74.

Each string on a violin is tuned to a frequency 14 times
that of its neighbor. The four equal-length strings are to be
placed under the same tension: what must be the mass per
unit length of each string relative to that of the lowest string?

75. The A string of a violin is 32 cm long between fixed points

76.

7.

T8.

with a fundamental frequency of 440 Hz and a mass per
unit length of 6.1 % 10*kg/m. (a) What are the wave
speed and tension in the string? (b) What is the length of
the tube of a simple wind instrument (say, an organ pipe)
closed at one end whose fundamental is also 440 Hz if the
speed of sound is 343m/s in air? (¢) What is the
frequency of the first overtone of each instrument?

A tuning fork is set into vibration above a vertical open
tube filled with water (Fig. 12-35). The water level is
allowed to drop slowly. As it does so, the air in the tube
above the water level is heard to resonate with the tuning
fork when the distance from the tube opening to the
water level is 0.125m and again at 0.395m. What is the
frequency of the tuning fork?
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FIGURE 12-35 F
Problem 76.

A T3-cm-long guitar string of mass 2.10 g is near a tube that
is open at one end and also 75 em long. How much tension
should be in the string if it is to produce resonance (in its
fundamental mode) with the third harmonic in the tube?
(1) A highwav overpass was observed (o resonale as one
full loop (} A) when a small earthquake shook the ground
vertically at 4.0Hz. The highway department put a
support at the center of the overpass, anchoring it to the
ground as shown in Fig. 12-36. What resonant frequency
would vou now expect for the overpass? Earthquakes
rarely do significant shaking above 5 or 6 Hz. Did the
modifications do any good?
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FIGURE 12-36 Problem 78.

CHAPTER 12 Sound
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A person hears a pure tone in the 500-1000-Hz range
coming from two sources. The sound is loudest at points
equidistant from the two sources. To determine exactly
what the frequency is, the person moves about and finds
that the sound level is minimal at a point 0.34 m farther
from one source than the other. What is the frequency of
the sound?

Two trains emit 424-Hz whistles. One train is stationaryv.
The conductor on the stationary train hears a 3.0-Hz
beat frequency when the other train approaches. What is
the speed of the moving train?

The frequency of a steam train whistle as it approaches
vou is 538 Hz. After it passes you. its frequency is
measured as 486 Hz. How fast was the train moving
(assume constant velocity)?

At a race track. you can estimate the speed of cars just by
listening to the difference in pitch of the engine noise
between approaching and receding cars. Suppose the
sound of a certain car drops by a full octave (frequency
halved) as it goes by on the straightaway. How fast is it
going?

Two open organ pipes. sounding together, produce a beat
frequency of 11 Hz, The shorter one is 2.40m long. How
long is the other?

Two loudspeakers are at opposite ends of a railroad car as
it moves past a stationary observer at 10.0m/s, as shown in
Fig. 12-37. If the speakers have identical sound frequencies
of 212 Hz, what is the beat frequency heard by the observer
when (a) he listens from the position A, in front of the car,
(b) he is between the speakers, at B, and (c) he hears the
speakers after they have passed him, at C?

v = 100 m/s

FIGURE 12-37 Problem 84,

If the velocity of blood flow in the aorta is normally about
0.32m/s, what beat frequency would vou expect if
5.50-MHz ultrasound waves were directed along the flow
and reflected from the red blood cells? Assume that the
waves travel with a speed of 1.54 % 107 m/s.

A bat flies toward a moth at speed 6.5 m/s while the moth
is flving toward the bat at speed 5.0 m/s. The bat emits a
sound wave of 51.35 kHz. What is the frequency of the wave
detected by the bat after that wave reflects off the moth?

A bat emits a series of high frequency sound pulses as it
approaches a moth. The pulses are approximately 70.0ms
apart, and each is about 3.0ms long. How far away can
the moth be detected by the bat so that the echo from
one chirp returns before the next chirp is emitted?



