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Redshift in cosmology
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Another important application is to astronomy, where the velocities of
distant galaxies can be determined from the Doppler shift. Light from distant
galaxies is shifted toward lower frequencies, indicating that the galaxies are
moving away from us. This is called the redshift since red has the lowest
frequency of visible light. The greater the frequency shift, the greater the
velocity of recession. It is found that the farther the galaxies are from us,
the faster they move away. This observation is the basis for the idea that the
universe is expanding, and is one basis for the idea that the universe began as
a great explosion, affectionately called the “Big Bang” (see Chapter 33).

*m Shock Waves and the Sonic Boom

An object such as an airplane traveling faster than the speed of sound is said to
have a supersonic speed. Such a speed is often given as a Mach' number, which
is defined as the ratio of the speed of the object to the speed of sound in the
surrounding medium. For example, a plane traveling 600 m/s high in the atmos-
phere, where the speed of sound is only 300 m/s, has a speed of Mach 2,
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FIGURE 12-23 Sound waves emitted by an object (a) at rest or (b, ¢, and d) moving. (b) If the
object’s velocity is less than the velocity of sound. the Doppler effect occurs: (d) if its velocity is greater
than the velocity of sound. a shock wave is produced.

Shock wave

FIGURE 12-24 Bow waves
produced by a boat.
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Sonic boom

CHAPTER 12 Sound

When a source of sound moves at subsonic speeds (less than the speed of
sound), the pitch of the sound is altered as we have seen (the Doppler effect);
see also Fig. 12-23a and b. But if a source of sound moves faster than the speed
of sound, a more dramatic effect known as a shock wave occurs. In this case the
source is actually “outrunning” the waves it produces. As shown in Fig. 12-23¢,
when the source is traveling ar the speed of sound, the wave fronts it emits in
the forward direction “pile up” directly in front of it. When the object moves
faster, at a supersonic speed, the wave fronts pile up on one another along the
sides, as shown in Fig. 12-23d. The different wave crests overlap one another
and form a single very large crest which is the shock wave. Behind this very
large crest there is usually a very large trough. A shock wave is essentially the
result of constructive interference of a large number of wave fronts. A shock
wave in air is analogous to the bow wave of a boat traveling faster than the
speed of the water waves it produces, Fig, 12-24,

When an airplane travels at supersonic speeds, the noise it makes and its
disturbance of the air form into a shock wave containing a tremendous amount
of sound energv. When the shock wave passes a listener, it is heard as a loud
sonic boom. A sonic boom lasts only a fraction of a second, but the energy it
contains is often sufficient to break windows and cause other damage. Actually,
a sonic boom is made up of two or more booms since major shock waves can
form at the front and the rear of the aircraft, as well as at the wings, etc.
(Fig. 12-25). Bow waves of a boat are also multiple, as can be seen in Fig. 12-24,

" After the Austrian physicist Ernst Mach (1838-1916).



