FIGURE 12-13 Example 12-11.

FIGURE 12-14 The amplitudes of
the fundamental and first two over-
tones are added at each point to get
the “sum,” or composite waveform.

/N /N\__ &

/\Sum of all three

334 CHAPTER 12 Sound

<
C

Pipe organs use both open and closed pipes, with lengths from a few centime-
ters to Sm or more. A flute acts as an open tube, for it is open not only where you
blow into it, but also at the opposite end. The different notes on a flute are oblained
by shortening the length of the vibrating air column, by uncovering holes along the
tube (so a displacement antinode can occur at the hole). The shorter the length of
the vibrating air column, the higher the fundamental frequency.

Flute. A flute is designed to play middle C (262 Hz) as
the fundamental frequency when all the holes are covered. Approximately
how long should the distance be from the mouthpiece to the far end of the
flute? (This is only approximate since the antinode does not occur precisely at
the mouthpiece.) Assume the temperature is 20°C,

APPROACH When all holes are covered, the length of the vibrating air
column is the full length. The speed of sound in air at 20°C is 343 m/s. Because
a flute is open at both ends, we use Fig. 12-11: the fundamental frequency f, is
related to the length L of the vibrating air column by f = v/2L.

SOLUTION Solving for L, we find

EXERCISE D 'To see why plavers of wind instruments “warm up” their instruments (so
they will be in tune). determine the fundamental frequency of the flute of Example 12-10
when all holes are covered and the temperature is 10°C instead of 20°C.

SO RN EN ESTIMATE | Wind noise frequencies. Wind can be

noisy—it can “howl” in trees: it can “moan” in chimneys. What is causing the
noise, and about what range of frequencies would you expect to hear?

APPROACH Gusts of air in the wind cause vibrations or oscillations of the
tree limb (or air column in the chimney), which produce sound waves of the
same frequency. The end of a tree limb fixed to the tree trunk is a node,
whereas the other end is free to move and therefore is an antinode; the tree
limb is thus about 1 A (Fig. 12-13).

SOLUTION We estimate » = 4000m/s for the speed of sound in
wood (Table 12-1). Suppose that a tree limb has length L = 2m; then
A=4L =8m and f = v/A = (4000 m/s)/(8 m) = 500 Hz.

NOTE Wind can excite air oscillations in a chimney, much like in an organ
pipe or flute. A chimney is a fairly long tube, perhaps 3 m in length, acting like
a tube open at either one end or even both ends. If open at both ends
(A =2L), with » =~ 340m/s, we find f; = /2L =~ 56 Hz, which is a fairly
low note—no wonder chimneys “moan™!

m Quality of Sound, and Noise; Superposition

Whenever we hear a sound, particularly a musical sound, we are aware of ils
loudness, its pitch, and also of a third aspect called “quality.” For example, when
a piano and then a flute play a note of the same loudness and pitch (say, middle C),
there is a clear difference in the overall sound. We would never mistake a piano
for a flute. This is what is meant by the quality of a sound. For musical instru-
ments, the terms timbre and fone color are also used.

Just as loudness and pitch can be related to physically measurable quanti-
ties, so too can quality. The quality of a sound depends on the presence of
overtones—their number and their relative amplitudes. Generally, when a note
is played on a musical instrument, the fundamental as well as overtones are
present simultaneously. Figure 12-14 illustrates how the principle of superposi-
tion (Section 11-12) applies to three wave forms, in this case the fundamental
and first two overtones {with particular amplitudes): they add together at each
point to give a composite waveform. Of course, more than two overtones are




