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Chapter 17 Sound Waves

The sound level at a distance of 3.00 m from a source is

120 dB. At what distance is the sound level (a) 100 dB
and (b) 10.0 dB?

30. The smallest change in sound level that a person can dis-
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tinguish is approximately 1 dB. When vou are standing
next o vour Il()\‘\ft?[' lawn mower as it is rlmning, Celll vou
hear the steady roar of vour neighbor’s lawn mower? Per-
form an order-of-magnitude calculation to substantiate
}'(llll' AnswWer, N'.Elf.ing the data I\'()II measure or estimate,

As the people sing in church, the sound level everywhere
inside is 101 dB. No sound is transmitted through the
massive walls, but all the windows and doors are open on
a summer morning. Their total area is 22.0 m*. (a) How
much sound energy is radiated in 20.0 min? (b) Suppose
the ground is a good reflector and sound radiates uni-
formly in all horizontal and upward directions. Find the
sound level 1.00 km away.

Section 17.4 The Doppler Effect
32. Expectant parents are thrilled to hear their unborn baby's
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heartbeat, revealed by an ultrasonic motion detector. Sup-
pose the fetus’s ventricular wall moves in simple harmonic
motion with an amplitude of 1.80 mm and a frequency of
115 per minute. (a) Find the maximum linear speed of the
heart wall. Suppose the motion detector in contact with the
mother’s abdomen produces sound at 2000 000.0 He,
which travels through tssue at 1.50 km/s. (b) Find the
maximum frequency at which sound arrives at the wall of
the baby’s heart. (¢} Find the maximum frequency at
which reflected sound is received by the motion detector.
By electronically “listening” for echoes at a frequency dif-
ferent from the broadcast frequency, the motion detector
can produce beeps of audible sound in synchronization
with the fetal heartbeat.

A driver travels northbound on a highway at a speed of
25.0 m/s. A police car, traveling southbound at a speed of
40.0 m/s, approaches with its siren producing sound at a
frequency of 2 500 Hz. (a) What frequency does the
driver observe as the police car approaches? (b) What fre-
quency does the driver detect after the police car passes
him? (c) Repeat parts (a) and (b) for the case when the
police car is traveling northbound.

A block with a speaker bolted to it is connected to a
spring having spring constant £ = 20.0 N/m as shown in
Figure P17.34. The total mass of the block and speaker is
5.00 kg, and the amplitude of this unit’s motion is
0.500 m. (a) The speaker emits sound waves of frequency
440 Hz. Determine the highest and lowest frequencies
heard by the person to the right of the speaker. (b) If the
maximum sound level heard by the person is 60.0 JdB
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Figure P17.34
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when he is closest to the speaker, 1.00 m away, what is the
minimum sound level heard by the observer? Assume the
speed of sound is 343 m/s.

A Standing at a crosswalk, you hear a frequency of 560 Hz
from the siren of an approaching ambulance. After the
ambulance passes, the observed frequency of the siren is
480 Hz. Determine the ambulance’s speed from these
observations.

At the Winter Olympics, an athlete rides her luge down
the track while a bell just above the wall of the chute rings
continuously. When her sled passes the bell, she hears the
frequency of the bell fall by the musical interval called a
minor third. That is, the frequency she hears drops to
five-sixths its original value. (a) Find the speed of sound
in air at the ambient temperature —10.0°C. (b) Find the
speed of the athlete.

A tuning fork vibrating at 512 Hz falls from rest and accel-
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erates at 9.80 m/s%. How far below the point of release is
the tuning fork when waves of frequency 485 Hz reach
the release point? Take the speed of sound in air to be
340 m/s.

A siren mounted on the roof of a firehouse emits sound
at a frequency of 900 Hz. A steady wind is blowing with a
speed of 15.0 m/s. Taking the speed of sound in calm air
to be 343 m/s, find the wavelength of the sound
(a) upwind of the siren and (b) downwind of the siren.
Firefighters are approaching the siren from various direc-
tions at 15.0 m/s. What frequency does a firefighter hear

(c) if she is approaching from an upwind position so that
she is moving in the direction in which the wind is blow-
ing and (d) if she is approaching from a downwind posi-
tion and moving against the wind?

A A supersonic jet traveling at Mach 3.00 at an altimude of
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20 000 m is directly over a person at time ¢ = ( as shown
in Figure P17.39. (a) At what time will the person
encounter the shock wave? (b) Where will the plane be
when the “boom™ is finally heard? Assume the speed of
sound in air is 335 m/s.
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Figure P17.39

The loop of a circus ringmaster’s whip travels at Mach
1.38 (that is, /v = 1.38). What angle does the shock
front make with the direction of the whip’s motion?

When high-energy charged particles move through a
transparent medium with a speed greater than the speed
of light in that medium, a shock wave, or bow wave, of
light is produced. This phenomenon is called the
Cerenkov effect. When a nuclear reactor is shielded by a
large pool of water, Cerenkov radiation can be seen as a
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blue glow in the vicinity of the reactor core due to high-
speed electrons moving through the water. In a particular
case, the Cerenkov radiation produces a wave front with
an apex half-angle of 53.0°. Calculate the speed of
the electrons in the water. The speed of light in water is
295 x 108 m/s.

Section 17.5 Digital Sound Recording

Section 17.6 Motion Picture Sound
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@ This problem represents a possible (but not recom-
mended) way to code instantaneous pressures in a sound
wave into 16-bit digital words. Example 17.2 mentions
that the pressure amplitnde of a 120-dB sound is
28.7 N/m? Let this pressure variation be represented by
the digital code 65 536. Let the digital word 0 on the
recording represent zero pressure variation. Let other
intermediate pressures be represented by digital words of
intermediate size, in direct proportion to the pressure.
(a) What digital word would represent the maximum
pressure in a 40-dB sound? (b} Explain why this scheme
works poorly for soft sounds. (¢} Explain how this coding
scheme would clip off half of the waveform of any sound,
ignoring the actual shape of the wave and turning it into
a string of zeros. By introducing sharp corners into every
recorded waveform, this coding scheme would make
everything sound like a buzzer or a kazoo.

Additional Problems
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® A 150g glider moving at 2.30 m/s on an air wack
undergoes a completely inelastic collision with an origi-
nally stationary 200-g glider, and the two gliders latch
together over a time interval of 7.00 ms. A student sug-
gests that roughly hall the missing mechanical energy
goes into sound. Is this suggestion reasonable? To evalu-
ate the idea, find the implied level of the sound 0.800 m
from the gliders. If the student’s idea is unreasonable,
suggest a better idea.

® Explain how the wave function

25.0 Pa -
e AL m’) sin (1.36r rad/m — 2030¢ rad/s)

AP(r 1) = (
can apply to a wave radiating from a small source, with r
being the radial distance from the center of the source to
any point owside the source. Give the most detailed
description of the wave that you can. Include answers to
such questions as the following. Does the wave move
more toward the right or the left? As it moves away from
the source, what happens to its amplitude? Its speed? ITts
frequency? Its wavelength? Its power? Its intensity? What
are representative values for each of these quantities?
What can you say about the source of the waver About the
medium through which it travels?
® A large set of unoccupied football bleachers has solid
seats and risers. You stand on the field in front of the
bleachers and sharply clap two wooden boards together
once. The sound pulse vou produce has no delinite fre-
quency and no wavelength. The sound you hear reflected
from the bleachers has an identifiable frequency and may
remind you of a short toot on a trumpet or of a buzzer or
kazoo. Account for this sound. (a) Compute order-of-
magnitude estimates for the frequency, wavelength, and
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Problems 497

duration of the sound, on the basis of data you specify.
(b) Each face of a great Mavan pyramid is like a steep
stairway with very narrow steps. Can it produce an echo of
a handclap that sounds like the call of a bird? Explain
VOUT ANSWET,

® Spherical waves of wavelength 45.0 cm propagate out-
ward from a point source. (a} Explain how the intensity at
a distance of 240 cm compares with the intensity at a dis-
tance of 60.0 cm. (b) Explain how the amplitude at a
distance of 240 cm compares with the amplitude at a dis-
tance of 60.0 cm. (c) Explain how the phase of the wave
at a distance of 240 cm compares with the phase at
60.0 cm at the same moment.

A sound wave in a cylinder is described by Equations 17.2
through 17.4. Show that AP = preVs: —— 2

Many artists sing very high notes in ad-lib ornaments and
cadenzas, The highest note written for a singer in a pub-
lished score was F-sharp above high C, 1.480 klz, for Zer-
binetta in the original version of Richard Strauss’s opera
Aviadne auf Naxos. (a) Find the wavelength of this sound
in air. (b) Suppose people in the fourth row of seats hear
this note with level 81.0 dB. Find the displacement ampli-
tude of the sound. (c) What If? In response to com-
plaints, Strauss later transposed the note down to F above
high C, 1.397 kIHz. By what increment did the wavelength
change? (The Queen of the Night in Mozart’s Magic Flute
also sings F above high C.)

On a Saturday morning, pickup trucks and sport utility
vehicles carrying garbage to the town dump form a nearly
steady procession on a country road, all traveling at
19.7 m/s. From one direction, two trucks arrive at the
dump every 3 min. A bicyclist is also traveling toward the
dump, at 4.47 m/s. (a) With what frequency do the trucks
pass the cyelist? (b) What If? A hill does not slow down
the trucks, but makes the out-ofsshape cvelist’s speed drop
to 1.56 m/s. How often do noisy, smelly, inefficient,
garbage-dripping, road-hogging trucks whiz past the
cyclist now?

Review problem. For a certain type of steel, stress is always
proportional to strain with Young’s modulus as shown in
Table 12.1. The steel has the density listed for iron in
Table 14.1. Tt will fail by bending permanently if subjected
to compressive stress greater than its yield swength o, =
400 MPa. A rod 80.0 cm long, made of this steel, is fired
at 12.0 m/s straight at a very hard wall or at another iden-
tical rod moving in the opposite direction. (a) The speed
of a one-dimensional compressional wave moving along
the rod is given by v = \VY/p, where Yis Young's modulus
for the rod and p is the density. Caleulate this speed.
(b) After the front end of the rod hits the wall and stops,
the back end of the rod keeps moving as described by
Newton's first law until it is stopped by excess pressure in
a sound wave moving back through the rod. What time
interval elapses before the back end of the rod receives
the message that it should stop? (¢) How far has the back
end of the rod moved in this time interval? Find (d) the
strain and {e) the stress in the rod. (f) If it is not o fail,
show that the maximum impact speed a rod can have is
given by the expression v = 0_1.,2'\3’;)_?',

To permit measurement of her speed, a skydiver carries a
buzzer emitting a steady tone at 1 800 Hz. A friend on the
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