Chapter 17 Solutions

17.1 Since Vjight >> Usound, 4 = (343 m/s)(16.2 5) =|5.56 km

Goal Solution

G: There is a common rule of thumb that lightning is about a mile away for every 5 seconds of
delay between the flash and thunder (or ~3 s/km). Therefore, this lightning strike is about
3 miles (~5 km) away.

O: The distance can be found from the speed of sound and the elapsed time. The time for the
light to travel to the observer will be much less than the sound delay, so the speed of light
can be ignored.

A: Assuming that the speed of sound is constant through the air between the lightning strike and
the observer,

d
vs=x7 Or d=v, At =(343 m/s)(16.2 s) =5.56 km

L: Our calculated answer is consistent with our initial estimate, but we should check the
validity of our assumption that the speed of light could be ignored. The time delay for the
light is

d 5560 m
. —_,—e——— e — -5
bight =2 =300 x 108 mys — o0 X 107s

and At = tyyung — tight = 16.25 - 1.85 X 105 s = 16.2 s (When properly rounded)

Since the travel time for the light is much smaller than the uncertainty in the time of 16.2 s,
tight can be ignored without affecting the distance calculation. However, our assumption of a
constant speed of sound in air is probably not valid due to local variations in air temperature
during a storm. We must assume that the given speed of sound in air is an accurate average
value for the conditions described.

B 2.80 x 1010
17.2 v='\/%=‘\’m= 1.43 km/s

17.3 Sound takes this time to reach the man:

(20.0 m — 1.75 m)
343m/s

=5.32x1072s

so the warning should be shouted no later than

0.300s +5.32x102s=0.353s before the pot strikes.
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2 Chapter 17 Solutions

Since the whole time of fall is given by
1 1
y=5 gt 1825m =>(9.80 m/s?) 2

t=193s

the warning needs to come 1.93 s —-0.353 s = 1.58 s
into the fall, when the pot has fallen %(9.80 m/s?)(1.58s)2=122m
to be above the ground by 20.0m-122m=

17.4 v(air) =343 m/s and wv(salt water) = 1533 m/s

Let d = width of inlet ¢ = zfl—;t+4.50= Z—,sod— +4.50= Z—

w w

4500,0,  (4.50)(1533)(343)
A= = 1ss3_za3  —LL2km

9000
175  (a) At9000 m, AT = (ﬁ) (=1.00°C) =-60.0°C so T = -30.0°C

Using the chain rule:

d_v dvdex_ dodT
dt “dTdxdt

— 0(0.607) (L) - 22—7 ,so dt = (247 s)%

= YdTdx
t d
fodt =(247s)f”f%’

) o\ 331.5 + 0.607(30.0)
£=(2475)In (v,) =(247s)In [331.5 +0.607(-30.0)

150

t= for sound to reach ground
h 9000
) = =515+ 0.607(30.0)] -

It takes longer when the air cools off than if it were at a uniform temperature.

v 340m/s
17.6 Fromxl—f , we get: /1_60.0 10051~
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Chapter 17 Solutions

17.7 It is easiest to solve part (b) first:

(b) The distance the sound travels to the plane is d; = Vh2 + (h/2)> =h\5 /2

The sound travels this distance in 2.00 s, so

d, = h;/g = (343 m/s)(2.00 5) = 686 m

2(686
giving the altitude of the plane as h = 2(686 m) =

\5

(a) The distance the plane has traveled in 2.00 s is v(2.00 s) = h/2 = 307 m

. 307 m
Thus, the speed of the plane is: v = 5005 - 153 m/s

17.8 AP ax = PUDS max

APmaX (400 x 1073 N/mz) —10
Sy =00~ (120 kg/m)(343 m/5)2A(100 % 107 1) ~ L2510 m

27
179  (a) A=[2.00um A=z =0400m = [40.0 cm|
o 858
v=7 =157 = 54.6m/s

(b) s =2.00 cos [(15.7)(0.0500) — (858)(3.00 x 10-3)] =
(©)  Upax = A® = (2.00 um)(858 s71) =

1710 (a) AP =(1.27 Pa)sin(mx/m —340xt/s) (SI units)

The pressure amplitude is: AP,y =
(b) w=2nf=340r/s,s0f=|170 Hz

(c) k= a—n =n/m, giving A =
(d) v=Af=(2.00 m)(170 Hz) =
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Chapter 17 Solutions

2 2
T___ % _8ml

k== (0.100 m)

_2mv 2m(343m/s)
A 7 (0.100 m)

=216x10%s!

Therefore, |AP = (0.200 Pa) sin[62.8x/m - 2.16 x 10%/s]|

B _2mv 2m(343m/s)
® =27 =3~ ==0.100 m)

=216x10%rad/s

AP ax (0.200 Pa)

_ _ — -8
Smax = 00~ (120 kg/mO) (343 m/9)(2.16 X 107 sy — 22> 107m

2 2
T___ % _8ml

k=7 (0.100 m)

Therefore, |s = Spmax COs(kx — wt) = (2.25 x 1078 m) cos(62.8x/m — 2.16 x 104t/s)|

a e sound "pressure" is extra tensile stress for one-half of each cycle. en it becomes
(a) Th d"p " il f half of each cycle. When itb
(0.500%)(13.0 x 1019 Pa) = 6.50 x 108 Pa, the rod will break.

Then/ APmax = PUWSmax

APrax 6.50 x 108 N/m?
max ="pow  (8.92x 10° kg/m3)(3560 m/s)(27500/5)

(b) From s = sy, cos(kx — wt)

Js
U == = —@WSmax Sin(kx — wt)

VUmax = @max = (2£500/8)(6.52 mm) = |20.5 m/s

APy = Pa0Smay = (1.20 kg /m?)[272(2000 s71)](343 m /s)(2.00 x 105 m)

21v
APmax = PO Smax = PU (T) Smax

27T P05 max
- AIJIl’laX

_ 27(1.20)(343)%(5.50 X 106)
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Chapter 17 Solutions

17.16 (a) AP = AP, sin [kx — ot + ¢] with AP, = 4.00 Pa
AP(0,0) = AP, sin ¢=0= ¢ =0
o =2nrf=2m(5000 s7!) = 7x 10* s7!
Therefore, AP = (4.00 Pa) sin (kx — wx 10%t/s)

Atx=0,t=2.00x10%s, AP = (4.00 Pa) sin (0 -2.007) = [0]

(b) k=

Atx=0.0200m, t = 0, AP = (4.00 Pa) sin [(91.5 m~)(0.0200 m) - 0]

AP =(3.87 Pa
I 4.00 x 10-°
1717 fB=10log (K) =10log (W) =166.0 dB

I
17.18 (a) 70.0dB=10log (1.00 <1012 W/m‘z)

Therefore, I = (1.00 x 10-12 W/m2)10700/10) = [1.00 x 105 W /m?|

(b) I=AP.,. /2pv,s0

AP, = \2pvl =4/2(1.20 kg/m3)(343 m/s)(1.00 x 105 W /m?)
AP = 190.7 mPa
1 2
17.19 =5 PWPSmax U

(a) Atf=2500Hz, the frequency is increased by a factor of 2.50, so the intensity (at constant
Smax) INcCreases by (2.50)? = 6.25.

Therefore, 6.25(0.600) = |3.75 W/m?
(b) 0.600 W/m?
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6 Chapter 17 Solutions

1
17.20  The original intensity is I; = 5 pa)zsrzmx v= 27'£2pvf25r2naX

(a) If the frequency is increased to f' while a constant displacement amplitude is
maintained, the new intensity is

2
I 2ﬂ2PU(f')5max I L
1, = 27200 vzsz SO T =~ > =\ f o |k={F)!
2= 2P0 Voma S0 = A (f ) )

(b)  If the frequency is reduced to f' = f/2 while the displacement amplitude is doubled, the
new intensity is

2
I, = 2m*pv (%) (25max)* = Zﬂzpvfzsrznax =1

or the |intensity is unchangedl .

1721 (a) I = (1.00 x 1012 W/m2)10(61/10) = (1.00 x 10-12 W /m?2)1080.0/10
or I;=1.00x10*W/m?2
I, = (1.00 x 10-12 W/m2)10(B2/19) = (1.00 x 1012 W /m?2)10750/10

or [,=1.00x10*5W/m?=31.6x10°W/m?

When both sounds are present, the total intensity is

I=1 +L=100x104W/m?+ 31.6 x 10° W/m?2 = [1.32 x 104 W/m?|

(b) The decibel level for the combined sounds is

1.32x 104 W/m?2 o
B=10 1og(1.00 —T W/mz) =10 log(1.32 x 108) = [81.2 db
. I, L
17.22  We begin with 3, = 10 log | and B, =10 log 7|50
0 0
I,
B- B :1010g(1—)
1

I 71)2
Also, I, = ZSO—Z ,and I; = Z‘O_z , giving1—2 :(—1)
1

Ty 7re )

r 2 r
Then, 3, - B, =101log (r_) =120 log (r_)
2 2
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17.23  Since intensity is inversely proportional to the square of the distance,

2
APL. (10.0)2 .

Iy= m Ioa

The difference in sound intensity level is

Iy xm
AB=101log ({L) =10(~200) = -20.0 dB

0.4 km
At 0.400 km,
0.121 W/m?
Bos=101log (m) =110.8 db
At 4.00 km,

Ba=Bos+AB=(110.8 -20.0) dB =90.8 dB

Allowing for absorption of the wave over the distance traveled,

Bi = By - (7.00 dB/km)(3.60 km) =

This is equivalent to the sound intensity level of heavy traffic.

Goal Solution

G: Ata distance of 4 km, an explosion should be audible, but probably not extremely loud. So
based on the data in Table 17.2, we might expect the sound level to be somewhere between
50 and 100 dB.

O: From the sound pressure data given in the problem, we can find the intensity, which is used to

find the sound level in dB. The sound intensity will decrease with increased distance from
the source and from the absorption of the sound by the air.

A: At a distance of 400 m from the explosion, AP,,,, = 10 Pa.

. _ (10 N/m?)? _ 2
At this point, I, = 2(1.20 kg/m) (343 m/s) ~ 0.121 W/m

Therefore, the maximum sound level is

Imax 0.121 W/m?
Brmax = 10 log (T) =101log (1.00 SR /mz) =111dB
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8 Chapter 17 Solutions

From equations 17.8 and 17.7, we can calculate the intensity and decibel level (due to distance
alone) 4 km away:

_ 1(400 m)>

I'= 4000 m)?

I 1.21 x 1073
=121x103W/m? and B=10 log(l—) =10 log(loof:w) =908 dB
0 .

At a distance of 4 km from the explosion, absorption from the air will have decreased the
sound level by an additional A = (7 dB/km)(3.6 km) =25.2 dB

So at 4 km, the sound level will be ;= f— A =90.8 dB-25.2dB = [65.6 dB

L: This sound level falls within our expected range. Evidently, this explosion is rather loud
(about the same as a vacuum cleaner) even at a distance of 4 km from the source. Itis
interesting to note that the distance and absorption effects each reduce the sound level by
about the same amount (~20 dB). If the explosion were at ground level, the sound level would
be further reduced by reflection and absorption from obstacles between the source and observer,
and the calculation would be much more complicated (if not impossible).

17.24 Let r; and r, be the distance from the speaker to the observer that hears 60.0 dB and 80.0 dB,
respectively. Use the result of problem 22,

r r
B, - B, =201og (é) , toobtain 80.0 - 60.0 = 20 log (é )

4
Thus, log (r—l) =1, so r=100r,. Also: r;+r, =110m, so
2

10.0r, + 1, = 110 m giving [r, = 10.0m], and

17.25 We presume the speakers broadcast equally in all directions.
(a)  7ac=43.002 +4.00> m =5.00m
I= o /4mr? =1.00 x 10~ W/4m(5.00 m)? = 3.18 x 10 W/m?

B =10dB log (3.18 X 10-® W/m?/10-2 W/m?)

B=10dB 6.50 =

(b) rpc = 447 m
I=1.50 %103 W/4n(4.47 m)? = 5.97 x 107 W /m?

B =10dB log (5.97 x 1076/101?)

p=[67.5 ds]
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(c) I=318uW/m?+597 uW/m?2
B=10dB log (9.15 x 10-6/10-12) = [69.6 dB

1726 1=725  where I=1.20 W/m?

@ = 4m = 47(4.00)%(1.20) = [241 W

I
17.27 40.0dB=10dBlog (m)

I
4.00 = log 012
I=10"12(1.00 x 10%) = 1.00 x 108 W/m?2

@ =4n72] = (47)(9.00)(1.00 x 10-8) = [1.13 yW

1
*17.28 Inl= o intensity I is proportional to p

. I 7’12

so between locations 1 and 2: =7

1 1)
1 . . . 2 I Sz%
Inl= 2 PU(WSmax)?, intensity is proportional to sy, SOI_ ==
1 S1

$2\2 (11)? _ (1\? (r1)* . .
Then, | =| ={—| orlz| ={—]|, giving r, =2r; =2(50.0 m) = 100 m
S1 19 2 18]

But, 7, = V(50.0 m)?2 + 42 yields d =

I
17.29 fB=10log (W) [ =[106/19](1012)W /m?

1(120 dB) =1.00 W/mz, 1(100 dB) = 1.00 x 10_2 W/mz, 1(10 dB) = 1.00 x 10_11 W/l’l’l2

(a) g =4nri so that rf L= r% I

1.00
ra= /172 = GO0 m) \[7555 757 =
(0) r2=r(i/B)/? = 3.0 M)\ [Tooaer = [049 X 10° m
S ‘ 1.00 x 10-11 ~ L=
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10 Chapter 17 Solutions

17.30 (a)

(b)

*17.31 (a)

(b)

17.32  (a)

(b)

(c)

E = ot =4t = 47(100 m)2(7.00 x 102 W/m?)(0.200 s) = [1.76 k]

The sound intensity inside the church is given by
B =10 In(I/1I)
101 dB = (10 dB) In(I/10"12 W/m?)

[=10'1(10-12 W/m?) = 1019 W/m? = 0.0126 W /m?

We suppose that sound comes perpendicularly out through the windows and doors. Then,
the radiated power is

© =IA = (0.0126 W/m2)(22.0 m2) = 0.277 W

Are you surprised by how small this is? The energy radiated in 20.0 minutes is
E = gt =(0.277]/5)(20.0 min)(60.0 s/1.00 min) = | 332 ]

If the ground reflects all sound energy headed downward, the sound power, g =0.277 W,
covers the area of a hemisphere. One kilometer away, this area is
A =2mr? =2m(1000 m)? = 27 x 10° m2.

The intensity at this distance is

_p __0277W -8 2
I= 8 e 441X 105 W/m

and the sound intensity level is

441 x 108 W/m?
B=(10dB)In (1.00 T W/mz) =[46.4dB

25.0 25.0
AP = ~ 100" 6.25 Pa

o 1870 ..
V= 105 - 1496 m/s so the material is

APpax  (6.25)2
~2pv  (2)(1000)(1496)

1.31 x 10-5
B=10 log(m) =(71.2 dB

=131 x10°W/m?2
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(d) AP= (%) sin [(1.25)(5.00) — (1870)(0.0800)] =

(a) f‘=f(viv—vs)

g —0%3)
Approach: f'=320 (343 40.0) =362.2Hz

i ) B
Receding: f' =320 343 + 40.0) =286.5 Hz

The change in frequency observed = 362 — 287 = |75.7 Hz
v 343m/s
(b) A= 7 362z - 0.948 m

,_flw+00) o
(a) f'= Wt where from observer to source is positive.
s

o (343 +25.0)
f —2500—(343_40.0) =(3.04 kHz
. (343 -25.0)
(b)y f'= 2500—(343 T200) - 2.08 kHz
343 - 25.0
(o) f'= ZSOOW =12.62 kHz| while police car overtakes

343 + 25.0
f'= ZSOOW =12.40 kHz| after police car passes

Approaching car
f'= - (Equation 17.14)
Us
()
v
Departing car

f'= S — (Equation 17.15)

=

© 2000 by Harcourt College Publishers. All rights reserved.
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Since f' =560 Hz and f " = 480 Hz,

560 (1 - U—S) — 480 (1 + U—S)
0 0

Us
1040— =80.0
v

~80.0(343) 3
Us =040 m/s=|264m/s

Goal Solution
G: We can assume that a police car with its siren on is in a hurry to get somewhere, and is

probably traveling between 20 and 100 mph (~10 to 50 m/s), depending on the driving
conditions.

: We can use the equation for the Doppler effect to find the speed of the car.

: Approaching car: '=—L (Eq. 17.14)
1% g q

US
v
Departing car: f" = L (Eq. 17.15)
v
(1 + v_s)

Where f' =560 Hz and f" = 480 Hz. Solving the two equations above for f and setting them
equal gives:

f'(l—%) =f”(1+%) or flofr =g+ )

. _of' —f") _(343m/s)(560 Hz —480 Hz) _
so the speed of the source is vy, = i (560 Tz + 480 T12) =[264m/s

This seems like a reasonable speed (about 50 mph) for a police car, unless the street is crowded
or the car is traveling on an open highway.

115/min

*17.36 (a) w=2af= ZE(m) =12.0rad/s

Umax = @A = (12.0 rad /s)(1.80 X 103 m) = [0.0217 m/s

(b)  The heart wall is a moving observer.

v 1500

v+o 1500 + 0.0217
fr=f ( O) = (2,000,000 Hz) (&) =[2 000 028.9 Hz
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(c) Now the heart wall is a moving source.
fr-f (
- v
17.37 f _f(v n Us)

485 =512 (¢)

v 1500
— Us) = (2,000,029 Hz) (m) = |2 000 057.8 Hz

340 + 9.80tfan

485(340) + (485)(9.80t) = (512)(340)

512 — 485') 340
tf:( 185 )980 =193s

== gt =183 m

18.3
Froturn = 30 - 0.0538 s  The fork continues to fall while the sound returns.

ttotal fall = tf + treturn =193s+0.0538s=1.985s

1 -
dtotal = 5 g frotal fall =

17.38 (a) The maximum speed of the speaker is described by

1 1
5 mvlznax =5 kA2

,20 ON/m
Umax = k/m 5.00 k (O 500 m) =1.00m/s

The frequencies heard by the stationary observer range from

fon ~S{575) o S A5

where v is the speed of sound.

. 343m/s B
fmin =440 Hz (343 m/s +1.00 m/s) =439 Hz

— 343m/s B
fimax =440 Hz (343 m/s—1.00 m/s) = [441 Hz

© 2000 by Harcourt College Publishers. All rights reserved.
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(b)

42
B =10dB log (I/I)) = 10 dB log (‘O/I i )
0
The maximum intensity level (of 60.0 dB) occurs at r = 7, = 1.00 m. The minimum

intensity level occurs when the speaker is farthest from the listener (i.e., when
7= Vmax = Fmin + 24 = 2.00 m).

47" min 47[107’r2nax

Thus, Boex — Buin = 10 dB log (JOZ—) ~10dBlog (JO—)

%) 47rIOrr2naX 7’r2nax
Or  Brax = Brmin = 10 dB log 5 =10dBlog| 5—
Anlyrmin &

"min

This gives: 60.0 dB — B, = 10 dB log(4.00) = 6.02 dB, and B, = [54.0 dB

(v +vp)

f = oz o)

(a)

(b)

(a)

(b)

. (343+40.0)
f'=3201353 v 200y ~ 1338 Hz
L (343+200)
f'=510033 1 q0.0) ~ 1483 H2
[T [ -l00C
v=331m/s)\[1 + 73°C = 331m/s)\ |1+ 730 = 25m/s

v+
Approaching the bell, the athlete hear a frequency of f' = f ( O)

0

V-0
After passing the bell, she hears a lower frequency of f" = f ( > O)

U —0p
v+vog 67

The ratio is jj:—, = which gives 6v — 6vg = 50 + 5vg

v 325m/s
or  Vo=T7 =T g =129.5m/s
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. Usound Usound 1 5
AL s 0= = 2 00sumg 120 o=

(&h
17.42  The half angle of the shock wave cone is given by sin 6 = %
S

e e =[x/
US=Gne = sin(33.0°) _ 282x10°m/s

. v 1 o
17.43 (b) sinf= s ~3.00 6=195
h
tan@ = xX= tan 0

20000 m
e 4 =
X= 1950 =5.66 x10*m = |56.6 km

5.66 x 10*
(a) It takes the plane t = L _2X T M to travel this distance.

Observer {

Observer hears the boom

v 1
= qiml — = qinl — = °
1744 0O =sin 75 =sin 1.38_

© 2000 by Harcourt College Publishers. All rights reserved.
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Let d be the distance the stone drops.

d+(\/§ Us)ﬁ —Ust =0
2
1 p) 20
d=——’\/: v +\’—+4vt)
V— 2( g S g S

VT = (-155.0 +4/38000)
2

Choose the positive root so that ‘\/E >0
\d =200
i-

If the speed of sound is ignored,

. fzd’
t= —_—
g

1
d=% gt>=5l0m

The percentage error is given by

d'd;d =0275=

Model your loud, sharp sound impulse as a single narrow peak in a graph of air pressure versus
time. It is a noise with no pitch, no frequency, wavelength, or period. It radiates away from
you in all directions and some of it is incident on each one of the solid vertical risers of the
bleachers. Suppose that, at the ambient temperature, sound moves at 340 m/s; and suppose
that the horizontal width of each row of seats is 60 cm. Then there is a time delay of

0.6 m
Ga0om/s) - 0.002s
between your sound impulse reaching each riser and the next. Whatever its material, each
will reflect much of the sound that reaches it. The reflected wave sounds very different from
the sharp pop you made. If there are twenty rows of seats, you hear from the bleachers a tone
with twenty crests, each separated from the next in time by

2(0.6 m)

m ~0.004 s

© 2000 by Harcourt College Publishers. All rights reserved.
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This is the extra time for it to cross the width of one seat twice, once as an incident pulse and
once again after its reflection. Thus, you hear a sound of definite pitch, with period about

0.004 s, frequency

1
e

wavelength

_ B0 gy

0
’l:f ~7(300/s)

and duration

20(0.004 s) ~
343
*17.47  (a) A:J% =ﬁ —[0232m

(b) B=81.0dB=10dBlog [I/(10-2W/m?)]

1
I= (1072 W/m?)10%10 = 1039 W/m? = 1.26 x 104 W/m? = > PVAPS s

2(1.26 x 104 W/m?
(1.26 /1) 7 =[841x 107 m

21
Smax = \/pva)z ~ \ (1.20 kg/m3)(343 m/s)472(1480 s

M/ _ ) 246m ML:”_)“:

CA
© =7 =T35751

17.48  Since cos? @+ sin?0=1 sin 8= +(1 — cos? 9)1/2

each sign applying half the time.
AP = AP, sin (kx — wt)

= +PUWSy [1 — cos?(kx — wt)]1/2
= £P0 [Smax — Simax COS%(kx — F)]1/2

= £P0(sman —59)1/2
*17.49 The trucks form a train analogous to a wave train of crests with speed v = 19.7 m/s and

2
unshifted frequency f = 300min - 0.667 /min.

The cyclist as observer measures a lower Doppler-shifted frequency:

v-v 19.7 - 4.47
O) = (0.667/min) (19—7) - [0.515/min

f'=f( .

(a)

© 2000 by Harcourt College Publishers. All rights reserved.



18

*17.51

*17.52

Chapter 17 Solutions

1

b) f" =f(v _UUO) = (0.667 /min) (1919#) _

The cyclist’s speed has decreased very significantly, but there is only a modest increase
in the frequency of trucks passing him.

1
- = 3 -
d= > —2(6.50><10 m/s)(1.85s) =16.01 km

Call d the distance to the reflection point. We have
2d = (6.20 km /s)t
and 2d =(3.20 km/s)(t + 2.40 s)

To solve for d we eliminate t by substitution:

o
~6.20km/s

2d s

t 2d = (320 km/s) (— +2.40 s)

6.20 km

2d =1.03d + 7.68 km

_ 7.68 km

4==0963 :

(a) From the equation given in Example 17.1, the speed of a compression wave in a bar is

v =4Y/p =4(20.0 x 10" N /m?) /(7860 kg/m3) = |5.04 x 103 m/sl

(b)  The signal to stop passes between layers of atoms as a sound wave, reaching the back end
of the bar in time

t=L/v=(0.800m)/(5.04x103m/s) =[1.59 x 10~* s

(c)  Asdescribed by Newton’s first law, the rearmost layer of steel has continued to move
forward with its original speed v; for this time, compressing the bar by

AL =0t = (120 m/s)(1.59 x 104 5) = 1.90 x 103 m =
(d) The strain in the rod is: AL/L = (1.90 X 10 m)/(0.800 m) = |2.38 x 103

(e) The stress in the rod is:

o= Y(AL/L) = (20.0 x 101 N/m?)(2.38 x 10-3) = [476 MPa

Since o > 400 MPa, the rod will be permanently distorted.
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(f)

(a)

(b)

Chapter 17 Solutions 19

We go through the same steps as in parts (a) through (e), but use algebraic expressions
rather than numbers:

The speed of sound in therod isv =4Y/p .

The back end of the rod continues to move forward at speed v; for a time of

t=L/v= L‘\/ p/Y , traveling distance AL = v;t after the front end hits the wall.
The strain in the rod is: AL/L=vit/L =v\p/Y

The stress is then: o= Y(AL/L) = Yo\lp/Y = v,-‘\/ pY

For this to be less than the yield stress, oy, it is necessary that

o
vApY <o, or vi<—-L

\py

With the given numbers, this speed is 10.1 m/s. The fact that the length of the rod
divides out means that the steel will start to bend right away at the front end of the rod.
There it will yield enough so that eventually the remainder of the rod will experience
only stress within the elastic range. You can see this effect when sledgehammer blows
give a mushroom top to a rod used as a tent stake.

S
f —f(v - vdiver)

50 1- Odiver _ L,
v f
= Udiver = U(l _%)

withv =343 m/s, f' = 1800 Hz and f = 2150 Hz

we find

1800
Vdiver = 343 (l - ﬁ) =|55.8m/s

If the waves are reflected, and the skydiver is moving into them, we have

' (U + Z)diver)

frop e el

(4 :| (U + vdiver)
(% vdiver) 0

o (343 +55.8)
0 f"=1800 {35555 = (2500 Hz
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Chapter 17 Solutions

Goal Solution
G: Sky divers typically reach a terminal speed of about 150 mph (~75 m/s), so this sky diver

should also fall near this rate. Since her friend receives a higher frequency as a result of the
Doppler shift, the sky diver should detect a frequency with twice the Doppler shift:
f'=1800 Hz + 2(2150 — 1800) Hz = 2500 Hz.

We can use the equation for the Doppler effect to answer both parts of this problem.

Call f, = 1800 Hz the emitted frequency; v, , the speed of the sky diver; and f, = 2150 Hz, the
frequency of the wave crests reaching the ground.

(a) The sky diver source is moving toward the stationary ground, so we use the equation

fg =fs (U fvs)

1. 1800 Hz

and v,=v (1 - Jé) = (343 m/s) (1 - m) =558m/s

(b) The ground now becomes a stationary source, reflecting crests with the 2150-Hz frequency
at which they reach the ground, and sending them to a moving observer:

v+ 0, .
) 9150 (343 m/s +55.8m/s

fer =fg( B m/s )=2500 Hz

The answers appear to be consistent with our predictions, although the sky diver is falling
somewhat slower than expected. The Doppler effect can be used to find the speed of many
different types of moving objects, like raindrops (Doppler radar) and cars (police radar).

17.54

(a) f'= fr=

. N 1 1
fr-f :fv(v—u B v+u)

. Ej”fuz)
v (1-5
2(u/v)

Af_ 1-— (MZ/UZ)

(b) 130km/h=36.1m/s

v 2(36.1)(400) 3
o= (36.1)2 -
Y e
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17.55

Use the Doppler formula, and remember that the bat is a moving source

If the velocity of the insect is v, ,

404 40,0320 + 500340 - v,)
+ = 2340 - 5.00)(340 + o,)

Solving,

0, =331m/s

Therefore |the bat is gaining on its prey at 1.69 m/ s|

1
17.56 sin f=— =

vs Ny
h = 0(12'8 S) \\\\shock front
x=vs(1008) IVX\\(\'JL’
\ B v~
h [ 1.28 h } e s/hock front
tan B = _12805 No, [r-
sinff 1
cos = tan 3 1.28
B=238.6°
N ! _ 1.60
MTsin g~
*17.57 (a)

(b) A=

,_ U U(v-Us _(343-40.0)m/s
(© A=p7 f( v )‘ Tt = 2303 m]
) A= v (343 + 40.0) m/s

Fr T 10008 -[0383 m]
e f =f(§ - UO) (1000 11z 382300 m/s
- Us

(343-40.0)m/s ~
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17.58

17.59

17.60

Chapter 17 Solutions

At =L 1 _L :chu_vair
Uair  Ucu VairUcu

L= VairUcu Af = (331 m/s)(356 x 103 m/s)
B Uy — Vair B (3560 - 331) m/s

(a) 120 dB=10dB log [[/(102 W/m?)]

(6.40 x 1073 5)

[=1.00W/m2= p/4m>

A |2y 000W
r=\/2a1 =\ Ta(t.00 W/m3) - 0691 m

We have assumed the speaker is an isotropic point source.
(b) 0dB=10dBlog (I/1012 W/m?)

I=1.00x 10712 W/m?

N 6.00 W )
"=\/1m ‘\/4;:(1.00 <102 W/m?) ~ 1091 km

We have assumed a uniform medium that absorbs no energy.

The shock wavefront connects all observers first hearing the plane, including our observer O
and the plane P, so here it is vertical. The angle ¢ that the shock wavefront makes with the
direction of the plane’s line of travel is given by

o $=9.97°

Using the right triangle CPO, the angle 0 is seen to be

0=90.0°~ ¢=90.0°~9.97° =
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0—-7

. L . N , o
17.61 When observer is moving in front of and in the same direction as the source, f' = f where
s

v-v
vp and vg are measured relative to the medium in which the sound is propagated. In this case
the ocean current is opposite the direction of travel of the ships and

0o =45.0 km/h - (- 10.0 km/h) = 55.0 km/h = 153 m/s, and

vg=64.0km/h - (-10.0 km/h) =74.0 km/h =20.55m/s

1520 m/s - 15.3
Therefore, f' = (1200.0 Hz) 725 rrnn//ss_ 20'55mm//ss -[12042 Hz

17.62  We suppose the sound level is uniform over the outer surface of area

2(0.400 m)(0.400 m) + 4(0.400 m)(0.500 m) = 1.12 m?
The intensity is given by
40.0 dB = 10 dB log(I/10-12 W/m?)
[=10"12+4W/m? =10 W/m?
The sound power is
©=IA=112x108W

So the oven's energy efficiency as a sound source is

§/ Pinpue = (1.12x 108 W) /(1.00 X 103 W) = | 1.12 x 10!
OUsound . 331
—cinl| —m——— | = A —_—] = o
17.63 (a) O=sin (v . )—sm (20.0><103)_ 0.948

. 153 -
(b) 0=sm1(m)=

2nv
17.64  APpax = pOUSmax = P (T) USmax
Also, AP and s are 90° out of phase.

2ﬂ'pvzsmax
Therefore, AP = - — ] cos (kx — ot)
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17.65

17.66

17.67

17.68

17.69

Chapter 17 Solutions

For the longitudinal wave v; = (Y/p)!/?

For the transverse wave v = (T/u)'/2

where y = z and

If ire—L = 800, we have T = Zo—
we requlrevT = 0.UU, we nave _640p i3

mass m
P=Yolume ~ 7r2L

L or2Y  m(2.00 x 1073 m)?(6.80 x 10! N/m?) T
This gives T = a0 - ) =11.34 x 104 N

1 1
25557 #1 /31—/32—1010gE
80.0— B, = 101og 20.0 = +13.0

P GAT

0300 x 10° ]
= 22500 m)(10- 2 W/m3)(109)

The total output sound energy is eE = @t, where @ is the power radiated.

eE ¢eE eE
Thus, t :E 1A~ (4nr?)]
But, B=10log || . Therefore, I = I,(105/1%) and f = |[——t
ut, B= og R erefore, I = I( and t = A7r2T,(10P/10)

(a) If the source and the observer are moving away from each other, we have: 65= 6, = 180°,
and since cos180° = -1, we get Equation 17.17 with the lower signs.

v

(b) If vo=0m/s, thenf'= 2~ s cos 6

f

Also, when the train is 40.0 m from the intersection, and the car is 30.0 m from the
intersection,

c0595=g SO

, 343m/s .
f = 33 m/s - 0800250 mys) 0 H2) o f1=]531 Hz
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*17.70 Let T represent the period of the source vibration, and E be the energy put into each wavefront.

17.71

Chapter 17 Solutions

Note that as the train approaches, passes, and departs from the intersection, 65 varies

from 0° to 180° and the frequency heard by the observer varies from:

. v B 343m/s
f max " v-vgcos 0° f_343m/s—25.0m/s

(500 Hz) =539 Hz

v 343m/s
7 —0s 05 180° | =383 m/s + 25.0mys (000 HZ) =466 Hz

i =

Then g,, = E/T. When the observer is at distance r in front of the source, he is receiving a

spherical wavefront of radius vt, where ¢ is the time since this energy was radiated, given by

vt —vgt =r. Then,

r
T v - g

47022
The area of the sphere is 47(vt)? = % . The energy per unit area over the spherical
—Us
(@avT(U - Z]S)z

E
wavefront is uniform with the value — = =
A 4movcr

The observer receives parcels of energy with the Doppler shifted frequency

v v
f'=f (v — Us) “To—0q) ’ so the observer receives a wave with intensity

I= E . g)avT(U_US)2 (% _ Pav (U — Vs
_(A)f B 4 w22 (T(v—vs))_ a2\ v

(a) The time required for a sound pulse to travel distance L at speed v is given by

t=

Shie

=———=. Using this expression we find

VY/p

L L
b = 1 _ 1
VY1/p1 V(7.00 x 101° N/m2) /(2700 kg /m?)

=(1.96x104Ly)s

150 m-1L,

t, =
2 ‘Vyz/Pz

1.50m-L,
V(1.60 x 101 N/m?)/(11.3 x 103 kg /m?) L

L,

or t=(126x103-840x10*L,)s

) 150 m
* " AJ(11.0 x 101 N/m?)/ (8800 kg/m)

t

ty=424x10%s
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We require t; + t, =t3, or
196 x 104 L; + 1.26 x 103 -840 x 104 L; = 4.24 x 10*
This gives L; = 1.30 m and L, = 1.50 - 1.30 = 0.201 m

L
The ratio of lengths is then L—l =16.45
2

(b)  The ratio of lengths L,/L, is adjusted in part (a) so that ¢; + t, = t3. Sound travels the
two paths in equal time and the phase difference, .

17.72 Let 6=6)logR,I=kR:

I
= = _ 0: —_—
B 1010g(1—) 10 log I -10log Iy = 10 log kR — 10 log I,
0

or fB=101log R +10(log k —log I;) =10 (0%) + 10(log k — log 1)

1 k
B= (9—0) 0+ 10 log (I_) « the equation of a straight line. [y = mx + b]
0 0

*17.73 To find the separation of adjacent molecules, use a model where each molecule occupies a
sphere of radius 7 given by

average mass per molecule
Pair = 4

i3
3
4.82 x 1020 k 3(4.82 x 1026 kg) | 1/3
3 - - -9
or 120kg/m’= o T —[ 47(1.20 kg /m0) =212x107m
3

Intermolecular separation is 2r = 4.25 x 10 m, so the highest possible frequency sound wave is

0

3 v 3M3m/s 10 -
Jmax =7 =y TE5 x 109 m - OO X 10T Hz
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