P12.34

PI236

P12.38

P12.40

Pi242

P12.44

142 5; 0499 m

‘(a) see the solution;

{b) 9.85 B\ s? agreeing with the accepted
value within 0.5%;
(0) 9.85 mfs?

@) 2095 b)408% - - e

see the solution

see the solution

(a) 2.95 Hz; (b} 2.85 cm
either 1.31 Hz or 0.641 Hz
1.56 cm

{(a) 0.500 m/s; (b} BS6cm |

(@) 158 cm; (b)-159 cn;
(c) see the solution; {d) 51.1 m; (e) 50.7 m

@2, 0 aﬁﬁu

P1246

P12.48

P12.5¢

P1252

Pi254

P12.56

P12.58

PI2.60

(a) 0.3681 mys; (b} 351 cm;
{c) see the solution; (d) 0.0406];
{e) 00277}

.. ?WHH..AI.N Bu..u.._i?c mLE“

(b) at x=+173 m; () 0.0980 m;
(d) 0.0524s

(a) decreased by 0.735 m;
(b) increased by 0.730 s;
(c) decreased by 120 J;
{d) see the solution

(a) 356 Hz; (b) 279 Hz; (c) 210 Hz

@ WT\H +.M.wep\. ® NB‘EMWF

(a) k=174 Nfmz6%;
{b) k=182 N/mx3% showing agreement;
(¢} 8 grams £12% showing agreement

(2) see the solution; (b) see the solution;
(c) see the solution; (d) see the solution;
{e) see the solution; (f) 0.281 Hz;

- {g) decreases; (h) increases; (i) increases;
(j) decreases

(2) see the solution; (b) 42.2 min ;
(c) they arrive at the same time

g 1|

Mechanical Waves

CHAPTER QUTLINE

131 Propagationofa )

jp Ditubence ANSWERS TO QUESTIONS

13.3  The Traveling Wave

134 The$ of Transverse
Emcmwwﬂn Strings Q3.1 To use a slinky to create a longitudinal wave, pull a few coils back

135 Reflection and and release. For a transverse wave, jostle the end coil side to side.
Transmission of Waves

13.6  Rate of Enesgy Transfer
by Sinusoidal Waves on T . ’
Strings Q132  From v= a\[\.. , we must increase the tension by a factor of 4.

137 Sound Waves #

13.8 The Doppler Effect

13.9  Context N
Connection—Seismie 0133 It depends on from what the wave reftects. If reflecting from a less
Waves dense string, the reflected part of the wave will be right side up.

Q134  Thesection of rope moves up and down in SHM. Its speed is always changing. The wave continues on
with constant speed in one direction, setting further sections of the rope into up-and-down motion,

Q135  As the source frequency is doubled, the speed of waves on the string stays constant and the
wavelength is reduced by one half.

13.6  As the source frequency is doubled, the speed of waves on the string stays constant.

Q137  Higher tension makes wave speed higher. Greater linear density makes the wave move more
slowly.

Q138  Asthe wave passes from the massive string to the less massive string, the wave speed will increase
according to v= Q.M‘n . The frequency will remain unchanged. Since = fi, the wavelength must
increase.

Q139  Amplitude is increased by a factor of /2 . The wave speed does not change.

Q1310 Sound waves are longitudinal because elements of the medium-—parcels of air—move parallel and

antiparallel to the direction of wave motion.

361




iid that a perfect vacuum surrounds the dock. The sound waves require a medium for them

7el tO yout eat. This hammer on the alarm will strike the bell, and the vibration will spread as
waves through the body of the clock. If a bone of your skull were in contact with the clock,
“would hear the bell. However, in the absence of & surrounding medium like air or water, no

‘Q13.12

Q1313

Q13.14

Q13.15

TTTQI3ds T

ind can b radiated away. A larger-s¢ale exaniple of the saime effect: Colossal storms raging on the
{in are deathly still for us.

What happens to the sound energy within the clock? Here is the answer: As the sound wave
¢ravels through the steel and plastic, traversing joints and going around corners, its energy is

-converted into additional internal energy, raising the temperature of the matexrials. After the sound

has died away, the clock will glow very slightly brighter in the infrared portion of the
electromagnetic spectrum.

The frequency increases by a factor of 2 because the wave speed, which is dependent only on the
medium through which the wave travels, remains constant.

When listening, you are approximately the same distance from all of the members of the group. If
different frequencies traveled at different speeds, then you might hear the higher pitched
frequencies before you heard the lower ones produced at the same time. Although it might be
interesting to think that each listener heard his or her own personal performance depending on
where they were seated, a time lag like this could make a Beethoven sonata sound as if it were
written by Charles Ives.

He saw the first wave he encountered, light traveling at 3.00 %10% mfs. At the same moment,
infrared as well as visible light began warming his skin, but some time was required to raise the
temperature of the outer skin layers before he noticed it, The meteor produced compressional waves
in the air and in the ground. The wave in the ground, which can be called either sound ora seismic’
wave, traveled much faster than the wave in air, since the ground is much stiffer against
compression. Our witness received it next and noticed it as a little earthquake. He was no doubt
unable to distinguish the P and S waves. The fixst air-compression wave he received was a shock
wave with an amplitude on the order of meters. It transported him off his doorstep. Then he could
hear some additional direct sound, reflected sound, and perhaps the sound of the falling trees.

For the sound from a source not o shift in frequency, the radial velocity of the source relative to the
observer must be zero; that is, the source must not be moving toward or away from the observer.
The source can be moving in a plane perpendicular to the line between it and the observer, Other
possibilities: The source and observer might both have zero velocity, They might have equal
velocities relative to the medium. The source might be moving around the observer on a sphere of
constant radius. Even if the source speeds up on the sphere, slows down, or stops, the frequency
heard will be equal to the frequency emitted by the source.

Wind can change a Doppler shiff Gt cannot cause orie, Bothi 5, aiid 7 ifi our equations must be
interpreted as speeds of observer and source relative to the air. If source and observer are moving

.- .._relative to each other, the observer will hear one shifted frequency in still air and a different shifted

frequency if wind is blowing. If the distance between source and observer is constant, there will
never be a Doppler shift.
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Q1317  Let At =1, ~f, represent the difference in arrival times of the two waves at a station at distance

-
d=0v,, =v,t, from the hypocenter. Then d = Af A 1
LA
station places the hypocenter on a sphere around it. A measurement from a second station limits it
to another sphere, which intersects with the first in a circle. Data from a third non-collinear station
will generally limit the possibilities to a point.

. Knowing the distance from the first

SOLUTIONS TO PROBLEMS

Section13.1  Propagation of a Disturbance

PF13.1 Replace xby x-vi=x—45t

6
to get _—_——
8 Y ex—a50° +3]
P13.2 y(m)
08p-+-

STeTTTSYSTITITOUTS Lt
HE T T B R

FIG.P13.2

Secton 13.2 The Wave Model

Section 13.3  The Traveling Wave
400 vibrations 4 425 em
P13.3 e = [l iy}
%05 3 1z v="ops - 25 ems

_v_425 coys _ _
==, -9 em=[030m




P13.6

Pi3.7

©

@

'the observations, we have A=120m and f= H.wwom . Therefore,
(800
-mY —— |=| 0.800 .
ElGrprd
Let u=107t-37x+ m mw.n 107z - mam =0 ata point of constant phase

dx 10
=5 BE

The velocity is in the | positive x-direction |.

N Fa
(0100, 0)=(0.350 m) mETU.wSa + Mu =—005¢8 m= E

o=2rf=10%: H.!.E

v, = m =(0.350(10x) cos| 10m¢-3mx+ Mu By max = Qca.xo.wmcvumm.oaxm

y=(00200 m)sin(211x~362¢) inSlunits ~ A=[200em |

2z
k=211 radfm a=—=[2%m
. ]
=3.62 rad =—=[0576 Hz
@ rad/s f o

@ 2z _3.62
S e B

®

()

e 0

G

(©)

N"N"ND-HEHPSB
f 655
wnwlauu.mmhlullumq radfm
A 4m -

In y = Asin{kx— ot + ¢) we take A=12 cm, At x=0 and =0 we have y=(12 cm)sing. To

rnake this fit y=0, we take ¢=0. Then | y=(120 cm)sin{{1.57 rad/m)x—(31.4 rad/s)t) |

The transverse velocity is .W.FH =~ Awcos(kx - t). Its maximum magnitude is

Aw=12 cm(31.4 1ad/s) HE

dv, g
=—fr=_2( — ot =—Aw?sin(kx~
ay=— e..»ﬁ Awcos(ke - ot} =-Ae? sin(kx ~ 24)

The maximum value is Ao® =(012 EvﬁwH» s7! vp HE.
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*P13.8 At time ¢, the phase of y=(15.0 cm)cos(0.157x ~50.3f) at coordinate x is

$=(0157 radfem}x—(50.3 rad/s)t . Since 60.0°

¢p=0a H.Wm. rad , or (since x, =0),

x

=Z rad, the requirement for point B is that

3

(0157 radfcm)xg -(50.3 rad/s) =0-(50.3 a&&ﬁm rad.

This reduces to xp = 30 w“m_“..w “M o) ME .

P13.9 (a) A=y, =800cm=00800m
Therefore,

Or (where ¥{0, =0 at t=0)

[15)] In general,
Assuming
then we require that
or

Therefore,

P1310  y=(0120 ava:hmiﬁzw

27 2x
k=2Z . 2T 785m
7 (0800 m) "

=27 f =2n(3.00)=6.007 rad/s
y=Asin{kx + @)

[y=(0.080 0)sin(7.85x +67£) m |

y=0.080 0sin(7.85x + 67+ )
¥(x, 0)=0 at x=0.100 m
0=0.080 0sin{0.785 + ¢)
¢=-0.785

[y=0.080 0sin(7.85x + 62— 0.785) m |

(a) v, = M|w_ : v, =(0.120)(47) nomhm.« + &«&
©,(0.200 5, 1.60 m) uE
a, HM|“_“ a, =(-0.120 m)(dz)* mm:ﬁ.wnu+»ﬁu

7 _2r _
2.2 [0
7
eumuwmbg
T 0500s

2,(0200 5, 160 m)=[0]

P
H
i




P13.12

y(x, t)=Asin{kc + oi+¢)
4(0, 0)= Asing=00200m

Bl Acosd= 20 s

dtly, o
2z 27
EH[H[]I.HNO.QN
T 002508 _ /s

2 2
2.2 (%Y 2 2 {200 mfs
bl.ﬁ +hau =(0.0200 m) A.‘ll.me.oa._.mu

A=[00215m)

Asing 00200 o o,
= "IN.m =t
® Acosp g 1=tnd

Your calculator's answer tan~ (-2.51)=-1191ad hasa =mmwm<m sine and positive cosine,
just the reverse of what is required. You must look beyond your calculator to find

p=m-119 EQHE
© Dy m=A@=00215 m(80.07fs) .uE

@  A=0,T=(300 mfs)(0.025 08) =0.750 m

.IINH._J.‘.MH“..I"W.WW\B

"4 0750 m
[(x, )=(0.0215 m)sin(8.38x rad/m+ 8007t rad/s+195 rad) ,

@=800xfs

. Py 13y
The linear wave equatien 15 L=
q ot ot o
1* y= NﬁNISV
“then W _ b and Lt
e e ww wx
&y =pPptet™ and o'y _ g2 blx-at) )
.m|"~|| vie an wwﬂlw '3
. . 2 2
Therefore, W.hlw.u v* m , demonstrating that A=) 35 5 solution
X
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Section 13.4 The Speed of Transverse Waves on Strings

P13.13

P13.14

*P13.15

P13.16

The down and back distance is 400 m+ 400 m=8.00 m.

. d 4(8.00 m) T
Th d is th ool =40/ = =
e speed is then vy 0800 s 40.0 mfs P
0.200 kg
Now, = =5 %
ow, =T 500x107* kg/m
So T = ={5.00x107 kg/m)(400 sy’ =[800N .
T=Mg is the tension; 0= ‘H = ‘lzh = _w_mmlm. =L s the wave speed.
M ko m i
2
Then, Mg I
< 4

L 160 m(£00x107 kg)

and g=—3= nIIHmm B\mu
ME* 3,00 kg(3.61x107 s
Since p is constant, = Hw = .H.Iw and
vz Y1
v ) 30.0 m/s ;
T,=] 2| Ty =| = 00 N)y=§ 13. .
PN ﬁeﬂu 1 T.o.c B\L (600 N)=} 135N
From the free-body diagram ~ mg=2T sinf
. 7=
2siné
i g3 =._W
The angle #is found from cosf= .M| ==
3 4 FIG. P13.16
~LO=414°
T 2
@ =y V= s 980 s it
u 2usindl4 2{8.00x10 kg/m}sin41.4°
or »=|[304 s o

Jkg
®) v =600=304Jm and E




et A represe
ZpV = pAL and alsoas m=4lL.

'

2
Thien we have p=pA u.a%.
Iz
wpd®
, P
Thus, h T w

(nXs920)f100x10°)"

For copper, +=(200 =0137 s
7% (20.0) (Has0) .
ij2
forste o) @ mS%.SxE.JN o102
or steel, =(30. @50 =0.192s

The total time is 0.137+0.192={ 03295 |

"Section 13.5 Reflection and Transmission of Waves

Pi318  (a) I the end is fixed, there is inversion of the pulse Euob reflection. Thus, when they meet,
they cancel and the amplitude is l

2A=2(0.150 éuE.

Section 13.6 Rate of Energy Transfer by Sinusoidal Waves on Strings

P »mwnw.h 600 Hz w=27 f=1207 radfs
S 4 i - .
F=—po’A el..ﬁ uauca {0.100y*(30.0)=[ 107 KW |

o i e

) If the end is free, there is no inversion on reflection. When they meet, the amplitude is -
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P1320  p=300 g/m=300x10" kg/m
A=150m
f=500Hz  o=2zf=34 g
24=0I50m A=750x107 m

(a) y=Asi llu &w

?n?%xs.%iﬁﬁuw:&

® o=t uprato=1{a00x10° )19 (750x107) @wws [FreB W]

2 2

FIG. P13.20

P1321  A=500x10Zm  p=400x107 kg/m #=300W - T=100N

Therefore, V= Wumcb mfs
2(300
%th&f»f »* = N,M = (300) .
2 pAv ?st.uxmsxsi (50.0)
@ =346 radfs
=2 .[5518z
o~ | 21 B2

*p13.22  Originally,
1

% ==peA*
l pt v
&u.ﬂl Subwgwl
2 u
"I..u_.ws N\.N..\.Hh

The doubled string will have doubled mass-per-length. Presuming that we hold tension constant, it
can carry power larger by J2 times.

J29 ;m 242, fTou

Section 13.7 Sound Waves
P13.23  Since tygn > Douna’ d = (343 mfs)(16.2 5)=[556km]|




P13.30

n_ __300m

v 343 mfs
Aoem= = (0246m, Al=A"-A=|138
7139757 m [138mm]

v 340 mys

A=—=
f 600x10% s”

P13.31

P13.27  The sound speed is v =331-m/s+0.6-m/s-°C(26°C) =347 mfse e

{a) Let # represent the time for the echo to return. Then

nulsu&% myfs 24107 WIE.

®) Let Af represent the duration om Em vawm

P13.32

JUUE 7 T DS I -y

R e Pt

F T mxatf s 1343
*P1328  (2) I f=24MHz, 2=b 1200 M e
F24x10%5
() I f=1MHz, a= muﬁm 150 mm |
S
1500 mys
If f =20 MHz, A== =[750
f z A LI

P13.29 AR, =poos,, Emmae?a

2T pvPs,, 2m120)(343) Am.moxslmv

SRy T 0840 =[581m]

max
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@  a=[20m]
2=qaz=0400 m=[S00 e}

®  s=200 Bm?m.de.c% 0)- (858)(3.00x 10 : =[0.233
© Vo = A@=(2.00 Exmmm m.J = E

K=2E o 2z
» {0100 m)

2rp 2738 S) g0 0t s

H=—=

2 (0100 m)

Therefore, | AP={0.200 N/m? }sin{628 3/m— 216x10%tfs} |

AP = PO = (120 kgfm® ) 2(2000 5343 mys)(zoox107? m)

=628 m™

Section 13.8 The Doppler Effect

. flo+ve)
ﬁwu H.l ﬁ¢|ﬁmw

. (343 +25.0) _
H...NWDOG&I#Q.SLE
343 +(-250))
r=2 ﬁ A...ho.eu| 208 kHz

wmwil@.& . .
n um.mmwmwirhmownmnmnocmzmwmm
soo 220 |- (2 whie

343+250

= 2500 23— (200)

uu 2.40 kHz | after police car passes




115/min
——ee—— |=}2
60.0 m\:mL 0 radfs

=wA= ﬁuc EQ\mx.._mcxHoum Bv E

The heart im: is a moving observer.

5 Aia&ﬁw%og Evﬁ%wu (20000285 1z

Now the heart wall is a moving source.

=15 0w v g T - (Ao TR
f %e w ( m&TmS EEL 0000578 Hz
Approaching ambulance: _. S ._:u|..n-||...-.i....
{1-vs/m)
Departing ambulance: fr D S
ﬁlﬁlum\ﬂ&
Since f'=560 Hz and f” =480 Hz mmoﬁ |liwlmm¢?+ u
104025 =800
moc
Vg = ﬁwhmv B\ml 26.4 B\m

The maximum speed of the speaker is described by

1

Ia_euﬁx = IFAN

200N
Vrnax d\l J\ mSw\maamSé 1.00 m/s

The frequencies heard by the stationary cbserver range from

fain™ Aieé? H?Lﬁ%lu

f
_I e s e e
[

wheze v is the speed of sound.

;o 343 mfs _

ain &smNT& m/s+1.00 a.L- M
S . _ 343 m/s

?ﬁuggﬁw&a\m HSEL 441 Hz

P13.37

P13.39
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v
r-13%)

- )
&msmiguﬁb,m&ﬁ@

485(340) +(485)(9.801 ; }= (512(340)

_(512-485 340

wauh o uwmcn:wwm
i . _183 _
dy =gt} =183 m: froam = 5> = 00538 s

The fork continues to fall while the sound returns.
frotarfan =¥ +Ergrurn =193 5+ 00538 5=1.985 5

A u.w.werE_ HE

(a) v=(331 [ 325 mys |

®) Approaching the bell, the athlete hears a frequency of

y e+e0u

Ai?ag
v—

After passing the bell, she hears a lower frequency of

. £
The rati i =z

e ratio is I e+ﬁ0 m

sa v 325 nys
which gives 6v—6v, =5v+5v, or eoumu%a_\n 29.5 mfs

(@) Sound moves upwind with speed (343 —15) m/s. Crests pass a stationary upwind point at

frequency 900 Hz.
_v_38mys_
Then A= f 900/s E
L : v (343+15) m/s
) By similar logic, A= M % E
) The source is moving through the air at 15 m/s toward the observer. The observer is

stattonary relative to the air,
v+7, 343+0
f= .A v 900 i = mw 941 Hz

(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.

_dBFT, 343+30 373
f LTTSw:meznhm&uzm@:@omuﬁ guuﬁ




xt Connection—Seismic Waves . P1343
The | longitudinal | wave travels a shorter distance and is moving faster, so it will arrive at
WBATSE. . e e e e
The wave that travels through the Earth must travel
a distance of 2Rsin30.0°=2(6.37x10° m)sin30.0°=6.37 x10° m
at a speed of 7800 nvs
3
Therefore, it takes 837x10° m =817 s e
7800 m/s
The wave that travels along the Earth’s surface must travel
“adistnesof sZRo=RZ ..m@w& X105 m
at a speed of 4500 m/s
. 6.67 x10°
Therefore, it takes ——me =T 482
4500 s
The time difference is E =111 min
*Pi3.45
The distance the waves have traveled is o = (7.80 km/s)t=(450 km/s)(#+173 5)
where # is the fravel ime for the faster wave.
Then, (7.80- 450)(kmy/s) =(4.50 kmy/s)(17.3 5)
4.
or t= (450 km/s)(17.3 ) —236s
- (7.80-450) km/s
and the distance is 4=(7.80 km/s)23.6 s)=[184km .
Additional Problems F13.46

P1342  Assume a typical distance between adjacent people ~1m.
Ar__1m

: ,1\1:\lt\[[“\.‘?mn‘ﬁm wavespeedis yETSm———=
. P At 01s L E
R Eo&.& the stadium as a circle with a radius of order 100 m. Then, the time for one dtcuit around the
stadium is
_2ar _2n{10%)

"o g e lmin]
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Assuming the incline to be frictionless and taking the positive x-direction to be up the incline:
Y.E,=T-Mgsin@=0 orthe tension in the string is T=Mgsing

o T _ gwabm.u ‘a.w_..mm:m.
e miL m

The speed of transverse waves in the string is then

= |

The time interval for a pulse to fravel the string’s lengthis At = W =L g% = ‘EMW:Q
1,2
Mgr==kx
& 2
) T=ke=[2ZMg
®)  Le=lgtx=|Ly+ Nw@
2M;

© cu%n ‘mu gmaw?l J

/] m m k

2

Let M = mass of block, 7= mass of string. For the block, 3" F =ma implies T = % _ jmer. The

r
speed of a wave on the string is then

v=_|—= =rw,(—
By E m
r 1 Im

f=—=—I—

v oM
m _ [0.0032kg
=gt=,]—= J-———= =] (. 3rad
R L ILLZETY

(a} Assume the spring is criginally stationary throughout, extended to have alength L much
greater than its equilibrium length. We start moving one end forward with the speed vat
which a wave propagates on the spring. In this way we create a single pulse of compression

that moves down the length of the spring. For an increment of spring with length dx and

k
mass dm, just as the pulse swallows it up, ¥, F=ma becomes kdx =adm or Wﬁsu a.But

2
“lsutmoanw,.ﬁmo\numn.w rmb.S.uQ.wEm.ue?moauwh...mmnmmsmﬁmgc
x H
expressions for 2, we have k |H or|v= Lo
! u L 7

2
®) Using the expression from part (2) v = m = ;% =




[,

()

®

()

PI3.4% (a)

T ®

©

i=

eJ\I gﬁ Fi Ewh

Then £= .ﬁ di= ;Ww%iwwﬁ-ﬁ% ..

_\N E
w.,..: Tm.f _Sqwhw hgwhu
g m

When M =1, as in the previous problem,
m\2
As m— 0 we expand Jm+ M Haﬁu}ﬂu u)\a‘

to obtain =2 |—

At distance ¥ from the bottom, the tensionis T= hi&m.u+§m- so the wave speed is:

T VBT 4 3/ R}~ i)~

g m

L{1 |m L
Eﬁm ,,,L_. My

1 1 b @ W o
&nvum\h&naueuw.hafmm u@nhﬂu 4 o andly P

. P
70)=| A

29
76

4450 km

P850 w=— e —=468 kayh=[130 nys |

LA
g

ﬁ.»_wo ﬁ.& =|1730 m

{80 mys?)
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P13.5F (a} #{x) is a linear function, so it is of the form Hx)=mx+b
To have p(0)= gty werequire b=y, Then  gfL)= gy =mL+p,
30 LT Ho
L
Then uixy = M: -
) From © lm the Hime required to move from x to x +dx i _m 2% The time required to move
from0toLis
L L
dx ¢ dx
M={—=|—x% p(x)dx
el 7l
L (o~ o) w. Th Jj A L w
— v i .
a_.l Mh L 0 L Hy =ty
Yz L
» "Pﬁ L Yla-sm)e, V1
VT Lptp ~ g L 3 N
2L e
W =H
ma_w.m...?w - ) A w
o 2l =it Yo it + 1)
ma\ﬂa\hlnla‘ho : e+t
A= 2L Hhh +ofHL sy .Itaw
3T Hi Tt
P13.52  Sound takes this time to reach the man: mm-;wxE =532x107% s
343 my's

so the warning should be shouted no later than
before the pot strikes.

Since the whole time of fall is given by y ulw.m*uu

the warning needs tc come

into the fall, when the pot has fallen

to be above the ground by

P13.53  Since cos® @+sin? 81,

AP =APR,,, sinfkz - wf)=

0300 545321072 §=0.353 5

1825 auw?mo m/s?)¢

t=193s
1935-03535=1585

.w?.mg m/s*}1585)* =122 m

200 m-12.2 auE

sind=1y1—cos? & (each sign applying half the time)

HPOOS yyf1 - 005" (k- 0t)

Therefore

AP=1pD &,\m.wpx =82, 052 (kx w 2t) = 200052




..Hm..nv.nvwﬁ as observér Mgasies a lower Doppler-shifted freqtiency:

e _Aiﬁuu?.&usi-%ﬁ%m@wug

v+, . gy 197 +(-1.56) n
“ ={0.667 min™1) ————{=[0,
f A u (0.667 min uﬁ o7 u 0.614/min
The cyclist's speed has decreased very significantly, but there is only a modest increase in
the frequency of trucks passing him.

020 4=2 = 2650x10 nys)185 5)=[EOTEm .
fr=Lo = f-rep{g-2)
Af = Eeewﬂwiv = epmﬁ& = Hm“. f
130 km/h=36.1 mfs . pf = 2AB61XA00) Hxés sﬁ

w%T

*P13.57 wu\ﬂﬂw.lv
ver

Bdiver Hh
2 f

= VUgiver neﬁalww

with 7=343 m/fs, f=1800 Hz and f’=2150 Hz

we find

50 1o

T80

Ddiver = wmwﬁ Py GHL HE.

(b) It the waves are reflected, and the skydiver is moving into them, we have

v

e e a..uw\?._.e&‘ﬁ.vnv%aﬂ‘_“ v gne+e&<ﬂv
v Tu.ldmh.e.n_.v

” (343+55.8)
so f"=1800 =|2 .
S0 g ~ 2500 ez |
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FIG. P13.58(a)
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Use the Doppler formula, and remember that the bat is a moving source. I the velocity of the insect
is vy,

(340 -+ 5.00)(340 - »,)

A04=200 - 5.00)(340+v,)

Solving, v, =3.31 mys. Therefore, | the bat is gaining on its prey at 1.69 m/s |

(a) If the source and the observer are moving away from each other, we have: &5 — &, =180°,
and since ¢05180°=-1, we get Equation 13.30 with negative values for both v, and v;.

b} If 95 =0 m/s then f'= —y f - Also, when the train is 40.0 m from the intersection,
v— vz cosb
and the car is 30.0 m from the intersection, cosé; uw s0
343
fr= my's (500 Hz)

343 myfs—0.800{25.0 mys)

or f'=(531 Hz |. Note that as the train approaches, passes, and departs from the
intersection, & varies from 0° to 180° and the frequency heard by the observer varies from:

343 m/s ‘
- = 500 Hz)=539 H:
Frwe = eiemnomo",w 343 m/s - 25.0 mfs " 2) “
v 343 m/s P
ro= (500 Hz) =466 H
o vvg cos180° = 345 m/s+250 mfs ) *




