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P17.6 It is easiest to solve part (b) first:

2
(b) The distance the sound travels to the planeisd, = |h® +(-}21) = h—ZJ-S:

The sound travels this distance in 2.00 S, SO

d, _ﬂ——=(343 m/s)(2.00 s) = 686 m

6
giving the altitude of the plane as h = (68 m) m

(@) The distance the plane has traveled in 2.00 s is v(2.00 s) = —Z— =307 m.

307 m
d of the plane is: v = ={153 .
Thus, the speed of the plane is: v 2005

Y
)

P1711  (a) A=|2.00 um

®)  s=200 cos[(15.7)(o.oso 0)- (858)(3.00x 1072 )] =
© Vumax = Aw = (2.00 (858 1) =

PI712  (a)  AP=(127 Pa)sin(ﬂ-“o”
m

) (ST units)

The pressure amplitude is: AP, , = .
®)  w=27f=3401/s,s0 f=[T70 Hz )
2z CoL.
© k=7=z/m,gv1ngl=
(d) v=Af =(2.00 m)(170 Hz) =




P17.29

2rv
P17.15 AP, = pro Smax = W[T)Smax

s 2 ~
C2mwls,,  2x(120)(343) (550 107)

A= = ={ 581 m
AP 0.840 v [581m]

P1721  I= -;:pa)zs,zmx v

(a) At f=2500 Hz, the frequency is increased by a factor of 2.50, so the intensity (at constant
Smax) iNCreases by (2.50)2 =6.25.

Therefore, 6.25(0.600) = .
.

Since intensity is inversely proportional to the square of the distance,

APE.  (100)*
200 2(1.20)(343)

1 2
[, =—1 dly, = =0.121 W/m*.
4+~ 700 04 and g4 /

The difference in sound intensity level is

AB=10 log[ Lk ] =10(-2.00) = -20.0 dB.

IOA km
At 0.400 km,
0.121 W/m?
=10log| ——=——— |=110.8 dB.
Bos g( 10-2 W/mz )
At 4.00 km, .

Ba =By, +AB=(110.8-20.0) dB =90.8 dB.

Allowing for absorption of the wave over the distance traveled,

‘Tiis is equivalent o the sound intensity levei of heavy trarsic.



P17.31
(1.
P17.37
[Z-
P17.4}

We presume the speakers broadcast equally in all directions.

Fac = V3.002 +4.00% m=500 m
_L00x107° W
47(5.00 m)*

318x10™° W/m?
=10 dBlo
B g( 0% W/m?

B=10dB 6.50= i

rBC = 4.47 m
1 -3
[=130x107 W VZV =597x10"° W/m?
47(4.47 m)
5.97x 1078
0—12

(@)

o

[= =318x10™° W/m?

-~
dxrt

(b)

£=10 dBlog(

p-[E78d8]
=318 uW/m? +5.97 uW/m>

-
B=10dB log[M—J= 69.6 B

0—12

(©

0 383+ 40. (343+400) _
(343 200)

-[7]

343 (343 +20.0) 0)

®) (343 40. 0)

fl

fr=

=

340 - (=980t

485(340) + (485

X

=183 m: t =

return

)(9.80t ) = (512)(340)

2-
512 485) 340 -193s
485 9.80

183—005385

1
d, = —gt?
1 23} 320

- The fork continues to fall while the sound returns.

tiotal fall = bp +torun =193 5+0.05385=1985 s

1 .
= El(.tl‘omi falt =

d

total
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*P17.43 (@) Sound moves upwind with speed (343 ~ 15) mys. Crests pass a stationary upwind point at

- frequency 900 Hz.
Then A =%= 329%0‘/“/5 =[0364 m
s
.. . ’ v (343+15 s
(b) By similar logic, A= 7 = (—97.0/—1__ =[0.398 m
(©) The source is moving through the air at 15 m/s toward the observer. The observer is

stationary relative to the air.
, v+, 343+0 )
= =900 Hz =| 941 Hz
f f(] =t

(d) The source is moving through the air at 15 m/s away from the downwind firefighter. Her
speed relative to the air is 30 m/s toward the source.

f’=f[gigi =90 _l(iw_+_30_ =900 Hz(iﬁ)z 938 Hz
v-v, { 343 -{-15) 358

&

. . . Vlight
P17.45  The half angle of the shock wave cone is given by siné = o

_ Uighe  2.25x10° mys
ST5in6 . sin(53.0°)

=| 2.82x10° mys |

P17.60  Use the Doppler formula, and remember that the bat is a moving source.

If the velocity of the insect is v,

(340 +5.00)(340 - v, )

40.4=40.0 .
(340-5.00)(340 +v,)

Solving,

v, =3.31 mys.

Therefore, | the bat is gaining on its prey at 1.69 mys |.
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P17.64

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

so ¢=9.97°.

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

6 = 90.0°~¢ = 90.0°~9.97° = ..

FIG. P17.64



