
tions in 20°C air. At a distance or J .vv 11111 u111 Luv u uu.J..t-''-'L 

sound intensity level is 52.0 dB. The frequency is 587Hz. 
\Yhat is the pressure amplitude at this distance? b) What is the 

lacement amplitude? c) At what distance is the sound inten-
level 30.0 dB? 

21-24 A sound wave entering a window of area A has a sound 
intensity level of f3. a) How much acoustic power enters the win-
dow? b) Find the value of the acoustic power for the case of a 
1.20-m2 window and 55.0-dB sound. 
21-25 A small sphere of radius R is arranged to pulsate so that 
its radius varies in simple harmonic motion between a minimum 
of R- flR and a maximum of R + flR with frequency f This pro-
duces sound waves in the surrounding air of density p and bulk 
modulus B. a) Find the intensity of sound waves at the surface 
of the sphere. (The amplitude of oscillation of the sphere is the 
same as that of the air at the surface of the sphere.) b) Find 
the total acoustic power radiated by the sphere. c) At a distance 

>> R from the center of the sphere, find the amplitude, pres-
sure amplitude, and intensity of the sound wave. ' 

1-2 2.00-MHz sound wave travels through a pregnant 
......... 's abdomen and is reflected from the fetal heart wall of 

her unborn baby. The heart wall is moving toward the sound 
as the heart beats. The reflected sound is then mixed 

the transmitted sound, and 85 beats per second are detected. 
The speed of sound in body tissue is 1500 m/s. Calculate the 
Speed of the fetal heart wall at the instant this measurement is 

21-27 The sound source of a ship's system operates at a 
of 22.0 kHz. The speed of sound in water (assumed to 

at a uniform 20°C) is 1482 m/s. a) What is the wavelength of 
the Waves emitted by the source? b) What is the difference in 

ncy between the directly radiated waves and the waves 
from a whale traveling directly toward the ship at 

5 mls? The ship is at rest in the water. 
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f o 2 00 MHz

N 1500 m s NH speedofheatwall
I Heart is the listener It absorbs

sound heart
NHFL 4 f T fo

N t Ns
T
O source is at rest

Use t sign becauseheart is approaching
so frequency is higher

2nd Heart re radiates it is now the
source The speed of the source

is Vsa NH The frequency of
the source is what we found just
above fsz f y The Listener is
the detector which is at rest
Use the sign because the heat
wall is approaching which boosts
the frequency

2 NIKI fs Ivy 4



Plugging in the algebraic result above
for fu i

2 wtf fo

2 tI to

Finally we aregiven the differencebetween
f 42 and fo is Sf 85 Hz

Sf 5La fo Tuffy 1 to
put over a
commondenominator sf ftrmtrf.TN fo

Solve for WH The algebra is

messy but we can approximate
since N Ny Recall N l5oomh



Plugging in

Ny a 12 85H 1500 m s

2.00 106HZ

WH O 032 m s

The problem doesn't ask for it but
working backwards

f o 2 000,000 HE
f h Ntfa fo 2000 042 H Z

L2 fµf
2000 O 85 H z

Measuring absolute frequencies to 2 digits
is quite hard Measuring beats

is f 85 Hz is relatively easy


