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FIGURE 11-39 Standing waves

corresponding to three resonant
frequencies.

Resonant frequencies

FIGURE 11-40
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(a) A string is plucked.
(b) Only standing waves corresponding to
resonant frequencies persist for long.

m Standing Waves; Resonance

If you shake one end of a cord and the other end is kept fixed, a continuous
wave will travel down to the fixed end and be reflected back, inverted, as we
saw in Fig. 11-32a. As you continue to vibrate the cord, waves will travel in both
directions, and the wave traveling along the cord, away from your hand, will
interfere with the reflected wave coming back. Usually there will be quite a
jumble. But if you vibrate the cord at just the right frequency, the two traveling
waves will interfere in such a way that a large-amplitude standing wave will be
produced, Fig. 11-39. It is called a “standing wave™ because it doesn’t appear to
be traveling. The cord simply appears to have segments that oscillate up and
down in a fixed pattern. The points of destructive interference, where the cord
remains still at all times, are called nodes. Points of constructive interference,
where the cord oscillates with maximum amplitude, are called antinodes. The
nodes and antinodes remain in fixed positions for a particular frequency.

Standing waves can occur at more than one frequency. The lowest
frequency of vibration that produces a standing wave gives rise to the pattern
shown in Fig. 11-39a. The standing waves shown in Figs, 11-39b and 11-39¢ are
produced at precisely twice and three times the lowest frequency, respectively,
assuming the tension in the cord is the same. The cord can also vibrate with four
loops (four antinodes) at four times the lowest frequency, and so on.

The frequencies at which standing waves are produced are the natural
frequencies or resonant frequencies of the cord, and the different standing
wave patterns shown in Fig. 11-39 are different “resonant modes ol vibration.”
A standing wave on a cord is the result of the interference of two waves traveling
in opposite directions. A standing wave is also a vibrating object at resonance.
Standing waves represent the same phenomenon as the resonance of a vibrating
spring or pendulum, which we discussed in Section 11-6. The only difference is
that a spring or pendulum has only one resonant frequency, whereas the cord
has an infinite number of resonant frequencies, each of which is a whole-
number multiple of the lowest resonant frequency.

Consider a string stretched between two supports that is plucked like a
guitar or violin string, Fig. 11-40a. Waves of a great variety of frequencies will
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First overtone or second harmonic, 5 = 2f;
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Second overtone or third harmonic, {3 = 3/,
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