ relative to the original body. Find the mass of the original body:

Solution

The rest energy of the original body must equal the sum of the total energies of the fragments. Hence

2 2
mic m-C

Eo = mc* = ym c* + ymyc® = = +
V1 —vi/c? V1 —wvs/c?

and

Eo (2)(1.0 kg)

m = >

V1 = (0.60)

= 2.5 kg




Example 1.7

Solar energy reaches the earth at the rate of about 1.4 kW per square meter of surface perpen-
dicular to the direction of the sun (Fig. 1.15). By how much does the mass of the sun decrease
per second owing to this energy loss? The mean radius of the earth’s orbit is 1.5 X 10'' m.

Solar

Figure 1.15

Solution

The surface area of a sphere of radius ris A = 47777, The total power radiated by the sun, which
is equal to the power received by a sphere whose radius is that of the earth’s orbit, is therefore
P P
P=odE = (47r®) = (1.4 X 10° Wm?H)(@m)(1.5 X 10" m)*> = 4.0 X 10*°* W
Thus the sun loses Eg = 4.0 X 10%° J of rest energy per second, which means that the sun’s rest
mass decreases by
Eo 40X 10%°]

— — = — g
m="3 = B iPmEE ikl kg

per second. Since the sun’s mass is 2.0 X 10°° kg, it is in no immediate danger of running out
of matter. The chief energy-producing process in the sun and most other stars is the conversion
of hydrogen to helium in its interior. The formation of each helium nucleus is accompanied by
the release of 4.0 X 107" J of energy, so 10°” helium nuclei are produced in the sun per second.



