468 Chapter 16 Wave Motion

5. O When all the strings on a guitar are stretched to the
same tension, will the speed of a wave along the most
massive bass string be (a) faster, (b) slower, or (c) the
same as the speed of a wave on the lighter strings? Alter-
natively, (d) is the speed on the bass string not necessarily
any of these answers?

O If vou stretch a rubber hose and pluck it, you can
observe a pulse traveling up and down the hose. (i) What
happens to the speed of the pulse if vou stretch the hose
more tightly? (a) It increases. (b) It decreases. (c) It is
constant. (d) It changes unpredictably. (ii) What happens
to the speed if vou fill the hose with water? Choose from
the same possibilities.

bl

When a pulse travels on a taut string, does it always invert
upon reflection? Explain,

o

Does the vertical speed of a segment of a horizontal taut
string, through which a wave is traveling, depend on the
wave speed?

9. O (a) Can a wave on a string move with a wave speed that
is greater than the maximum transverse speed © . of an
element of the string? (b) Can the wave speed' be much
greater than the maximum element speed? (¢} Can the
wave speed be equal to the maximum element speed?
(d) Can the wave speed be less than o,

Fl
¥ max?

10. If vou shake one end of a taut rope steadily three times
cach second, what would be the period of the sinusoidal
wave set up in the rope?

11. If a long rope is hung from a ceiling and waves are sent

up the rope from its lower end, they do not ascend with
constant speed. Explain.

Problems

[12] O A source vibrating at constant frequency generates a

sinusoidal wave on a string under constant tension. If the
power delivered to the string is doubled, by what factor
does the amplitude change? (a) 4 (b) 2 (c) Ve (d) 1
(e) 0.707 (f) cannot be predicted

13. O If one end of a heavy rope is attached to one end of a
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light rope, a wave can move from the heavy rope into
the lighter one. (i) What happens to the speed of the
waver? (a) It increases. (b) It decreases. (¢) It is con-
stant. (d) It changes unpredictably. (ii) What happens
to the frequency? Choose from the same possibilities.
(iii) What happens to the wavelength? Choose from the
same possibilities.

A solid can transport both longitudinal waves and wrans-
verse waves, but a homogeneous fluid can transport only
longitudinal waves. Why?

In an earthquake both S (transverse) and P (longitudi-
nal) waves propagate from the focus of the earthquake.
The focus is in the ground below the epicenter on the
surface. Assume the waves move in straight lines through
uniform material. The S waves travel through the Farth
more slowly than the P waves (at about 5 km/s versus
8 km/s). By detecting the time of arrival of the waves,
how can one determine the distance to the focus of the
earthquake? How many detection stations are necessary to
locate the focus unambiguously?

In mechanics, massless strings are often assumed. Why is
that not a good assumption when discussing waves on
strings?

WebAssign The Problems from this chapter may be assigned online in WebAssign.

Thomson ' Sign in at www.thomsonedu.com and go to ThomsonNOW to assess vour understanding of this chapter’s topics

with additional quizzing and conceptual questions.

1, 2, 3 denotes straightforward, intermediate, challenging; U] denotes full solution available in Student Solutions Manual/Study
Guide; A denotes coached solution with hints available at www.thomsonedu.com; denotes developing symbolic reasoning;

® denotes asking for qualitative reasoning; %

Section 16.1 Propagation of a Disturbance
m At ¢ = 0, a transverse pulse in a wire is described by the
function
6
x4+ 3
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where x and y are in meters. Write the function y(x, f)
that describes this pulse if it is waveling in the positive x
direction with a speed of 4.50 m/s.

2. @ Ocean waves with a crest-to-crest distance of 10.0 m can
be described by the wave function

y(x 6) = (0.800 m) sin [0.628(x — wi}]

where v = 1.20 m/s. (a) Sketch y(x, ) at ¢ = 0. (b) Sketch
V(x, ) at £ = 2.00 5. Compare this graph with that for part
(a) and explain similarities and differences. What has the
wave done between picture (a) and picture (b)?

Two points A and B on the surface of the Earth are at the
same longitude and 60.0° apart in latitude. Suppose an

denotes computer useful in solving problem

carthquake at point A creates a P wave that reaches point
B by traveling straight through the body of the Earth at a
constant speed of 7.80 km/s. The earthquake also radi-
ates a Rayleigh wave that wravels along the surface of the
Earth 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 these two waves at B? Take the radius of the
Earth to be 6 370 km.

A seismographic station receives S and P waves from an
earthquake, 17.3 s apart. Assume the waves have traveled
over the same path at speeds of 4.50 km /s and T.80 km/s.
Find the distance from the seismograph to the hypocen-
ter of the earthquake.

Section 16.2 The Traveling Wave Model

m A The wave function for a traveling wave on a taut string

is {in SI units)

y(x £) = (0.350 m) sin (lﬂﬂ‘t — S7x + -Z:')

2 = intermediate; 3 = challenging: []=8SM/SG; A =ThomsonNOW; = symbolic reasoning; @ = qualitative reasoning



(a) What are the speed and direction of wtavel of the
wave? (b} What is the vertical position of an element of
the string at ¢ = 0, x = 0.100 m? (¢) What are the wave-
length and frequency of the wave? (d) What is the maxi-
mum transverse speed of an element of the string?
® A certain uniform string is held under constant ten-
sion. (a) Draw a side-view snapshot of a sinusoidal wave
on a string as shown in diagrams in the text, (b) Immedi-
ately below diagram (a), draw the same wave at a moment
later by one quarter of the period of the wave. (¢) Then,
draw a wave with an amplitude 1.5 times larger than the
wave in diagram (a). (d) Next, draw a wave differing from
the one in your diagram (a) just by having a wavelength
1.5 times larger. (e¢) Finally, draw a wave differing from
that in diagram (a) just by having a frequency 1.5 times
larger.
A sinusoidal wave is traveling along a rope. The oscillator
that generates the wave completes 40.0 vibrations in 30.0 s,
Also, a given maximum travels 425 em along the rope in
10.0 s. What is the wavelength of the wave?
For a certain transverse wave, the distance between two
successive crests is 1.200 m, and eight crests pass a given
point along the direction of travel every 12.0 s, Calculate
the wave speed.
A wave is described by y = (2.00 em) sin (kx — wi), where
= 211 rad/m, @ = 3.62 rad/s, x is in meters, and {is in
seconds. Determine the amplitude, wavelength, fre-
quency, and speed of the wave.
When a particular wire is vibrating with a frequency of
4.00 Hz, a transverse wave of wavelength 60.0 cm is pro-
duced. Determine the speed of waves along the wire,
The string shown in Active Figure 16.10 is driven at a fre-
quency of 5.00 Hz. The amplitude of the motion is
12.0 cm, and the wave speed is 20.0 m/s. Furthermore,
the wave is such that y = 0 at x = 0 and ¢ = 0. Determine
(a) the angular frequency and (b) wave number for this
wave. (¢} Write an expression for the wave function. Cal-
culate (d) the maximum transverse speed and (e) the
maximum transverse acceleration of a point on the string.
Consider the sinusoidal wave of Example 16.2 with the
wave function

y = (15.0 em) cos (0.157x — 50.3¢)

At a certain instant, let point A be at the origin and point
B be the first point along the x axis where the wave is
60.07 out of phase with A. What is the coordinate of B?

A sinusoidal wave is described by the wave function
y = (0.25 m) sin (0.30x — 40¢)

where x and y are in meters and { is in seconds. Deter-
mine for this wave the (a) amplitude, (b) angular fre-
quency, (c) angular wave number, (d) wavelength, (e} wave
speed, and (f) direction of motion.

® (a) Plot yversus {at x = 0 for a sinusoidal wave of the
form y = (15.0 cm) cos (0.157x — 50.3¢), where x and y
are in centimeters and {is in seconds. (b) Determine the
period of vibration from this plot. State how vour result
compares with the value found in Example 16.2.

A (a) Write the expression for y as a function of x and {

for a sinusoidal wave traveling along a rope in the nega-

2 = intermediate; 3 = challenging; []=SSM/SG; A = ThomsonNOW;

Prablems 469

tive x direction with the following characteristics: A =
8.00 em, A = 80.0 cm, /= 3.00 Hz, and y(0, f) = 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.

3. 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 posi-
tion of an element of the medium at ¢ = 0, x = 0is y =
—3.00 em, 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, &).

A wransverse wave on a string is described by the wave
function

m
y = (0.120 m} sin (‘gx + ’11‘”)

(a) Determine the transverse speed and acceleration of
the string at ¢ = 0.200 s for the point on the swring
located at x = 1.60 m. (b) What are the wavelength,
period, and speed of propagation of this wave?

A transverse sinusoidal wave on a string has a period T =
25.0 ms and travels in the negative x direction with a speed
of 30.0 m/s. At ¢ = 0, an element of the string at x = 0 has
a transverse position of 2.00 em and is traveling downward
with a speed of 2.00 m/s. (a) What is the amplitude of the
wave? (b) What is the initial phase angle? (c) What is the
maximum transverse speed of an element of the string?
() Write the wave function for the wave.

A sinusoidal wave of wavelength 2.00 m and amplitude
0.100 m travels on a string with a speed of 1.00 m/s to the
right. Initially, the left end of the string is at the origin.
Find (a) the frequency and angular frequency, (b) the
angular wave number, and (c) the wave function for this
wave. Determine the equation of motion for (d) the left
end of the sring and (e) the point on the string at x =
1.50 m to the right of the left end. (f) What is the maxi-
mum speed of any point on the string?

A wave on a string is described by the wave function y =
(0,100 m) sin (0.50x — 204). (a) Show that an element of
the string at x = 2.00 m executes harmonic motion.
(b) Determine the frequency of oscillation of this partcu-
lar point

Section 16.3 The Speed of Waves on Strings

A telephone cord is 4.00 m long. The cord has a mass of
0.200 kg. A transverse 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 s. What is the tension in
the cord?

- A transverse traveling wave on a taut wire has an ampli-

tude of (.200 mm and a [requency of 500 Hz. It wavels
with a speed of 196 m/s. (a) Write an equation in SI units
of the form y = A sin (kx — w{) for this wave. (b) The
mass per unit length of this wire is 4.10 g/m. Find the
tension in the wire.

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 with which a wave travels on this string.

= symbolic reasoning; @ = qualitative reasoning



