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(IT) A bat flies toward a wall al a speed of 5.0 m/s. As it
flies. the bat emits an ultrasonic sound wave with
frequency 30.0 kHz. What frequency does the bat hear in
the reflected wave?

(I1) In one of the original Doppler experiments, a tuba
was played on a moving flat train car at a frequency of
75 Hz, and a second identical tuba played the same tone
while at rest in the railway station. What beat frequency
was heard if the train car approached the station at a
speed of 10.0 m/s?

(IT)y A Doppler flow meter uses ultrasound waves to
measure blood-flow speeds. Suppose the device emits
sound at 3.5 MHz. and the speed of sound in human tissue
is taken to be 1540m/s. What is the expected beat
frequency if blood is flowing in large leg arteries at
2.0 cm/s directly away from the sound source?

(IIT) The Doppler effect using ultrasonic waves of
frequency 2.25 % 10° Hz is used to monitor the heartbeat
of a fetus. A (maximum) beat frequency of 500 Hz is
observed. Assuming that the speed of sound in tissue is
1.54 % 10° m/s, caleulate the maximum velocity of the
surface of the beating heart.

(11Ty A factory whistle emits sound of frequency 570 Hz.
When the wind velocity is 12.0 m/s from the north, what
frequency will observers hear who are located. at rest,
(a) due north. (b) due south. (¢) due east. and (d) due
west, of the whistle? What frequency is heard by a cyclist
heading (e¢) north or (f) west, toward the whistle at
15.0m/s? Assume T = 20°C.

8 Shock Waves; Sonic Boom

(1) (a) How fast is an object moving on land if its speed
at 20°C is Mach 0.337 (b) A high-flying jet cruising at
3000 km/h displays a Mach number of 3.2 on a screen.
What is the speed of sound at that altitude?
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(IT) An airplane travels at Mach 2.3 where the speed of
sound is 310 m/s. (a) What is the angle the shock wave
makes with the direction of the airplane’s motion? (b) If
the plane is flying at a height of 7100 m, how long after it
is directly overhead will a person on the ground hear the
shock wave?

(IT) A space probe enters the thin atmosphere of a planet
where the speed of sound is only about 35 m/s. (a) What
is the probe’s Mach number if its initial speed is
15,000 km/h? (b) What is the angle of the shock wave
relative to the direction of motion?

(IT) A meteorite traveling 8500 m/s strikes the ocean.
Determine the shock wave angle it produces (a) in the air
just before entering the ocean, and (b) in the water just
after entering. Assume T = 20°C.

(IT) Show that the angle 4 a sonic boom makes with the
path of a supersonic object is given by Eq. 12-5.

(IT) You look directly overhead and see a plane exactly
1.5km above the ground flying faster than the speed of
sound. By the time vou hear the sonic boom, the plane
has traveled a horizontal distance of 2.0km. See
Fig. 12-34. Determine (a) the angle of the shock cone. 6,
and (b) the speed of the plane (the Mach number).
Assume the speed of sound is 330m/s.

FIGURE 12-34

Problem 64.

A fish finder uses a sonar device that sends 20,000-Hz
sound pulses downward from the bottom of the boat, and
then detects echoes. If the maximum depth for which it is
designed to work is 200m, what is the minimum time
between pulses (in fresh water)?

Approximately how many octaves are there in the human
audible range?

A science museum has a display called a sewer pipe
symphony. It consists of many plastic pipes of various
lengths, which are open on both ends. (a) If the pipes
have lengths of 3.0m, 25m, 20m, 1.5m and 1.0m,
what frequencies will be heard by a visitor’s ear placed
near the ends of the pipes? (b) Why does this display
work better on a noisy day than on a quiet day?

A single mosquito 5.0m from a person makes a sound
close to the threshold of human hearing (0 dB). What will
be the sound level of 1000 such mosquitoes?

What is the resultant sound level when an 82-dB sound
and an 87-dB sound are heard simultancously?
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The sound level 12.0m from a loudspeaker, placed in the
open, is 105 dB. What is the acoustic power output (W) of
the speaker, assuming it radiates equally in all directions?
A stereo amplifier is rated at 150 W output at 1000 Hz.
The power output drops by 10dB at 15 kHz. What is the
power output in watts at 15 kHz?

. Workers around jet aircraft typically wear protective

devices over their ears. Assume that the sound level of a
jet airplane engine, at a distance of 30m, is 140dB, and
that the average human ear has an effective radius of
2.0 em. What would be the power intercepted by an unpro-
tected ear at a distance of 30 m from a jet airplane engine?
In audio and communications systems, the gain. 3, in deci-
bels is defined as
Puul :

B=10 lag( P )
where By, is the power input to the system and Py, is the
power output. A particular stereo amplifier puts out 100 W
of power for an input of 1 mW. What is its gain in dB?
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