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Halliday/Resnick/Walker 7e  

Chapter 17 – Waves II 
 

2. (a) When the speed is constant, we have v = d/t where v = 343 m/s is assumed. Therefore, with 

t = 15/2 s being the time for sound to travel to the far wall we obtain d = (343 m/s) × (15/2 s) 
which yields a distance of 2.6 km. 

 

(b) Just as the 1
2
factor in part (a) was 1/(n + 1) for n = 1 reflection, so also can we write 

 

( ) ( ) ( )343 1515s
343m/s 1

+1
d n

n d

 = ⇒ = − 
 

 

 

for multiple reflections (with d in meters). For d = 25.7 m, we find n = 199 22.0 10≈ × . 

 

3. (a) The time for the sound to travel from the kicker to a spectator is given by d/v, where d is 

the distance and v is the speed of sound. The time for light to travel the same distance is given by 

d/c, where c is the speed of light. The delay between seeing and hearing the kick is ∆t = (d/v) – 
(d/c). The speed of light is so much greater than the speed of sound that the delay can be 

approximated by ∆t = d/v. This means d = v ∆t. The distance from the kicker to spectator A is  
 

dA = v ∆tA = (343 m/s)(0.23 s) = 79 m. 
 

(b) The distance from the kicker to spectator B is dB = v ∆tB = (343 m/s)(0.12 s) = 41 m. 
 

(c) Lines from the kicker to each spectator and from one spectator to the other form a right 

triangle with the line joining the spectators as the hypotenuse, so the distance between the 

spectators is 

 

( ) ( )2 22 2 79m 41m 89mA BD d d= + = + = . 

 

5. Let tf be the time for the stone to fall to the water and ts be the time for the sound of the splash 

to travel from the water to the top of the well. Then, the total time elapsed from dropping the 

stone to hearing the splash is t = tf + ts. If d is the depth of the well, then the kinematics of free 

fall gives 21
2 fd gt= , or 2 / .ft d g= The sound travels at a constant speed vs, so d = vsts, or ts = 

d/vs. Thus the total time is 2 / / st d g d v= + . This equation is to be solved for d. Rewrite it as 

2 / / sd g t d v= −  and square both sides to obtain  

 

2d/g = t
2
 – 2(t/vs)d + (1 + 

2

sv )d
2
. 

 

Now multiply by g 2

sv  and rearrange to get  
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gd
2
 – 2vs(gt + vs)d + g

2

sv t
2
 = 0. 

 

This is a quadratic equation for d. Its solutions are 

 

( )22 2 2 22 ( ) 4 4
.

2

s s s s sv gt v v gt v g v t
d

g

+ ± + −
=  

 

The physical solution must yield d = 0 for t = 0, so we take the solution with the negative sign in 

front of the square root. Once values are substituted the result d = 40.7 m is obtained. 

 

6. Let �  be the length of the rod. Then the time of travel for sound in air (speed vs) will be 

/s st v= � . And the time of travel for compressional waves in the rod (speed vr) will be /r rt v= � . 

In these terms, the problem tells us that 

 

1 1
0.12s .s r

s r

t t
v v

 
− = = − 

 
�  

 

Thus, with vs = 343 m/s and vr = 15vs = 5145 m/s, we find 44m�= . 

 

7. If d is the distance from the location of the earthquake to the seismograph and vs is the speed 

of the S waves then the time for these waves to reach the seismograph is ts. = d/vs. Similarly, the 

time for P waves to reach the seismograph is tp = d/vp. The time delay is  

 

∆t = (d/vs) – (d/vp) = d(vp – vs)/vsvp, 
 

so 

 

3(4.5  km/s)(8.0km/s)(3.0min)(60s /min)
1.9 10 km.

( ) 8.0km/s 4.5km/s

s p

p s

v v t
d

v v

∆
= = = ×

− −
 

 

We note that values for the speeds were substituted as given, in km/s, but that the value for the 

time delay was converted from minutes to seconds. 

 

9. (a) Using λ = v/f, where v is the speed of sound in air and f is the frequency, we find 
 

5

6

343m/s
7.62 10 m.

4.50 10 Hz

−λ = = ×
×

 

 

(b) Now, λ = v/f, where v is the speed of sound in tissue. The frequency is the same for air and 
tissue. Thus  
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λ = (1500 m/s)/(4.50 × 106 Hz) = 3.33 × 10–4 m. 
 

11. (a) Consider a string of pulses returning to the stage. A pulse which came back just before the 

previous one has traveled an extra distance of 2w, taking an extra amount of time ∆t = 2w/v. The 
frequency of the pulse is therefore 

 

( )
21 343m/s

2.3 10 Hz.
2 2 0.75m

v
f

t w
= = = = ×
∆

 

 

(b) Since f ∝ 1/w, the frequency would be higher if w were smaller. 
 

14. Let the separation between the point and the two sources (labeled 1 and 2) be x1 and x2, 

respectively. Then the phase difference is 

 

1 2 1 2
1 2

2 ( )
2 2

2 (4.40m 4.00m)
4.12 rad.

(330m/s) / 540Hz

x x x x
ft ft

π
φ φ φ π π

λ λ λ
π

−   ∆ = − = + − + =   
   
−

= =
 

 

15. (a) The problem is asking at how many angles will there be “loud” resultant waves, and at 

how many will there be “quiet” ones?  We note that at all points (at large distance from the origin) 

along the x axis there will be quiet ones; one way to see this is to note that the path-length 

difference (for the waves traveling from their respective sources) divided by wavelength gives 

the (dimensionless) value 3.5, implying a half-wavelength (180º) phase difference (destructive 

interference) between the waves.  To distinguish the destructive interference along the +x axis 

from the destructive interference along the –x axis, we label one with +3.5 and the other –3.5.  

This labeling is useful in that it suggests that the complete enumeration of the quiet directions in 

the upper-half plane (including the x axis) is: –3.5, –2.5, –1.5, –0.5, +0.5, +1.5, +2.5, +3.5.  

Similarly, the complete enumeration of the loud directions in the upper-half plane is: –3, –2, –1,  

0, +1, +2, +3.  Counting also the “other” –3, –2, –1,  0, +1, +2, +3 values for the lower-half plane, 

then we conclude there are a total of  7 + 7 = 14  “loud”  directions. 

 

(b) The discussion about the “quiet” directions was started in part (a).  The number of values in 

the list: –3.5, –2.5, –1.5, –0.5, +0.5, +1.5, +2.5, +3.5 along with  –2.5, –1.5, –0.5, +0.5, +1.5, +2.5 

(for the lower-half plane) is 14.  There are 14 “quiet” directions. 

 

16. At the location of the detector, the phase difference between the wave which traveled straight 

down the tube and the other one which took the semi-circular detour is 

 

2
( 2 ).k d r r

π
∆ = ∆ = π −

λ
φ  
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For r = rmin we have ∆φ = π, which is the smallest phase difference for a destructive interference 
to occur. Thus 

 

min

40.0cm
17.5cm.

2( 2) 2( 2)
r

λ
= = =

π − π −
 

 

17. Let L1 be the distance from the closer speaker to the listener. The distance from the other 

speaker to the listener is 2 2

2 1L L d= + , where d is the distance between the speakers. The phase 

difference at the listener is φ = 2π(L2 – L1)/λ, where λ is the wavelength. 
 

For a minimum in intensity at the listener, φ = (2n + 1)π, where n is an integer. Thus λ = 2(L2 – 
L1)/(2n + 1). The frequency is 

 

( ) ( )2 2 2 2

1 1

(2 1) (2 1)(343m/s)
(2 1)(343Hz).

2 2 (3.75m) (2.00m) 3.75m

v n v n
f n

L d L

+ +
= = = = +
λ + − + −

 

 

Now 20,000/343 = 58.3, so 2n + 1 must range from 0 to 57 for the frequency to be in the audible 

range. This means n ranges from 0 to 28. 

 

(a) The lowest frequency that gives minimum signal is (n = 0) min,1 343 Hz.f =   

 

(b) The second lowest frequency is (n = 1) min,2 min,1[2(1) 1]343 Hz 1029 Hz 3 .f f= + = =  Thus, the 

factor is 3.  

 

(c) The third lowest frequency is (n=2) min,3 min,1[2(2) 1]343 Hz 1715 Hz 5 .f f= + = =  Thus, the 

factor is 5.  

 

For a maximum in intensity at the listener, φ = 2nπ, where n is any positive integer. Thus 

( )2 2

1 1(1/ )n L d Lλ = + −  and 

 

2 2 2 2

1 1

(343m/s)
(686Hz).

(3.75m) (2.00m) 3.75m

v nv n
f n

L d L
= = = =
λ + − + −

 

 

Since 20,000/686 = 29.2, n must be in the range from 1 to 29 for the frequency to be audible. 

 

(d) The lowest frequency that gives maximum signal is (n =1) max,1 686 Hz.f =  

 

(e) The second lowest frequency is (n = 2) max,2 max,12(686 Hz) 1372 Hz 2 .f f= = =  Thus, the factor 

is 2. 
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(f) The third lowest frequency is (n = 3) max,3 max,13(686 Hz) 2058 Hz 3 .f f= = =  Thus, the factor is 

3. 

 

21. The intensity is the rate of energy flow per unit area perpendicular to the flow. The rate at 

which energy flow across every sphere centered at the source is the same, regardless of the sphere 

radius, and is the same as the power output of the source. If P is the power output and I is the 

intensity a distance r from the source, then P = IA = 4πr2I, where A (= 4πr2) is the surface area of 
a sphere of radius r. Thus  

 

P = 4π(2.50 m)2 (1.91 × 10–4 W/m
2
) = 1.50 × 10–2 W. 

 

25. (a) Let I1 be the original intensity and I2 be the final intensity. The original sound level is β1 = 
(10 dB) log(I1/I0) and the final sound level is β2 = (10 dB) log(I2/I0), where I0 is the reference 
intensity. Since β2 = β1 + 30 dB which yields 
 

 (10 dB) log(I2/I0) = (10 dB) log(I1/I0) + 30 dB, 

 

or  

(10 dB) log(I2/I0) – (10 dB) log(I1/I0) = 30 dB. 

 

Divide by 10 dB and use log(I2/I0) – log(I1/I0) = log(I2/I1) to obtain log(I2/I1) = 3. Now use each 

side as an exponent of 10 and recognize that 
( )2 1log

2 110 /
I I

I I= . The result is I2/I1 = 10
3
. The 

intensity is increased by a factor of 1.0×10
3
. 

 

(b) The pressure amplitude is proportional to the square root of the intensity so it is increased by 

a factor of 1000 32.=  

 

32. (a) Using Eq. 17–39 with v = 343 m/s and n = 1, we find f = nv/2L = 86 Hz for the 

fundamental frequency in a nasal passage of length L = 2.0 m (subject to various assumptions 

about the nature of the passage as a “bent tube open at both ends”). 

 

(b) The sound would be perceptible as sound (as opposed to just a general vibration) of very low 

frequency. 

 

(c) Smaller L implies larger f by the formula cited above. Thus, the female's sound is of higher 

pitch (frequency). 

 

33. (a) We note that 1.2 = 6/5.  This suggests that both even and odd harmonics are present, 

which means the pipe is open at both ends (see Eq. 17-39). 

 

(b) Here we observe 1.4 = 7/5. This suggests that only odd harmonics are present, which means 

the pipe is open at only one end (see Eq. 17-41). 
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34. The distance between nodes referred to in the problem means that  λ/2 = 3.8 cm, or  λ = 
0.076 m.  Therefore, the frequency is  

 

f = v/λ = 1500/0.076 ≈ 20 × 103 Hz. 
 

35. (a) From Eq. 17–53, we have 

 

(1)(250m/s)
833Hz.

2 2(0.150m)

nv
f

L
= = =  

 

(b) The frequency of the wave on the string is the same as the frequency of the sound wave it 

produces during its vibration. Consequently, the wavelength in air is 

 

sound 348m/s
0.418m.

833Hz

v

f
λ = = =  

 

36. At the beginning of the exercises and problems section in the textbook, we are told to assume 

vsound = 343 m/s unless told otherwise. The second harmonic of pipe A is found from Eq. 17–39 

with n = 2 and L = LA, and the third harmonic of pipe B is found from Eq. 17–41 with n = 3 and 

L = LB. Since these frequencies are equal, we have 

 

sound sound2 3 3
.

2 4 4
B A

A B

v v
L L

L L
= ⇒ =  

 

(a) Since the fundamental frequency for pipe A is 300 Hz, we immediately know that the second 

harmonic has f = 2(300) = 600 Hz. Using this, Eq. 17–39 gives  

 

LA = (2)(343)/2(600) = 0.572 m. 

 

(b) The length of pipe B is 3
4

0.429m.B AL L= =  

 

37. (a) When the string (fixed at both ends) is vibrating at its lowest resonant frequency, exactly 

one-half of a wavelength fits between the ends. Thus, λ = 2L. We obtain  

 

v = fλ = 2Lf = 2(0.220 m)(920 Hz) = 405 m/s. 
 

(b) The wave speed is given by / ,v τ µ=  where τ is the tension in the string and µ is the linear 
mass density of the string. If M is the mass of the (uniform) string, then µ = M/L. Thus  

 
τ = µv2 = (M/L)v

2
 = [(800 × 10–6 kg)/(0.220 m)] (405 m/s)2 = 596 N. 

 

(c) The wavelength is λ = 2L = 2(0.220 m) = 0.440 m. 
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(d) The frequency of the sound wave in air is the same as the frequency of oscillation of the 

string. The wavelength is different because the wave speed is different. If va is the speed of sound 

in air the wavelength in air is  

 

λa = va/f = (343 m/s)/(920 Hz) = 0.373 m. 
 

39. (a) Since the pipe is open at both ends there are displacement antinodes at both ends and an 

integer number of half-wavelengths fit into the length of the pipe. If L is the pipe length and λ is 
the wavelength then λ = 2L/n, where n is an integer. If v is the speed of sound then the resonant 
frequencies are given by f = v/λ = nv/2L. Now L = 0.457 m, so  
 

f = n(344 m/s)/2(0.457 m) = 376.4n Hz. 

 

To find the resonant frequencies that lie between 1000 Hz and 2000 Hz, first set f = 1000 Hz and 

solve for n, then set f = 2000 Hz and again solve for n. The results are 2.66 and 5.32, which 

imply that n = 3, 4, and 5 are the appropriate values of n. Thus, there are 3 frequencies.   

 

(b) The lowest frequency at which resonance occurs is (n = 3) f = 3(376.4 Hz) = 1129 Hz.  

 

(c) The second lowest frequency at which resonance occurs is (n = 4)  

 

f = 4(376.4 Hz) = 1506 Hz. 

 

43. The string is fixed at both ends so the resonant wavelengths are given by λ = 2L/n, where L is 
the length of the string and n is an integer. The resonant frequencies are given by f = v/λ = nv/2L, 
where v is the wave speed on the string. Now /v = τ µ , where τ is the tension in the string and 

µ is the linear mass density of the string. Thus ( / 2 ) /f n L= τ µ . Suppose the lower frequency 

is associated with n = n1 and the higher frequency is associated with n = n1 + 1. There are no 

resonant frequencies between so you know that the integers associated with the given frequencies 

differ by 1. Thus 1 1( / 2 ) /f n L= τ µ  and 

 

1 1
2 1

1 1 1
.

2 2 2 2

n n
f f

L L L L

+
= = + = +

τ τ τ τ
µ µ µ µ

 

 

This means 2 1 (1/ 2 ) /f f L− = τ µ  and 

 
2 2 2 3 2

2 14 ( ) 4(0.300m) (0.650 10 kg/m)(1320Hz 880Hz) 45.3N.L f fτ µ −= − = × − =  

 

45. Since the beat frequency equals the difference between the frequencies of the two tuning 

forks, the frequency of the first fork is either 381 Hz or 387 Hz. When mass is added to this fork 

its frequency decreases (recall, for example, that the frequency of a mass-spring oscillator is 
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proportional to 1/ m ). Since the beat frequency also decreases the frequency of the first fork 

must be greater than the frequency of the second. It must be 387 Hz. 

 

47. Each wire is vibrating in its fundamental mode so the wavelength is twice the length of the 

wire (λ = 2L) and the frequency is / (1/ 2 ) /f v L= λ = τ µ , where ( )/v = τ µ  is the wave 

speed for the wire, τ is the tension in the wire, and µ is the linear mass density of the wire. 
Suppose the tension in one wire is τ and the oscillation frequency of that wire is f1. The tension in 
the other wire is τ + ∆τ and its frequency is f2. You want to calculate ∆τ/τ for f1 = 600 Hz and f2 = 
606 Hz. Now, 1 (1/ 2 ) /f L= τ µ  and 2 (1/ 2 ) ( /f L= + ∆τ τ µ , so 

 

2 1/ ( ) / 1 ( / ).f f = + ∆ = + ∆τ τ τ τ τ  

 

This leads to 2 2

2 1/ ( / ) 1 [(606Hz) /(600Hz)] 1 0.020.f f∆ = − = − =τ τ  

 

49. We use vS = rω (with r = 0.600 m and ω = 15.0 rad/s) for the linear speed during circular 
motion, and Eq. 17–47 for the Doppler effect (where f = 540 Hz, and v = 343 m/s for the speed of 

sound). 

 

(a) The lowest frequency is  

 

0
526 Hz

S

v
f f

v v

 +
′ = = 

+ 
. 

 

(b) The highest frequency is 

0
555 Hz

S

v
f f

v v

 +
′ = = 

− 
. 

 

50. The Doppler effect formula, Eq. 17–47, and its accompanying rule for choosing ± signs, are 
discussed in §17-10. Using that notation, we have v = 343 m/s,  

 

vD = vS = 160000/3600 = 44.4 m/s, 

 

and f = 500 Hz. Thus, 

 

343 44.4
(500 Hz) 500Hz  0.

343 44.4
f f

− ′ = = ⇒ ∆ = − 
 

 

51. The Doppler effect formula, Eq. 17–47, and its accompanying rule for choosing ± signs, are 
discussed in §17-10. Using that notation, we have v = 343 m/s, vD = 2.44 m/s,  

f ′ = 1590 Hz and f = 1600 Hz. Thus, 
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   ( ) 4.61m/s.D
S D

S

v v f
f f v v v v

v v f

 +
′ = ⇒ = + − =  ′+ 

 

 

52. We are combining two effects: the reception of a moving object (the truck of speed u = 45.0 

m/s) of waves emitted by a stationary object (the motion detector), and the subsequent emission 

of those waves by the moving object (the truck) which are picked up by the stationary detector. 

This could be figured in two steps, but is more compactly computed in one step as shown here: 

 

final initial

343m/s  45m/s
(0.150MHz) 0.195MHz.

343m/s  45m/s

v u
f f

v u

 + + = = =   − −   
 

 

53. In this case, the intruder is moving away from the source with a speed u satisfying u/v �  1. 

The Doppler shift (with u = –0.950 m/s) leads to 

 

beat

2 2(0.95m/s)(28.0 kHz)
) 155Hz

343m/s
r s s

u
f f f f

v
= − ≈ = = . 

 

54. We denote the speed of the French submarine by u1 and that of the U.S. sub by u2. 

 

(a) The frequency as detected by the U.S. sub is 

 

32
1 1

1

5470  70
  (1000Hz) 1.02  10 Hz.

5470  50

v u
f f

v u

 + + ′= = = ×   − −  
 

 

(b) If the French sub were stationary, the frequency of the reflected wave would be fr = 

f1(v+u2)/(v – u2). Since the French sub is moving towards the reflected signal with speed u1, then 

 

1 1 2
1

2

3

( )( ) (1000Hz)(5470 50)(5470 70)

( ) (5470)(5470 70)

   1.04 10 Hz.

r r

v u v u v u
f f f

v v v u

+ + + + + ′ = = =  − − 

= ×

 

 

57. As a result of the Doppler effect, the frequency of the reflected sound as heard by the bat is 

 

4 4bat

bat

/ 40
(3.9 10 Hz) 4.1 10 Hz.

/ 40
r

v u v v
f f

v u v v

 + + ′= = × = ×   − −  
 

 


