
Physics 4A 
Chapters 16 and 17: Traveling Waves and Superposition 

 
 
 

 
 
 

 
 
 

 
 



 

 
 
 

 
 
 



Questions and Example Problems from Chapter 16 and 17 
 
Conceptual Question 16.9 
The figure shows the wave fronts of a circular wave. What is the phase 
difference between (a) points A and B, (b) points C and D, and (c) points E 
and F?  

16.9.  (a) 0; they are on the same wave front. (b) 4π rad; because they are two wave crests apart. 
(c) π rad; because F is on a crest and E on an adjacent trough. 
 
 
Conceptual Question 16.A  
In the figure below, five points are indicated on a snapshot of a sinusoidal wave. What is the 
phase difference between point 1 and (a) point 2, (b) point 3, (c) point 4, and (d) point 5? 
Answer in radians and in terms of the wavelength of the wave. The snapshot shows a point of 
zero displacement at x = 0. In terms of the period T of the wave, when will (e) a peak and (f) the 
next point of zero displacement reach x = 0? 
 

 
 
Conceptual Question 16.B   
The following four waves are sent along strings with the same linear densities (x is in meters and 
t is in seconds). Rank the waves according to (a) their wave speed and (b) the tensions in the 
strings along which they travel, greatest first: 
 

 
 
Conceptual Question 17.9 
The figure shows the circular waves emitted by two in-phase sources. Are a, b, and c points of 
maximum constructive interference, maximum destructive interference, or in between? 

17.9.  At point a, two crests are arriving at the same place at the same time from in-phase sources, so it is a point of 
constructive interference. At point b, a crest from source 2 is arriving at the same time as a trough is arriving from source 
1, so it is a point of destructive interference. At point c, two troughs are arriving at the same place at the same time from 
in-phase sources, so it is a point of constructive interference. 
 
 



Problem 16.2  
A 25 g string is under 20 N of tension. A pulse travels the length of the string in 50 ms. How 
long is the string? 
 
16.2.  Solve:   

S S S S
/

T T T L TL v t t t t L t
m L m mµ

= ∆ = ∆ = ∆ = ∆ ⇒ = ∆ ⇒  

2 2S 20 N( ) (50 ms) 2.0 m
0.025 kg

TL t
m

= ∆ = =  

Assess:  2.0 m seems like a reasonable length for a string. 
 
 
Problem 16.12 
The displacement of a wave traveling in the positive x-direction is 

( , ) (3.5 )sin(2.7 124 )D x t cm x t= − , where x is in m and t is in s. What are the (a) frequency,  
(b) wavelength, and (c) speed of this wave? 
 

16.12.  Model:  The wave is a traveling wave. 
Solve:  (a) A comparison of the wave equation with Equation 16.14 yields: 5.2 cm, rad/m,A k ω= = 5.5 =  rad/s,72  and 

0 0 radφ = .  The frequency is 

72 rad/s 11 5 Hz 11 Hz
2 2

f ω
π π

= = = . ≈  

(b) The wavelength is 
2 2 1 14 m 1 1 m

5 5 rad/mk
π πλ = = = . ≈ .

.
 

(c) The wave speed 13 m/s.v fλ= =  

 
 
Problem 16.41 
A friend of yours is loudly singing a single note at 400 Hz while racing toward you at 25.0 m/s 
on a day when the speed of sound is 340 m/s. (a) What frequency do you hear? (b) What 
frequency does your friend hear if you suddenly start singing at 400 Hz? 
 
16.41.  Model:  Your friend’s frequency is altered by the Doppler effect. The frequency of your friend’s note increases as 
he races toward you (moving source and a stationary observer). The frequency of your note for your approaching friend is 
also higher (stationary source and a moving observer). 
Solve:  (a) The frequency of your friend’s note as heard by you is 

0

S

400 Hz 432 Hz25 0 m/s11
340 m/s

ff v
v

+ = = =
.

−−
 

(b) The frequency heard by your friend of your note is 

0
0

25 0 m/s1 (400 Hz) 1 429 Hz
340 m/s

vf f
v+

.   = + = + =  
  

 

 
 
Problem 16.44 
A mother hawk screeches as she dives at you. You recall from biology that female hawks 
screech at 800 Hz, but you hear the screech at 900 Hz. How fast is the hawk approaching? 



16.44.  Model:  The mother hawk’s frequency is altered by the Doppler effect. 
Solve:  The frequency is f+  as the hawk approaches you is 

0
S

SS

800 Hz900 Hz 38 1 m/s
1 / 1

343 m/s

ff vvv v+ = ⇒ = ⇒ = .
− −

 

Assess:  The mother hawk’s speed of 38.1 m/s 80 mph≈  is reasonable. 

 
 
Problem 16.59 
A wire is made by welding together two metals having different densities. The figure shows a 
2.00-m-long section of wire centered on the junction, but the wire extends much farther in both 
directions. The wire is placed under 2250 N tension, then a 1500 Hz wave with an amplitude of 
3.00 mm is sent down the wire. How many wavelengths (complete cycles) of the wave are in this 
2.00-m-long section of the wire? 
 

 
 

16.59.  Solve:  The wave speeds along the two metal wires are 

1 2
1 2

2250 N 2250 N500 m/s 300 m/s
0 009 kg/m 0 025 kg/m

T Tv v
µ µ

= = = = = =
. .

 

The wavelengths along the two wires are 

1 2
1 2

500 m/s 1 300 m/s 1 m  m
1500 Hz 3 1500 Hz 5

v v
f f

λ λ= = = = = =  

Thus, the number of wavelengths over two sections of the wire are 

( ) ( )1 11 23 5

1 0 m 1 0 m 1 0 m 1 0 m3 5
 m  mλ λ

. . . .
= = = =  

The number of complete cycles of the wave in the 2.00-m-long wire is 8. 
 
 
Problem 16.60 
The string in the figure has linear density µ. Find an expression in terms of 
M, µ, and θ for the speed of waves on the string. 
 

16.60.  Model:  The object is in static equilibrium. µ is the linear density of the string, not a coefficient of friction. 
Visualize:  Use tilted axes with the x-direction along the string. The tension in the string is S.T  
Solve:  From a free-body diagram we see that  

S S= sin 0 sinxF T Mg T Mgθ θ∑ − = ⇒ =  

S sinT Mgv θ
µ µ

= =  

 
Problem 16.A   
The equation of a transverse wave traveling along a very long string is y = 6.0 sin(0.020πx  + 
4.0πt), where x and y are expressed in centimeters and t is in seconds. Determine (a) the 



amplitude, (b) the wavelength, (c) the frequency, (d) the speed, (e) the direction of propagation 
of the wave, and (f) the maximum transverse speed of a particle in the string. (g) What is the 
transverse displacement at x = 3.5 cm when t = 0.26 s? 
 

 
 
Problem 16.B  
The equation of a transverse wave on a string is 
 

y = (2.0 mm) sin [(20 m-1)x – (600 s-1)t]  
 
The tension in the string is 15 N. (a) What is the wave speed? (b) Find the linear density of the 
string in grams per meter. 
 

 
 
Problem 17.6 
The figure shows the standing wave on a 2.0-m-long 
string that has been fixed at both ends and tightened until 
the wave speed is 40 m/s. What is the frequency? 
 

17.6.  Model:  Reflections at both ends of the string cause the formation of a standing wave. 
Solve:  The figure indicates two full wavelengths on the string. Thus, the wavelength of the standing wave is 

1
2 (2 0 m) 1 0 m.λ = . = .  The frequency of the standing wave is 

40 m/s 40 Hz
1.0 m

vf
λ

= = =  

 
 



Problem 17.7 
The figure shows a standing wave on a string that is oscillating at 100 Hz. (a) How many 
antinodes will there be if the frequency is increase to 200 Hz? (b) If the tension is increased by a 
factor of 4, at what frequency will the string continue to oscillate as a standing wave that looks 
like the one in the figure? 
 

 
 

17.7.  Model:  Reflections at the string boundaries cause a standing wave on the string. 
Solve:  (a) When the frequency is doubled to 200 Hz the wavelength is halved 1

02( ).λ λ′ =  This halving of the 

wavelength will increase the number of antinodes from 4 to 8. 
(b) Increasing the tension by a factor of 4 means  

4 2T T Tv v v
µ µ µ

′
= ⇒ ′ = = =  

For the string to continue to oscillate as a standing wave with four antinodes means 0.λ λ′ =  Hence, 

0 0 0 0 0 02 2 2 2 200 Hzv v f f f f f fλ λ λ λ′ = ⇒ ′ ′ = ⇒ ′ = ⇒ ′ = =  

That is, the new frequency is 200 Hz, twice the original frequency. 
 
 
Problem 17.22 
Two loud speakers emit sound waves along the x-axis. The sound has maximum intensity when 
the speakers are 20 cm apart. The sound intensity decreases as the distance between the speakers 
is increased, reaching zero at a separation of 60 cm. (a) What is the wavelength of the sound?  
(b) If the distance between the speakers continues to increase, at what separation will the sound 
intensity again be a maximum? 
 
17.22.  Model:  Interference occurs according to the difference between the phases ( )φ∆  of the two waves.  
Solve:  (a) A separation of 20 cm between the speakers leads to maximum intensity on the x-axis, but a separation of 60 
cm leads to zero intensity. That is, the waves are in phase when 1( ) 20 cmx∆ =  but out of phase when 2( ) 60 cmx∆ = .  
Thus, 

2 1( ) 2(60 cm 20 cm) 80 cm
2

x x λ λ∆ − (∆ ) = ⇒ = − =  

(b) If the distance between the speakers continues to increase, the intensity will again be a maximum when the separation 
between the speakers that produced a maximum has increased by one wavelength. That is, when the separation between 
the speakers is 20 cm 80 cm 100 cm.+ =  
 
 
Problem 17.41 
A violinist places her finger so that the vibrating section of a 1.0 g/m string has a length of  
30 cm, then she draws her bow across it. A listener nearby in a 20° C room hears a note with a 
wavelength of 40 cm. What is the tension in the string? 
 

17.41.  Model:  The wave on a stretched string with both ends fixed is a standing wave. 
Solve:  We must distinguish between the sound wave in the air and the wave on the string. The listener hears a sound 
wave of wavelength sound 40 cm 0.40 m.λ = =  Thus, the frequency is 



sound

sound

343 m/s 857 5 Hz
0 40 m

vf
λ

= = = .
.

 

The violin string oscillates at the same frequency, because each oscillation of the string causes one oscillation of the air. 
But the wavelength of the standing wave on the string is very different because the wave speed on the string is not the 
same as the wave speed in air. Bowing a string produces sound at the string’s fundamental frequency, so the wavelength of 
the string is 

string 1 string string2 0 60 m (0 60 m)(857 5 Hz) 514 5 m/sL v fλ λ λ= = = . ⇒ = = . . = .  

The tension is the string is found as follows: 

2 2S
string S string( ) (0 001 kg/m)(514 5 m/s) 260 NTv T vµ

µ
= ⇒ = = . . =  

 
Problem 17.44 
A 75 g bungee cord has an equilibrium length of 1.20 m. The cord is stretched to a length of  
1.80 m, then vibrated at 20 Hz. This produces a standing wave with two antinodes. What is the 
spring constant of the bungee cord? 
 

17.44.  Model:  The stretched bungee cord that forms a standing wave with two antinodes is vibrating at the second 
harmonic frequency. 
Visualize: 
 
 

 
 

 
Solve:  Because the vibrating cord has two antinodes, 2 1 80 mLλ = = . .  The wave speed on the cord is 

cord (20 Hz)(1 80 m) 36 m/sv f λ= = . =  

The linear density of the cord is cord s / .v T µ=  The tension ST  in the cord is equal to ,k L∆  where k is the bungee’s 
spring constant and L∆  is the 0.60 m the bungee has been stretched. The linear density has to be calculated at the 
stretched length of 1.8 m where it is now vibrating. Thus, 

2 2
s cord

cord
(0.075 kg)(36 m/s) 90 N/m

/ (1.80 m)(0.60 m)
T mvk Lv k

m L L Lµ
∆

= = ⇒ = = =
∆

 

 
Problem 17.62 
Two loudspeakers emit sound waves along the x-axis. A listener in front of both speakers hears a 
maximum sound intensity when speaker 2 is at the origin and speaker 1 is at x = 0.50 m. If 
speaker 1 is slowly moved forward, the sound intensity decreases and then increases, reaching a 
maximum when speaker 1 is at x = 0.90 m. (a) What is the frequency of the sound? Assume 
vsound = 340 m/s. (b) What is the phase difference between the speakers? 
 

17.62.  Model:  Interference occurs according to the difference between the phases of the two waves. 
Visualize: 
 



 
 

Solve:  (a) The phase difference between the sound waves from the two speakers is 

02 xφ π φ
λ
∆

∆ = + ∆  

We have a maximum intensity when 0.50 mx∆ =  and 0.90 m.x∆ =  This means 

0 0
(0 50 m) 0 90 m2 2  rad 2 2( 1)  radm mπ φ π π φ π

λ λ
. . + ∆ = + ∆ = + 

 
 

Taking the difference of these two equations gives 

sound0 40 m 340 m/s2 2 0 40 m 850 Hz
0 40 m

vfπ π λ
λ λ

.  = ⇒ = . ⇒ = = =  . 
 

(b) Using again the equations that correspond to constructive interference, we find 

0 0 20 10
0 50 m2 2 rad rad
0 40 m 2

m ππ φ π φ φ φ.  + ∆ = ⇒ ∆ = − = − . 
 

We have taken 1m =  in the last equation. This is because we always specify phase constants in the range π−  rad to  
π rad (or 0 rad to 2π rad). 1m =  gives 1

2π−  rad (or equivalently, 2m =  will give 3
2  rad)π .  

 
 
Problem 17.A  
In the figure below, 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 vF = 50.00 
km/h, and the U.S. sub at vUS = 70.00 km/h. The French sub sends out a sonar signal (sound wave 
in water) at 1.00 × 103 Hz. Sonar waves travel at 5470 km/h. (a) What is the signal’s frequency as 
detected 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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