\ A A ANDN N A

beat period (0.10 s)

FIGURE 12-18 Beats occur as a result of the superposition of two sound waves of slightly different frequency.

The lower graph in Fig. 12-18 shows the sum of the two waves as a function of
time. At time 1 = 0 the two waves are shown to be in phase and interfere
constructively. Because the two waves vibrate at different rates, at time r = 0.05s
they are completely out of phase and interfere destructively. At ¢ = 0.10s, they
are again in phase and the resultant amplitude again is large. Thus the resultant
amplitude is large every 0.10s and drops drastically in between. This rising and
falling of the intensity is what is heard as beats.” In this case the beats are 0.10s
apart, That is, the beat frequency is ten per second, or 10 Hz. This result, that the  Bear frequency = difference
beat frequency equals the difference in frequency of the two waves is valid in 7 the o wave frequencies
general,
The phenomenon of beats can occur with any kind of wave and is a very @ PHYSICS APPLIED
sensitive method for comparing frequencies. For example, to tune a piano, a Tuning a piano
piano tuner listens for beats produced between his standard tuning fork and
that of a particular string on the piano, and knows it is in tune when the beats
disappear. The members ol an orchestra tune up by listening for beats between
their instruments and that of a standard tone (usually A above middle C at
440 Hz) produced by a piano or an oboe.

Beats. A tuning fork produces a steady 400-Hz tone.
When this tuning fork is struck and held near a vibrating guitar string, twenty
beats are counted in five seconds. What are the possible frequencies produced
by the guitar string?

APPROACH For beats to occur, the string must vibrate at a frequency
different from 400 Hz by whatever the beat frequency is.

SOLUTION The beat frequency is

Joear = 20 vibrations/5s = 4 Hz.

This is the difference of the frequencies of the two waves, Because one wave is
known to be 400 Hz, the other must be either 404 Hz or 396 Hz.

EXERCISE E What is the beat frequency for the tuning fork and guitar of Example 12-13
when 500-Hz and 506-Hz sounds are heard together?

"Beats will be heard even if the amplitudes are not equal. as long as the difference in amplitude is
not great,
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