Chapter 16 - Wave Motion
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Two points A and B on the surface of the Earth are at the ﬂ ,4
same longimde and 60.07 apart in latimde. Suppose that an
earthquake at point A creates a P wave that reaches point B
by traveling straight through the body of the Earth at a con-
stant speed of 7.80 km/s. The earthquake also radiates a
Rayleigh wave, which travels across the surface of the Earth in
an analogous way 0 a surface wave on water, at 4.50 km/s.

(a) Which of these two seismic waves arrives at B first?
(b} What is the time difference between the arrivals of the
two waves at B7 Take the radius of the Earth to be 6 370 km.
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5 and P waves, simultaneously radiated from the hypocenter
of an earthquake, are received at a seismographic station
17.3 s apart. Assume the waves have traveled over the same
path at speeds of 4.50 km/s and 7.80 km/s. Find the dis
tance from the seismograph to the hypocenter of the quake.
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](f(" Two sinusoidal waves in a string are defined by the
functions

K (2,00 cm) sin{20.0x — 32.04)

and

o = (2.00 cm) sin{25.0x — 40.04)

where %, ye. and x are in centimeters and { is in seconds.
{a) What is the phase difference between these two waves
at the point x = 5.00 cm at ¢ = 2.00 52 (b) What is the posi-
tive x value closest to the origin for which the mwo phases
differ by * o at ¢ = 2.00 57 (This is where the two waves
add to zero.)

)P /,/caf M//)a Z\aic 0/](7[:/:/1(1 emtans -
ﬂSumaé//duS}' 0O/(IV13 Q /V VQ/M(S,

Cooaf x=§,4=2, = 20(5)-32(2) < 3¢ oo
72_ s 25 () —‘7’0(1) = ’7‘5/;”45/

>/2_ (S %rM/ QZCQJ d7f /{

) Lraom (6) L = 255 ~4ost - (zox-32.1)



W= and Yo =

T A= Sx-84

sin (6 TZM77> =516

Coder X2, selve for A¢=‘§;<‘/C*ZM/7)

bt//\erz_ A¢/f’iﬁ
St T =SX b+ 2nT
LS = /6 ~2nT T/

WACV\ X IS as Jwt«// as afSlé/z, )
/G"ZV\I(\-_'."F/— IS &S s'wm// S /OSSJé/C.
S Look al (624 *+ 0
cnd [6-240
<S¢ art YZIZ Sa mr FO\/ N I.MYLLJCV,
Zao/( a.VL /(-5 = 0292
amﬁ/ /6'6‘?//:2‘?5’

o9 % = 0-292 %= 0.058F cm

Two pulses traveling on the same string are described by

= e
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(3x + 4t — 6F + 2

(3x — 4t + 2

(a) In which direction does each pulse travel? (b) At what
time do the two cancel everywhere? (c) At what point do
the two pulses always cancel?
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/ 0, A telephone cord is 4.00 m long. The cord has a mass of
0.200 kg. A wansverse pulse is produced by plucking one
end of the taut cord. The pulse makes four trips down and
back along the cord in 0.800 5. What is the tension in the

cord?
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Transverse waves with a speed of 50.0 m/s are to be pro-
duced in a taut string. A 5.00-m length of string with a total
mass of 0,060 O kg is used. What is the required tension?
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A piano string having a mass per unit length equal to
5.00 % 107 kg/m is under a tension of 1 350 N. Find the
speed of a wave traveling on this string,.
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An astronaut on the Moon wishes to measure the local
value of the free-fall acceleration by timing pulses traveling
down a wire that has an object of large mass suspended
from it. Assume a wire has a mass of 4.00 g and a length of
1.60 m, and that a 3.00-kg object is suspended from it A
pulse requires 36.1 ms to traverse the length of the wire.
Calculate gyoon from these data. (You may ignore the mass
of the wire when calculating the tension in it.)
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A simple pendulum consists of a bhall of mass M hanging
from a uniform string of mass m and length L, with m <= M.
It the period of oscillations for the pendulum is T, deter-
mine the speed of a transverse wave in the string when the
pendulum hangs at rest.
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A 30.0-m steel wire and a 20.0-m copper wire, both with
1.00-mm diameters, are connected end to end and are

stretched to a tension of 150 N. How long does it take a
transverse wave to travel the entire length of the two
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A sinusoidal wave is waveling along a rope. The oscillator
that generates the wave completes 40,0 vibrations in 30.0 s,
Also, a given maximum travels 425 cm along the rope in
10.0 s. What is the wavelength?
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A sinusoidal wave traveling in the —x direction {to the left)
has an amplitude of 20.0 cm, a wavelength of 35.0 cm, and
a frequency of 12.0 Hz. The transverse position of an ele-
ment of the medium at =10, x=101is y= —3.00 cm, and
the element has a positive velocity here. (a) Sketch the
wave at { = 0. (b} Find the angular wave number, period,
angular frequency, and wave speed of the wave. (c) Write
an expression for the wave function y(x, t).
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A sinusoidal wave is described by
y= (0.25 m) sin(0.50x — 401)

where x and y are in meters and { is in seconds. Determine
for this wave the (a) amplitude, {(b) angular frequency,
() angular wave number, {d) wavelength, (e) wave speed,
and (f) direction of motion.
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A transverse wave on a string 1s described by the wave

functon
y = (0L120 m) sin[(7a/8) + 4]

{a) Determine the transverse speed and acceleration at
{=0.200s for the point on the string located at x =
1.60 m. {(b) What are the wavelength, period, and speed of
propagation of this waver
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Tf“" (a) Write the expression for y as a function of xand {
for a sinusoidal wave traveling along a rope in the negative
x direction with the following characteristics: A = 8.00 cm,
A=800cm, [=300Hz, and 0, #)=0 at =0
(b) What If? Write the expression for y as a function of x
and  for the wave in part (a) assuming that y(x, 0) = 0 at
the point x = 10.0 cm.
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A transverse traveling wave on a taut wire has an amplitude
of 0.200 mm and a frequency of 500 Hz. It travels with a
speed of 196 m/s. (a) Write an equation in SI units of the
form y = A sin(kx — i) for this wave, (b) The mass per unit

length of this wire is 4.10 g/m. Find the tension in the
wire.
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A taut rope has a mass of 0,180 kg and a length of 3.60 m.
What power must be supplied to the rope in order to gen-
erate sinusoidal waves having an amplitude of 0.100 m

and a wavelength of 0.500 m and traveling with a speed of

30.0 m/s?
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A wo-dimensional water wave spreads in circular ripples.
Show that the amplitude A ata distance rfrom the initial
disturbance is proportional two 1/yr. (Sugpestion: Con-
sider the energy carried by one outward-moving ripple.)
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Transverse waves are being generated on a rope under con-
stant tension. By what factor is the required power increased
or decreased if (a) the length of the rope is doubled and
the angular frequency remains constant, (b) the amplitade
is doubled and the angular frequency is halved, (c) both the
wavelength and the amplitude are doubled, and (d) both
the length of the rope and the wavelength are halved?
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It is found that a 6.00-m segment of a long string contains
four complete waves and has a mass of 180 g. The string is
vibrating sinusoidally with a frequency of 50.0 Hz and
a peak-to-valley distance of 15.0 cm. (The “peak-towvalley”
distance is the vertical distance from the farthest positive

position to the farthest negative position.) (a) Write the
functon that describes this wave traveling in the positive x
direction. (b) Determine the power being supplied to the
string.
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L/ g A sinusoidal wave on a string is described by the equation
’
¥ = (0.15 m) sin(0.80x — 501)
where xand yare in meters and {is in seconds. If the mass
per unit length of this swing is 12.0 g/m, determine

{a) the speed of the wave, (b) the wavelength, (c) the fre-
quency, and (d) the power transmitted to the wave.
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1/3[ A horizontal string can transmit a maximum power 9y

{without breaking) if a wave with amplitude A and angular
frequency w is waveling along it. In order to increase this
maximum power, a student folds the string and uses this
“double string” as a medium. Determine the maximum
power that can be transmitted along the “double string,”
assuming that the tension is constant.
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g— ? A wire of density p is tapered so that its crosssectional area

varies with xaccording to
A= (10X 107% x + 0.010) cm?

{a) If the wire is subject to a tension 7, derive a relation-
ship for the speed of a wave as a functon of position.
(b) What If? If the wire is aluminum and is subject to a

tension of 24.0 N, determine the speed at the origin and at
x=10.0 m.
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A rope of total mass mand length Lis suspended vertically.
Show that a transverse pulse travels the length of the rope
in a time interval Af = iZw'Lf' g. (Sugpestion: First find an ex-
pression for the wave speed at any point a distance x from
the lower end by considering the tension in the rope as re-
sulting from the weight of the segment below that point.)
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If an object of mass M is suspended from the bottom of  €Xpression in part (a) reduces to
the rope in Problem 59, (a) show that the tme interval for Y
. | “

a transverse pulse to wravel the length of the rope is At= ‘\| v
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What If? {(b) Show that this reduces to the result of Prob-
lem 59 when M=10. (¢} Show that for m <= M, the
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It is stated in Problem 59 that a pulse travels from the
bottom to the top of_a hanging rope of length L in
a time interval At F": E"'\'m. I_.TI:*:- Lii!‘i ]'ES'L]]L Lo miwer the
following questions. (It is not necessary to set up
any new integrations.) (a) How long does it take for a
pulse to travel halfway up the rope? Give your answer as
a fraction of the quantity 24/ L/z. (b} A pulse starts travel-
ing up ILELJ'(}]}E. How far has it waveled after a time in-
terval W [/ gr
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