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FIGURE 12-17 Sound waves of a
single frequency from loudspeakers
A and B (see Fig. 12-16) construc-
tively interfere at C and destruc-
tively interfere at D. [Shown here
are graphical representations,

not the actual longitudinal

sound waves.|
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An analysis of this situation is perhaps clearer if we graphically represent
the waveforms as in Fig. 12-17. In Fig. 12-17a it can be seen that at point C,
constructive interference occurs since both waves simultaneously have crests or
simultaneously have troughs when they arrive at C. In Fig. 12-17b we see that, to
reach point D, the wave from speaker B must travel a greater distance than the wave
from A. Thus the wave from B lags behind that from A. In this diagram, point E is
chosen so that the distance ED is equal to AD. Thus we see that if the distance BE is
equal to precisely one-half the wavelength of the sound, the two waves will be
exactly out of phase when they reach D, and destructive interference oceurs.
This then is the criterion for determining at what points destructive interference
occurs: destructive interference occurs at any point whose distance from one
speaker is greater than its distance from the other speaker by one-half wave-
length. Notice that if this extra distance (BE in Fig. 12-17b) is equal to a whole
wavelength (or 2, 3,--- wavelengths), then the two waves will be in phase and
constructive interference occurs. If the distance BE equals % l%, 2%
wavelengths, destructive interference oceurs.

It is important to realize that a person sitting at point D in Fig. 12-16 or
12-17 hears nothing at all (or nearly so), vet sound is coming from both
speakers. Indeed, it one of the speakers is turned off, the sound from the other
speaker will be clearly heard.

If a loudspeaker emits a whole range of frequencies, only specific wave-
lengths will destructively interfere completely at a given point.

Loudspeakers’ interference. Two loudspeakers are
1.00Om apart. A person stands 4.00m from one speaker. How far must this
person be from the second speaker to delect destructive interference when the
speakers emit an 1150-Hz sound? Assume the temperature is 20°C.,

APPROACH To sense destructive interference, the person must be one-half
wavelength closer to or farther from one speaker than from the other—that is,
at a distance = 4.00m + A/2. We can determine A since we know f and v,
SOLUTION The speed of sound at 20°C is 343 m/s, so the wavelength of this
sound is (Eg. 11-12)

v _ 343 m/s
f  1150Hz

For destructive interference to occur, the person must be one-half wavelength
farther from one loudspeaker than from the other, or 0.15 m. Thus the person
must be 3.85 m or 4,15 m from the second speaker.,

NOTE If the speakers are less than 0.15 m apart, there will be no point that is
0.15m farther from one speaker than the other, and there will be no point
where destructive interference could oceur.

= 0.30m.

Beats—Interference in Time

We have been discussing interference of sound waves that takes place in space.
An interesting and important example of interference that occurs in time is the
phenomenon known as beats: If two sources of sound—say, two tuning forks—
are close in frequency but not exactly the same, sound waves from the two
sources interfere with each other. The sound level at a given position alternately
rises and falls in time, because the two waves are sometimes in phase and some-
times out of phase due to their different wavelengths. The regularly spaced
intensity changes are called beats.

To see how beats arise, consider two equal-amplitude sound waves of frequency
fa = 50Hz and fy = 60 Hz, respectively. In 1.00s, the first source makes 50
vibrations whereas the second makes 60. We now examine the waves at one point in
space equidistant from the two sources. The waveforms for each wave as a function
of time, at a fixed position, are shown on the top graph of Fig, 12-18; the magenta
line represents the 50-Hz wave, and the blue line represents the 60-Hz wave.




