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FIGURE 12-15 Sound spectra for different instruments. The spectra change when the
instruments play different notes. The clarinet is a bit complicated: it acts like a closed tube
at lower frequencies, having only odd harmonics, but at higher frequencies all harmonics
occur as for an open tube.

usually present. [Any complex wave can be analyzed into a superposition of
sinusoidal waves of appropriate amplitudes, wavelengths, and frequencies. Such
an analysis is called a Fourier analysis.|

The relative amplitudes of the overtones for a given note are dilferent
for different musical instruments, which is what gives each instrument its
characteristic quality or timbre. A bar graph showing the relative amplitudes
of the harmonics for a given note produced by an instrument is called a
sound spectrum. Several typical examples for different musical instruments
are shown in Fig. 12—15. The fundamental usually has the greatest amplitude,
and its frequency is what is heard as the pitch.

The manner in which an instrument is played strongly influences the sound
quality. Plucking a violin string, for example, makes a very different sound than
pulling a bow across it. The sound spectrum at the very start (or end) of a note (as
when a hammer strikes a piano string) can be very different from the subsequent
sustained tone. This too affects the subjective tone quality of an instrument.

An ordinary sound, like that made by striking two stones together, is a noise
that has a certain quality, but a clear pitch is not discernible. Such a noise is a
mixture of many frequencies which bear little relation to one another. A sound
spectrum made of that noise would not show discrete lines like those of Fig. 12—-15.
Instead it would show a continuous, or nearly continuous, spectrum of frequencies.
Such a sound we call “noise” in comparison with the more harmonious sounds  FIGURE 12-16 Sound waves from
which contain frequencies that are simple multiples of the fundamental. two loudspeakers interfere.

m Interference of Sound Waves; Beats

Interference in Space

We saw in Section 11-12 that when two waves simultancously pass through the
same region of space, they interfere with one another. Interference also occurs
with sound waves.

Consider two large loudspeakers, A and B, a distance d apart on the stage of D
an auditorium as shown in Fig. 12-16. Let us assume the two speakers are ATQ

emitting sound waves of the same single frequency and that they are in phase:
that is, when one speaker is forming a compression, so is the other. (We ignore d C
reflections from walls, floor, ete.) The curved lines in the diagram represent the J
crests of sound waves from each speaker at one instant in time. We must B—#
remember that for a sound wave, a crest is a compression in the air whereas a
trough—which falls between two crests—is a rarefaction. A person or detector

at a point such as C, which is the same distance from each speaker, will experi-

ence a loud sound because the interference will be constructive—iwo crests

reach it at one moment, two troughs reach it a moment later. On the other

hand, at a point such as D in the diagram, little if any sound will be heard
because destructive interference occurs—compressions of one wave meel
rarefactions of the other and vice versa (see Fig. 11-37 and the related discus-

sion on water waves in Section [1-12).
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