
Physics 4C Spring 2020 Test 4 Practice

Name:

May 26, 2020

Please show your work! Answers are not complete without clear reasoning. When asked
for an expression, you must give your answer in terms of the variables given in the question
and/or fundamental constants.

Answer as many questions as you can, in any order. Calculators are allowed. Books,
notes, and internet connectable devices are not allowed. Use any blank space to answer
questions, but please make sure it is clear which question your answer refers to.

g = 9.8 ms−2

c = 3.00 × 108 m/s

ρair = 1.20 kg m−3 (sea level, 20◦C)
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1. The string shown is driven sinusoidally at a frequency of 6.00 Hz. The amplitude of
the motion is A = 10.0 cm, and the wave speed is v = 25.0 m/s. Furthermore, the
wave is such that y = 0 at x = 0 and t = 0.

(a) Determine the angular frequency for this wave. [2 pts]

(b) Determine the wave number for this wave. [2 pts]

(c) Write an expression for the wave function. [2 pts]

(d) Calculate the maximum transverse speed of an element of the string. [3 pts]

(e) Calculate the maximum transverse acceleration of an element of the string. [3 pts]

(f) Considering the acceleration of an element of the string, show that the transverse
motion of each element is simple harmonic motion. [2 pts]

(g) Suppose the string has a length 1.00 m and a mass of 20.0 g. What is the power
of this wave? [4 pts]

 Problems 501

 7. A sinusoidal wave is traveling along a rope. The oscil-
lator that generates the wave completes 40.0 vibrations 
in 30.0 s. A given crest of the wave travels 425 cm along 
the rope in 10.0 s. What is the wavelength of the wave?

 8. For a certain transverse wave, the distance between two 
successive crests is 1.20 m, and eight crests pass a given 
point along the direction of travel every 12.0 s. Calcu-
late the wave speed.

 9. The wave function for a traveling wave on a taut string 
is (in SI units)

y 1x, t 2 5 0.350 sin a10pt 2 3px 1
p

4
b

  (a) What are the speed and direction of travel of the 
wave? (b) What is the vertical position of an element of 
the string at t 5 0, x 5 0.100 m? What are (c) the wave-
length and (d) the frequency of the wave? (e) What is 
the maximum transverse speed of an element of the 
string?

 10. When a particular wire is vibrating with a frequency 
of 4.00  Hz, a transverse wave of wavelength 60.0 cm 
is produced. Determine the speed of waves along the 
wire.

 11. The string shown in Figure P16.11 is driven at a fre-
quency of 5.00 Hz. The amplitude of the motion is A 5 
12.0 cm, and the wave speed is v 5 20.0 m/s. Further-
more, the wave is such that y 5 0 at x 5 0 and t 5 0. 
Determine (a) the angular frequency and (b) the wave 
number for this wave. (c) Write an expression for the 
wave function. Calculate (d) the maximum transverse 
speed and (e) the maximum transverse acceleration of 
an element of the string.
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Figure P16.11
 12. Consider the sinusoidal wave of Example 16.2 with the 

wave function

y 5 0.150 cos (15.7x 2 50.3t)

  where x and y are in meters and t is in seconds. At a 
certain instant, let point A be at the origin and point 
B be the closest point to A along the x axis where the 
wave is 60.0° out of phase with A. What is the coordi-
nate of B?

 13. 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. At t 5 0, the left end of the string is at the 
origin. For this wave, find (a) the frequency, (b) the 
angular frequency, (c) the angular wave number, and 
(d) the wave function in SI units. Determine the equa-
tion of motion in SI units for (e) the left end of the 
string and (f) the point on the string at x 5 1.50 m 
to the right of the left end. (g) What is the maximum 
speed of any element of the string?

 14. (a) Plot y versus t at x 5 0 for a sinusoidal wave of the 
form y 5 0.150 cos (15.7x 2 50.3t), where x and y are in 
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Section 16.1  Propagation of a Disturbance
 1. A seismographic station receives S and P waves from 

an earthquake, separated in time by 17.3 s. Assume the 
waves have traveled over the same path at speeds of 
4.50 km/s and 7.80 km/s. Find the distance from the 
seismograph to the focus of the quake.

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

y(x, t) 5 0.800 sin [0.628(x 2 vt)]

  where x and y are in meters, t is in seconds, and v 5 
1.20 m/s. (a) Sketch y(x, t) at t 5 0. (b) Sketch y(x, t) at 
t 5 2.00 s. (c) Compare the graph in part (b) with that 
for part (a) and explain similarities and differences. 
(d) How has the wave moved between graph (a) and 
graph (b)?

 3. At t 5 0, a transverse pulse in a wire is described by the 
function

y 5
6.00

x 2 1 3.00
  where x and y are in meters. If the pulse is traveling in 

the positive x direction with a speed of 4.50 m/s, write 
the function y(x, t) that describes this pulse.

 4. Two points A and B on 
the surface of the Earth 
are at the same longitude 
and 60.08 apart in latitude 
as shown in Figure P16.4. 
Suppose an earthquake 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 travels at 4.50 km/s. In addition 
to P and S waves, Rayleigh waves are a third type of seis-
mic wave that travels along the surface of the Earth rather 
than through the bulk of the Earth. (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?

Section 16.2  Analysis Model: Traveling Wave
 5. A wave is described by y 5 0.020 0 sin (kx 2 vt), where 

k 5 2.11 rad/m, v 5 3.62 rad/s, x and y are in meters, 
and t is in seconds. Determine (a) the amplitude,  
(b) the wavelength, (c) the frequency, and (d) the speed 
of the wave.

 6. 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) Imme-
diately below diagram (a), draw the same wave at a 
moment later by one-quarter of the period of the wave. 
(c) 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.
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2. A standing-wave pattern is observed in a thin wire with a length of 1.20 m. Let the
point x = 0 be the left end of the wire. The wave function is

y = 3.00 sin

(
10π

3
x

)
cos (180πt)

where x is in meters, y is in millimeters, and t is in seconds.

(a) What is the wavenumber of this wavefunction? [1 pt]

(b) What is the wave speed on this wire? [2 pts]

(c) How many loops does this pattern exhibit? [3 pt]

(d) Consider an element of the wire at a point x = 0.05 m. What is the maximum
transverse displacement of this element? [3 pts]

(e) Show that the transverse motion of the element at x = 0.05 m is simple harmonic
motion (SHM), by referring to the definition of SHM. [5 pts]
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3. Two waves are described by the wave functions

y1(x, t) = 6.00 sin(2πx− 10πt),

y2(x, t) = 8.00 cos(2πx− 10πt+ π)

where x, y1, and y2 are in meters and t is in seconds.

(a) What are the wavelength, frequency, and speed of these waves? [6 pts]

(b) Show that the wave resulting from their superposition can be expressed as a single
sine function, and give this resultant wave explicitly, including the amplitude and
phase angle giving units. [6 pts]
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4. A standing wave in a rope is described by the wave function

y = 0.20 sin(0.75πx) cos(18πt)

where x and y are in meters and t is in seconds. The rope has a linear mass density of
10.0 g/m. The tension in the rope is provided by a container of mass m suspended as
shown in the figure.

502 Chapter 16 Wave Motion

pulses can propagate along this wire without exceeding 
this stress? (The density of steel is 7.86 3 103 kg/m3.)

 22. A piano string having a mass per unit length equal to  
5.00 3 1023 kg/m is under a tension of 1 350 N. Find 
the speed with which a wave travels on this string.

 23. Transverse waves travel with a speed of 20.0 m/s on a 
string under a tension of 6.00 N. What tension is required 
for a wave speed of 30.0 m/s on the same string?

 24. A student taking a quiz finds on a reference sheet the 
two equations

f 5
1
T

    and    v 5 ÅT
m

  She has forgotten what T represents in each equation. 
(a)  Use dimensional analysis to determine the units 
required for T in each equation. (b) Explain how you 
can identify the physical quantity each T represents 
from the units.

 25. An Ethernet cable is 4.00 m long. The cable has a mass 
of 0.200 kg. A transverse pulse is produced by plucking 
one end of the taut cable. The pulse makes four trips 
down and back along the cable in 0.800 s. What is the 
tension in the cable?

 26. A transverse traveling wave on a taut wire has an ampli-
tude of 0.200 mm and a frequency of 500 Hz. It trav-
els with a speed of 196 m/s. (a) Write an equation in  
SI units of the form y 5 A sin (kx 2 vt) for this wave. 
(b) The mass per unit length of this wire is 4.10 g/m. 
Find the tension in the wire.

 27. A steel wire of length 30.0 m and a copper wire of 
length 20.0 m, both with 1.00-mm diameters, are con-
nected end to end and stretched to a tension of 150 N. 
During what time interval will a transverse wave travel 
the entire length of the two wires?

 28. Why is the following situation impossible? An astronaut on 
the Moon is studying wave motion using the apparatus 
discussed in Example 16.3 and shown in Figure 16.12. 
He measures the time interval for pulses to travel along 
the horizontal wire. Assume the horizontal wire has a 
mass of 4.00 g and a length of 1.60 m and assume a 
3.00-kg object is suspended from its extension around 
the pulley. The astronaut finds that a pulse requires 
26.1 ms to traverse the length of the wire.

 29. Tension is maintained in a 
string as in Figure P16.29. The 
observed wave speed is v 5 
24.0  m/s when the suspended 
mass is m 5 3.00 kg. (a) What is 
the mass per unit length of the 
string? (b)  What is the wave 
speed when the suspended 
mass is m 5 2.00 kg?

 30. Review. A light string with a mass per unit length of 
8.00 g/m has its ends tied to two walls separated by a 
distance equal to three-fourths the length of the string 
(Fig. P16.30, p. 503). An object of mass m is suspended 
from the center of the string, putting a tension in the 
string. (a) Find an expression for the transverse wave 
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meters and t is in seconds. (b) Determine the period of 
vibration. (c) State how your result compares with the 
value found in Example 16.2.

 15. A transverse wave on a string is described by the wave 
function

y 5 0.120 sin ap

8
 x 1 4ptb

  where x and y are in meters and t is in seconds. Deter-
mine (a) the transverse speed and (b) the transverse 
acceleration at t 5 0.200 s for an element of the string 
located at x  5 1.60 m. What are (c) the wavelength,  
(d) the period, and (e) the speed of propagation of 
this wave?

 16. A wave on a string is described by the wave function  
y 5 0.100 sin (0.50x 2 20t), where x and y are in 
meters and t is in seconds. (a) Show that an element 
of the string at x 5 2.00 m executes harmonic motion.  
(b) Determine the frequency of oscillation of this par-
ticular element.

 17. A sinusoidal wave is described by the wave function y 5 
0.25 sin (0.30x 2 40t) where x and y are in meters and 
t is in seconds. Determine for this wave (a) the ampli-
tude, (b) the angular frequency, (c) the angular wave 
number, (d) the wavelength, (e) the wave speed, and 
(f) the direction of motion.

 18. A sinusoidal wave traveling in the negative 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 element of the medium at t 5 0, x 5 0 is 
y 5 23.00 cm, and the element has a positive velocity 
here. We wish to find an expression for the wave func-
tion describing this wave. (a) Sketch the wave at t 5 0.  
(b) Find the angular wave number k from the wave-
length. (c) Find the period T from the frequency. Find 
(d) the angular frequency v and (e) the wave speed v. 
(f) From the information about t 5 0, find the phase 
constant f. (g) Write an expression for the wave func-
tion y(x, t).

 19. (a) Write the expression for y as a function of x and t 
in SI units for a sinusoidal wave traveling along a rope 
in the negative x direction with the following charac-
teristics: A 5 8.00 cm, l 5 80.0 cm, f 5 3.00 Hz, and  
y(0, t) 5 0 at t 5 0. (b) What If? Write the expression 
for y as a function of x and t for the wave in part (a) 
assuming y(x, 0) 5 0 at the point x 5 10.0 cm.

 20. A transverse sinusoidal wave on a string has a period  
T 5 25.0 ms and travels in the negative x direction with 
a speed of 30.0 m/s. At t 5 0, an element of the string 
at x 5 0 has a transverse position of 2.00 cm and is trav-
eling 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? (d) Write the wave function 
for the wave.

Section 16.3  The Speed of Waves on Strings
 21. Review. The elastic limit of a steel wire is 2.70 3 108 Pa. 

What is the maximum speed at which transverse wave 
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(a) What is the mass m? [5 pts]

(b) If the string is vibrating in its fundamental mode, what is the length of the
horizontal portion of the string? (Assume it does not stretch appreciably as it
oscillates.) [4 pts]

(c) Now sand is poured at a constant rate of 200 g/s into the suspended container,
initially of mass m, for 3.00 s. Suppose the string vibrates in its fundamental mode
throughout this process. Find the number of oscillations it completes during the
3.00-s interval. [7 pts]
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