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*51 The A string of a violin is a little too tightly stretched. Beats
at 4.00 per second are heard when the string is sounded together
with a tuning fork that is oscillating accurately at concert A (440
Hz). What is the period of the violin string oscillation?

59 (@ In Fig. 17-41, a French submarine and a U.S. submarine
move toward each other during maneuvers in motionless water in
the North Atlantic. The French sub moves at speed vy = 50.00
km/h, and the U.S. sub at vy = 70.00 km/h. The French sub sends
out a sonar signal (sound wave in water) at 1.000 X 10° Hz. Sonar
waves travel at 5470 km/h. (a) What is the signal’s frequency as de-
tected by the U.S. sub? (b) What frequency is detected by the
French sub in the signal reflected back to it by the U.S. sub?
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Fig. 17-41 Problem 59.

Additional Problems



93 ssm Figure 17-47 shows an air-filled, acoustic interferometer,
used to demonstrate the interference of sound waves. Sound source
S is an oscillating diaphragm; D is a sound detector, such as the ear
or a microphone. Path SBD can be varied in length, but path SAD is
fixed. At D, the sound wave coming along path SBD interferes with
that coming along path SAD. In one S

demonstration, the sound intensity [

at D has a minimum value of 100

units at one position of the movable 6 5
arm and continuously climbs to a b

maximum value of 900 units when D

that arm is shifted by 1.65 cm. Find

(a) the frequency of the sound emit- Fig. 17-47 Problem 93.
ted by the source and (b) the ratio of the amplitude at D of the
SAD wave to that of the SBD wave. (¢) How can it happen that
these waves have different amplitudes, considering that they origi-
nate at the same source?

*e36 <%= Party hearing. As the number of people inthe JCR in-
creases, you must raise your voice for a listener to hear you against
the background noise of the other freshers . However, once you
reach the level of yelling, the only way you can be heard is if you
move closer to your listener, into the listener’s “personal space.”
Model the situation by replacing you with an isotropic point source
of fixed power P and replacing your listener with a point that ab-
sorbs part of your sound waves. These points are initially separated
by r; = 1.20 m. If the background noise increases by AB = 5 dB, the
sound level at your listener must also increase. What separation r;is
then required?

1 Does the spacing between fringes in a two-slit interference
pattern increase, decrease, or stay the same if (a) the slit separa-
tion is increased, (b) the color of the light is switched from red
to blue, and (c) the whole apparatus is submerged in cooking
sherry? (d) If the slits are illuminated with white light, then at
any side maximum, does the blue component or the red compo-
nent peak closer to the central maximum?



*26 In a double-slit experiment, the fourth-order maximum for a
wavelength of 450 nm occurs at an angle of # = 90°. Thus, it is on
the verge of being eliminated from the pattern because 6 cannot
exceed 90° in Eq. 35-14. (a) What range of wavelengths in the visi-
ble range (400 nm to 700 nm) are not present in the third-order
maxima? To eliminate all of the visible light in the fourth-order
maximum, (b) should the slit separation be increased or decreased
and (c) what least change in separation is needed?

85 ssm A double-slit arrangement produces bright interference
fringes for sodium light (a distinct yellow light at a wavelength
of A = 589 nm). The fringes are angularly separated by 0.30° near
the center of the pattern. What is the angular fringe separation if
the entire arrangement is immersed in water, which has an index of
refraction of 1.33?

91 Two identical tuning forks can oscillate at 440 Hz. A person is
located somewhere on the line between them. Calculate the beat
frequency as measured by this individual if (a) she is standing still
and the tuning forks move in the same direction along the line at
3.00 m/s, and (b) the tuning forks are stationary and the listener
moves along the line at 3.00 m/s.



94 On July 10, 1996, a granite block broke away from a wall in
Yosemite Valley and, as it began to slide down the wall, was
launched into projectile motion. Seismic waves produced by its im-
pact with the ground triggered seismographs as far away as 200
km. Later measurements indicated that the block had a mass be-
tween 7.3 X 10" kg and 1.7 X 108 kg and that it landed 500 m verti-
cally below the launch point and 30 m horizontally from it. (The
launch angle is not known.) (a) Estimate the block’s kinetic energy
just before it landed.

Consider two types of seismic waves that spread from the im-
pact point—a hemispherical body wave traveled through the
ground in an expanding hemisphere and a cylindrical surface wave
traveled along the ground in an expanding shallow vertical cylin-
der (Fig. 17-48). Assume that the impact lasted 0.50 s, the vertical
cylinder had a depth d of 5.0 m, and each wave type received 20%
of the energy the block had just before impact. Neglecting any me-
chanical energy loss the waves experienced as they traveled, deter-
mine the intensities of (b) the body wave and (c) the surface wave
when they reached a seismograph 200 km away. (d) On the basis of
these results, which wave is more easily detected on a distant
seismograph?
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Fig. 17-48 Problem 9%4.



