Q16.5

Q16.6

Q16.7

Q16.8

Q16.9

Q16.10

Wave Motion

ANSWERS TO QUESTIONS

Q16.1 As the pulse moves down the string, the particles of the string
itself move side to side. Since the medium—here, the
string—moves perpendicular to the direction of wave
propagation, the wave is transverse by definition.

Q16.2  To use a slinky to create a longitudinal wave, pull a few coils
back and release. For a transverse wave, jostle the end coil
side to side.

’T
Q16.3 From v=_|—, we must increase the tension by a factor of 4.
7

Q16.4 It depends on from what the wave reflects. If reflecting from a
less dense string, the reflected part of the wave will be right
side up.

27 vA
Yes, among other things it depends on. v, =wA =27 fA= 7o

. Here v is the speed of the wave.

Since the frequency is 3 cycles per second, the period is % second = 333 ms.

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

The section 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.

Each element of the rope must support the weight of the rope below it. The tension increases with
’T

height. (It increases linearly, if the rope does not stretch.) Then the wave speed v=_|— increases
u

with height.
The difference is in the direction of motion of the elements of the medium. In longitudinal waves,

the medium moves back and forth parallel to the direction of wave motion. In transverse waves, the
medium moves perpendicular to the direction of wave motion.
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Q16.11

Q16.12

Q16.13

Q16.14

Q16.15

Q16.16

Q16.17

Slower. Wave speed is inversely proportional to the square root of linear density.

As the wave passes from the massive string to the less massive string, the wave speed will increase
. fT . . .
according to v=_|— . The frequency will remain unchanged. Since v = f4, the wavelength must
U

increase.

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

The wave speed is independent of the maximum particle speed. The source determines the
maximum particle speed, through its frequency and amplitude. The wave speed depends instead on
properties of the medium.

Longitudinal waves depend on the compressibility of the fluid for their propagation. Transverse
waves require a restoring force in response to sheer strain. Fluids do not have the underlying
structure to supply such a force. A fluid cannot support static sheer. A viscous fluid can
temporarily be put under sheer, but the higher its viscosity the more quickly it converts input
work into internal energy. A local vibration imposed on it is strongly damped, and not a source of
wave propagation.

Let At =1, —t, represent the difference in arrival times of the two waves at a station at distance

-1
1 1 . . .
d=vgt,=v,t, from the hypocenter. Then d = At[— - —] . Knowing the distance from the first
(A
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.

The speed of a wave on a “massless” string would be infinite!

SOLUTIONS TO PROBLEMS

Section 16.1 Propagation of a Disturbance

P16.1

Replace x by x—vt=x—-45t
6
(x-45t)* +3

to get y=




P16.2

P16.3

P16.4

y (m)

0.8 T g~ T T T
LNt
AN SR N
Y AN S VA S T W

(] SN U G S A I A
SR N O 1 <
IR VAR A S S
N
I S N N N I N S N T

FIG. P16.2

5.00e~0*5)" s of the form f(x+0t)

so it describes a wave moving to the | left | at v :| 5.00 m/s |

The | longitudinal | wave travels a shorter distance and is moving faster, so it will arrive at

()

(b)

point B first.

The wave that travels through the Earth must travel

Chapter 16

a distance of 2Rsin30.0°= 2(6.37 x 10° m) sin30.0°= 6.37 x10° m
at a speed of 7 800 m/s
6
Therefore, it takes w =817 s
7800 m/s

The wave that travels along the Earth’s surface must travel

a distance of s=RO= R(% rad) =6.67x10° m
at a speed of 4 500 m/s
6
Therefore, it takes m =1482s
4500

The time difference is

: 11.1 min

475



476  Wave Motion
P16.5 The distance the waves have traveled is d =(7.80 km/s)t =(4.50 km/s)(t+17.3 s)
where t is the travel time for the faster wave.

Then, (7.80 —4.50)(km/s)t = (4.50 km/s)(17.3 s)

. (4.50 km/s)(17.3 s) 23k
(7.80—450) km/s

and the distance is d =(7.80 km/s)(23.6 s) = :

Section 16.2 Sinusoidal Waves

P16.6 Using data from the observations, we have 4 =1.20 m

and f = 8.00
12.0 s
8.00
Therefore, v=Af =(1.20 m)(m) =1 0.800 m/s

40.0 vibrations 4 425 cm
== — HZ D=
30.0s 3 10.0s

v 425 cm/s
AZTZW::‘BIQ cm=| 0.319 m
P16.8 v=fA=(4.00 Hz)(60.0 cm)=240 cm/s=| 2.40 m/s

P169  y=(0.0200 m)sin(211x-3.62t) in Slunits ~ A=
2
k=211 rad/m A==
w
®=3.62 rad/s f= Py 0.576 Hz
v—fl—ﬂﬁ—&— 172 m/s
T2 k211

P16.10  y=(0.0051 m)sin(310x —9.30¢) SI units

P16.7 f =425 cm/s

@ 930

= =0.0300 m/s
k310

s=0vt= | 0.300 m in positive x - direction
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*P16.11  From y=(12.0 cm)sin((1.57 rad/m)x - (31.4 rad/s)t)

0
(@) The transverse velocity is G_JZ =—Aw cos(kx — wt)
Its maximum magnitudeis ~ Aw =12 cm(31.4 rad/s)=| 3.77 m/s
(b) a _6&_3(_140) Cos(kx—a)t)) =—Aw?sin(kx — ot)
Yoot ot -

The maximum value is Aw* =(0.12 m)(31.4 s’l)2 =

P16.12 At time ¢t, the phase of y=(15.0 cm)cos(0.157x —50.3¢f) at coordinate x is

T

¢ =(0.157 rad/cm)x—(50.3 rad/s)t . Since 60.0°= 3 rad , the requirement for point B is that

Pp=0a i% rad , or (since x, =0),

(0.157 rad/cm)xy —(50.3 rad/s)t =0-(50.3 rad/s)ti% rad.

trrad
This reduces to xz =——————————=| +6.67 cm |.
¥ 3(0.157 rad/cm)

P16.13  y=0.250sin(0.300x — 40.0¢t) m

Compare this with the general expression y = Asin(kx — ot)

A-[0%0m]
®  o-[00wds)
@ k=[O0 ]

V4 27

[\

d A=

() v=fA= (Zﬂjz - [Mj(zo.9 m) =

4 V4

) The wave moves to the right, | in +x direction | .
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P16.14

P16.15

P16.16

Wave Motion

@)

(b)

@)

(b)

(@)

(b)

(©

See figure at right.

2r  2rm
T:;:%:

This agrees with the period found in the example

in the text.

A=y, =800 cm=00800m

Therefore,

Or (where y(0, t)=0 at t=0)

In general,
Assuming
then we require that

or

Therefore,

y(mm)

y (cm)

FIG. P16.14

_2m_ 2 _ 785 m-!
7~ (0800 m)

o =27 f=27(3.00)=6.007 rad/s
y = Asin(kx + ot)

| y=(0.0800)sin(7.85x + 67t m |

y=0.080 0sin(7.85x + 677 + ¢)
y(x, 0)=0 at x=0.100 m
0=0.080 0sin(0.785 + ¢)
$=—0785

| y=0.080 0sin(7.85x+ 677t —0.785) m |

0.2 t=0
SN

01 j ' \/021
0.2
FIG. P16.16(a)
2 2
k=""=—""_-[180 rad
7m0
11
T=-=——=[00833
1205
o=2rf=2712.0/s :
|o| = fA = (12.0/5)(0.350 m) =

y=Asin(kx + of + ¢) specializes to
y=0.200 msin(18.0 x/m +75.4t/s + ¢)
at x=0, t=0 we require
~3.00 x 107 m = 0.200 msin(+¢)
¢=-8.63°=-0.151 rad

so  y(x, t)=[ (0.200 m)sin(18.0x/m+75.4t/s - 0.151 rad) |
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P16.17  y=(0.120 m) sin(%x + 4;th

(@) v= 4y : x=(0.120)(4x) COS(ZJC +4r tj
dt 8
2(0.200 s, 1.60 m) =] —1.51 m/s
a= %: a=(-0.120 m)(4r)* sin(%x +4r t)

1(0.200 s, 1.60 m) = @

T 27
®)  k=g=":  A=[160m]
a):47z=2Tﬂ: T:
4 160m
UZF20.500s:

P16.18 (a) Let us write the wave function as y(x, t)= Asin(kx + ot + §)
(0, 0)=Asing=0.0200 m

d
ud =Awcos¢=-2.00 m/s
dtly, o
Also, 22T _g004)s
T 002505
2 2
: 2.
A2 =2 +(ﬂ) ~(0.0200 m)? +| 220 m/s
® 80.0 7/s

Asing 0.0200

= =-251=tan
Acosp i ¢

(b)

Your calculator’s answer tan ™ (-2.51)= ~1.19 rad has a negative sine and positive cosine,
just the reverse of what is required. You must look beyond your calculator to find

¢=rn-119rad =
© 0, max = A®=0.0215 m(80.07/s) =

d)  A=v,T=(30.0 m/s)(0.02505s)=0.750 m

2z __ 2«
A 0.750 m

=8.38/m ®=80.07/s

| y(x, £)=(0.0215 m)sin(8.38x rad/m+80.0xt rad/s+195 rad) |
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v (1.00 m/s)

P16.19 (a) f = E = m =
o =27 f =27(0.500/s) =

2z 27z
(b) k= 2 To00m 3.14 rad/m

(c) y = Asin(kx — ot + ¢) becomes

y={ (0.100 m)sin(3.14x/m - 3.14¢/5+0) |

(d) For x=0 the wave function requires

| y=(0.100 m)sin(-3.14¢/s) |

(@) | ¥=(0.100 m)sin(4.71 rad - 3.144/s) |
® v, = % =0.100 m(-3.14/s) cos(3.14x/m — 3.14/s)

The cosine varies between +1 and -1, so

v, (0314 m/s)

P16.20 (a) at x=2.00m, y=|(0.100 m)sin(1.00 rad - 20.0¢) |

(b) ¥ =(0.100 m)sin(0.500x — 20.0t) = A sin(kx — wt)

o
so w=20.0 rad/s and f ey 318 Hz

Section 16.3  The Speed of Waves on Strings

P16.21 The down and back distance is 4.00 m+4.00 m=8.00 m.

4(8.00
The speed is then v= Aoy _ 4800 m) _ 40.0 m/s = T
t  0800s 1
Now _0200Ks _ 500102 kg/m
’ AT 00m &

So T = =(5.00x107 kg/m)(40.0 mys)” =

0.060 0 k
P16.22  The mass per unit length is: u= 78 _120x1072 kg/m.

5.00 m
The required tension is: T = v* =(0.0120 kg/m)(50.0 m/s)2 = .



P16.23

P16.24

P16.25

P16.26

P16.27

P16.28

[T 1350 kg-m/s?
Iz \/5.00><103 kg/m [520 s

14
a w=27 f = 22(500)=3140 rad/s, k=== _160 rad/m
19
(9

y=(200x10"* m)sin(16.0x -3 140¢)

T
410x107° kg/m

(b) v=196 m/s:\/

M, [MgL
T = Mg is the tension; v= T_ Mg _ [MsL L is the wave speed.
U T m t

2
Then, % = L—Z
m t
Lm 160 m(400x107 kg) ~
and g= = = -1.64 m/s
Mt* 309 kg(3.61x10°° s)2
\/?
V= —
Y7,

. . T
Since u is constant, y=—%=—- and
v, U3

2 2

v 30.0 m/s
T,=|—2|T,=|=———| (600N)=|135N |.
2 (Ulj 1 (20.0 m/sj( )

The period of the pendulum is T =27 \/Z
g

Chapter 16
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Let F represent the tension in the string (to avoid confusion with the period) when the pendulum is

vertical and stationary. The speed of waves in the string is then:
e \/? _ [Mg  [MgL
7 m
%

Since it might be difficult to measure L precisely, we eliminate /L = Ty

T
T
oo M TYs [ Tg M|
m 2r 27\ m
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P16.29 If the tension in the wire is T, the tensile stress is
T
Stress = " so T =A(stress).

The speed of transverse waves in the wire is

\/7 (Stress) Stress Stress B \/ Stress
/ —— =
Volume P

where pis the density. The maximum velocity occurs when the stress is a maximum:

2.70x10® Pa
v = 185 m/s
max 7 860 kg/m -

P16.30  From the free-body diagram mg =2Tsin 6@ T 3 T
s A
2sin@
T3
The angle 6 is found from cosf=--= " mg
2
0=414° FIG. P16.30

mg 3 \/ 9.80 m/s2

2usin41.4° 2(8.00 x107 kg/m) sin41.4°

m/s
or v=|1|30.4 \Nm
( Jkg}

(b) 0=60.0=30.4v/m and [m=3.89kg

P16.31 The total time is the sum of the two times.

In each wire t:E:L\/Z
v T

Let A represent the cross-sectional area of one wire. The mass of one wire can be written both as
m=pV = pAL and also as m = uL .

2
Then we have H=pA= ”Zd
N
Thus, t=L ﬂ
4r
- q1/2
(7)(8920)(1.00 x10°?)’
For copper, t=(20.0) =0.137 s
(4)(150)
- 1172
(x)(7860)(1.00x 103’
For steel, t=(30.0) =0.192s
(4)(150)

The total time is 0.137+0.192=| 0.329 s



P16.32

*P16.33
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Refer to the diagrams. From the free-body diagram of point A: D
> F,=0=T;sin0=Mg and > F,=0=T,cos0=T L/4 Lsa
oA B Ao
Combining these equations to eliminate T; gives the tension in the —d 2 |ede
tri ting points A and B as: T =3
string connecting points A and Bas: T = .
& &P tan@ | M | | M |
The speed of transverse waves in this segment of string is then -
1

Mg
U= Z: ﬂ: % 0 A T‘
u m \mtan6 T >

and the time for a pulse to travel from A to B is

i _| |mLtan@
v 4Mg | FIG. P16.32

1
(@) fhas units Hz=1/s,s0 T = 7 has units of seconds, . For the other T we have T = 10?,

kg m* kg-m
with units =2 —= =|N|.
m SZ SZ

(b) The first T is of time; the second is of tension.

Section 16.4 Reflection and Transmission

Problem 7 in Chapter 18 can be assigned with this section.

Section 16.5  Rate of Energy Transfer by Sinusoidal Waves on Strings

P16.34

P16.35

F=22300 600 Hz =27 f =1207 rad/s
A 0500

P szzv—l(M)(mﬁ)z(o100)2(300)— 1.07 kW

St 21360 ' g

Suppose that no energy is absorbed or carried down into the water. Then a fixed amount of power is
spread thinner farther away from the source, spread over the circumference 27 r of an expanding

circle. The power-per-width across the wave front

&

2rr

is proportional to amplitude squared so amplitude is proportional to

P
27
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P16.36 T = constant; v= \/f; P = %ya)zsz
U

(@) If L is doubled, v remains constant and .

(b) If A is doubled and wis halved, & «c 0*A* | remains constant | .

2

(c) If 2 and A are doubled, the product w*A? o« = remains constant, so

| % remains constant |

(d) If I and A are halved, then o? oc% is quadrupled, so | # is quadrupled |.

(Changing L doesn’t affect & ).

P1637 A=500x102m u=400x10"2 kg/m  9£=300 W T=100 N

Therefore, v= \/f =50.0 m/s
u
P 2(300
!/’zl,ua)zsz: = 2/2 = (300) 5
2 HATU(400x107)(5.00x107%)"(50.0)
® =346 rad/s

w
f=o-=[551Hz]

P1638 =300 g/m=30.0x10" kg/m
A=150m
. _ _ -1
f=50.0 Hz: w=27f=314s J!
24=0150m: A=750x10"7% m

(a) y=A sin(zfx - wtj

y=(7.50 10 )sin(4.19x - 314) FIG. P16.38
S DU | 5 2 \2( 314 ——
(b) 7= A% _5(30.0 x107)(314)*(7.50x10%) (E) W P=625 W

o 2r o 500
P16.39 A= 220 _  T625
@ A T T os ™
27 2rx
by  a=2L- -[785
®) -~ 0800 ™
© =2 79,
DY R

@) 9= % oA = %(12.0 x107)(50.0)*(0.150)*(62.5) W =[ 2LT W




*P16.40

P16.41

*P16.42
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Comparing y=0.35 sin(lO;zt —3mx+ %) with y = Asin(kx — ot + ¢) = Asin(wt — kx— ¢+ ) we have

10
k=37 &=10x/s, A=035m . Then v= f1 =27 f 2= 2 - 1078
m 27k 3z/m

=333 m/s.

(@) The rate of energy transport is
9 =% A% :%(75 x107° kg/m)(10z/s)"(0.35 m)*3.33 mys=[ 151 W |.

(b) The energy per cycle is
o _1 2 42 _1 -3 2 227Z'm_
E,=9T=—uw’A’2 _5(75 x10 kg/m)(107/s)"(0.35 m) = =[302]]
Originally,
1 2,2
Ry == Av
075 HO
R :l,u(azz‘\z\/f
2 u
% =LA T
=50 u

The doubled string will have doubled mass-per-length. Presuming that we hold tension constant, it
can carry power larger by +/2 times.

\/E,‘/Z, :%a)ZAZ,/TZ,u

As for a strong wave, the rate of energy transfer is proportional to the square of the amplitude and to
the speed. We write 9= FvA? where F is some constant. With no absorption of energy,

2 2

F Z)bedrockAbeclrock =F Z)muclﬁllArmldﬁll

,Ubedrock _ Amudsin _ | 25%mudsin -5
Omudfill Abedrock Umudfill

The amplitude increases by 5.00 times. |
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Section 16.6  The Linear Wave Equation

P1643  (a) A=(7.00+3.00)4.00 yields [ A =40.0

(b) In order for two vectors to be equal, they must have the same magnitude and the same
direction in three-dimensional space. All of their components must be equal. Thus,

7.00i + Oj +3.00k = Ai + B} +Ck requires | A=7.00, B=0, and C=3.00 |.

(© In order for two functions to be identically equal, they must be equal for every value of
every variable. They must have the same graphs. In

A+ Bcos(Cx + Dt + E)=0+7.00 mmcos(3.00x + 4.00¢ + 2.00) ,

the equality of average values requires that . The equality of maximum values

requires | B=7.00 mm |. The equality for the wavelength or periodicity as a function of x

requires | C=3.00 rad/m | . The equality of period requires | D =4.00 rad/s |, and the
equality of zero-crossings requires | E=2.00 rad |.

2 2
10
*Pl6.44 The linear wave equation is —‘12/ = —2—;/
X v° Ot
If y= PCadd
then % = —boe? ) and ﬂ — pel(x-70)
ot ox
82]/ azy
—= b202e? ) and —2= p2el(x—0t)
ot ox
%y ’y
Therefore, o 0? P demonstrating that ¢!~ is a solution
X
1 0%y &*
P16.45 The linear wave equation is — 9y 7Y

v? ot? - ox?

To show that y= ln[b(x - Ut)] is a solution, we find its first and second derivatives with respect to x
and t and substitute into the equation.

ﬂz;(—bv) @: —1(—sz)2 _ v?
ot b(x—ot) ot* b (x-ovt)®  (x-ot)
oy -1 ?y b 2 1
——=|b(x—vt)| b —=——(x-0t) =————
ox [ ( )] ox? b( ) (x—ot)”
2 —p? 2
Then iza—;/ = iz ( ) == ! 5= 8—‘12/ so the given wave function is a solution.
v” ot v (x—ut) (x—ot)” Ox
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P16.46 (a) From y=x?+0%t?,

0 0
evaluate Y o ox —‘12/ =2
Ox Ox
62
Y _ o201 Z =202
ot ot
?*y 1 0%
Does —-=——5-7?
o> o ot
By substitution: 2= LZZUZ and this is true, so the wave function does satisfy the wave
v
equation.
1 1 1 1 1 1
(b) Note —(x+vt)* +E(x—vt)2 :Ex2 +xvt + =02t + = x% — xvt + — 02>
= x? +v%t? as required.

So f(x+vt):%(x+vt‘)2 and g(x—vz‘):%(x—m‘)2

(c) y =sinxcos vt makes
62y .

—= =C0s xcos vt —Zz—smxcosvt
ox ox

2

_ . . 07y 2.

——=-—psinxsinut —==—0"sin x cos vt
ot t2

*y 1 0%
Then —-=——-
ox* o o’

. -1 5. s .
becomes —sinxcosvt=— v sinxcos vt which is true as required.
v

Note sin(x + vt) = sin x cos vt + cos x sin vt
sin(x — vt) = sin x cos vt — cos x sin vt .

So sinxcosvt = f(x +vt)+ g(x —vt) with

f(x+ot)= %sin(x +vt) and g(x—ot)= %sin(x —ot)|.

Additional Problems

P16.47  Assume a typical distance between adjacent people ~1m.

Then the wave speedis v= A _1m 10 m/s

At 0.1s
Model the stadium as a circle with a radius of order 100 m. Then, the time for one circuit around the
stadium is

2rr 27(10%)

” mz&s-
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P16.48  Compare the given wave function y = 4.00sin(2.00x —3.00¢) cm to the general form
y=Asin(kx — ot) to find

(@) amplitude A=4.00cm=| 0.0400 m
27 -1
(b) k:7:2.00 cm™ and A=7zcm=| 0.0314 m
() w=27f=300s" and f=|0.477 Hz
1
(d) T===|209s
:

(e) The minus sign indicates that the wave is traveling in the | positive x-direction |.
7 du dx .
P16.49 (a) Let u=107t-37zx+ " i 107 - 37:; =0 ata point of constant phase

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

. T
(b) ¥(0.100, 0)=(0.350 m) sm(—().?)OOﬁ + Zj =—0.0548 m=

27

() k:7:37z: A=|0.667 m w=27f=107: f=|5.00 Hz
(d) v, = % =(0.350)(10x) cos(lO;rt -37x+ %) 0y, max = (107)(0.350) =| 11.0 m/s

*P1650  (a) 0.175 m = (0.350 m)sin[(99.6 rad/s}t]
sin[(99.6 rad/s)t] =05

The smallest two angles for which the sine function is 0.5 are 30° and 150°, i.e., 0.523 6 rad
and 2.618 rad.

(99.6 rad/s)t; =0.523 6 rad , thus #; =5.26 ms
(99.6 rad/s)t, = 2.618 rad , thus t, =26.3 ms

At=t, —t; =263 ms—5.26 ms=| 21.0 ms |

[99.6 rad/s

mj(zm x1073 s) = .

(b) Distance traveled by the wave = (%)At

P16.51 The equation v=Af is a special case of

speed = (cycle length)(repetition rate).

Thus, v= (19.0 x1073 m/frame)(24.0 frames/s) = .



P16.52

P16.53

P16.54

Chapter 16

Assuming the incline to be frictionless and taking the positive x-direction to be up the incline:

> F,=T-Mgsinf=0 or the tension in the string is T =Mgsin®
Mgsin@  |MgLsin®
The speed of transverse waves in the string is then v= r_ \/ 8 Zm = J 3%sm
H T m
L . . L m mL
The time interval for a pulse to travel the string’s lengthis At=—=L — = -
v MgLsin 6 Mgsiné

Energy is conserved as the block moves down distance x:

K+U,+U,|] +AE=(K+U,+U
8 8

top ¥/ bottom
0+ng+0+0=0+0+%kx2

_2Mg
Tk

(@  T=kr=2Mg=2(200kg)(9.80 m/s*)=

2Mg
k

39.2N
L=0500 m+——F={0.892 m
100 N/m

(F

39.2 Nx0.892 m
50x107 kg

1
Mgx = =kx?
gxzx

(a) T:kx:

y7, m m k

489
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P1655 (a) o= L \/ ( 800N ] =[179 /s |

4 \(5.00x107 kg/2.00 m

(b) From Equation 16.21, & = % won*A* and o = Zn(%)
o=Lon (Zﬂ'vjz _ 227 pA Y
2 A 2

25 (i 00800 m (179 sy’

9= 5
(0.160 m)

?=177x10* W:

T . . ,uv2
P16.56 v=_|— andin this case T =mg ; therefore, m =——.
2 8

Now v = fA implies v:% so that

2 4 72
Ul o 0.250 kg/m| 18zs
m==|2 = = -14.7 kg |.
( j 0.7507rm_1 m

g\k 9.80 m/s*

2
*P16.57  Let M = mass of block, m = mass of string. For the block, > F = ma implies T = ™ - mor. The
r

speed of a wave on the string is then

R
i

m 0.003 2 kg
O0=ot=,|— =10.0843 d
o= \ar =\ oasokg L3

P1658 (a)  u= ‘Zi’z PA ch PA
\/7 VPA \/ p(ax+b \/[p 1072 x+1072 Cm ]
With all SI units, /s

\/[p 10-3x+ 102)107

® |J

(2700)(0-+107%)(107*)]

w100 = \/ |(2700)(1072 +1072)(104)]

ol



P16.59

P16.60

P16.61
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v= \/f where T = uxg, the weight of a length x, of rope.
Y7,
Therefore, v=,/9x
dx dx
Butv=—,sothat dt=——
dt Jsx
L
dx L
and _[ 2 \/:
0 x/_ \/_ 8

mx
At distance x from the bottom, the tensionis T = ( gj + Mg, so the wave speed is:

(@)

(b)

(©

(@)

(b)

B4

y2 |k
t L xg+(MgL/m
Thentzjdt:_[{xg+(MgLH dx t:l[g ( ‘[’j/ )]
0 0 m 8 2 -
1/2 1/2 ~
t:z{(Lg+Mng (1) } 2 g[_WMM
8 m m g Jm
When M =0, as in the previous problem, =2 L Jm 0 =2 L
gl vm 8
— m\"? 1m 1m?
Asm—)OweeXpand m+M=\/M(1+M) :\/M 1+EM_5W+
L[V + L (VM) (/M2 5~ VB
to obtain t=2 |—
8 m

~o |E[L [m|_| |mL
“el2VM Mg

The speed in the lower half of a rope of length L is the same function of distance (from the

bottom end) as the speed along the entire length of a rope of length (%)

Thus, the time required =2 ’ L with L' :%

8

and the time required =2 L. 0.707| 2 \/Z .
V28 8

It takes the pulse more that 70% of the total time to cover 50% of the distance.

2
By the same reasoning applied in part (a), the distance climbed in ris given by d = &

4
t L . . . L
For r=—= |—, we find the distance climbed = .
2 \g 4

In half the total trip time, the pulse has climbed i of the total length.
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P16.62

P16.63

*P16.64

Wave Motion
(@) v=2= 150 = | 5.00 m/s in positive x-direction |
k  3.00
15.0 - - —
(b) v= 3.00 :| 5.00 m/s in negative x-direction |
15.0 - - —
(c) v= 200" | 7.50 m/s in negative x-direction |
12.0 - — —
(d) v=——= | 24.0 m/s in positive x-direction |
2
T
Young's modulus for the wire may be written as Y = %, where T is the tension maintained in the
L

wire and AL is the elongation produced by this tension. Also, the mass density of the wire may be

expressed as p = %

The speed of transverse waves in the wire is then

F T
7 p
2

.. . . AL
and the strain in the wire is T = pv_.

Y
If the wire is aluminum and v =100 m/s, the strain is

AL (270x10% kg/m?)(100 mys)®

_ 4
L 7.00x10° N/m? - '

(@) Consid?r a sho'rt section of chain at' the_ top of the l(?op. A fr?e- }7@\9“
body diagram is shown. Its length is s = R(26) and its mass is T V T
R

4R20. In the frame of reference of the center of the loop,
Newton’s second law is

2 2
R2 . .
Z Fy =ma, 2T sin@down = % down = ﬂ FIG. P16.64(a)

For a very short section, sin@=6 and | T = uv] |.
T
(b) The wave speedis v=_|—=| v, |.
I

() In the frame of reference of the center of the loop, each pulse moves with equal speed
clockwise and counterclockwise.

- - -
Yo Yo Yo

FIG. P16.64(c-1)

continued on next page
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P16.66

(@)

(b)

(@)

(b)

Chapter 16 493

In the frame of reference of the ground, once pulse moves backward at speed v + v =27,
and the other forward at v, —v=0. The one pulse makes two revolutions while the loop

makes one revolution and the other pulse does not move around the loop. If it is generated
at the six-o’clock position, it will stay at the six-o’clock position.

A NN

FIG. P16.64(c-2)

Assume the spring is originally stationary throughout, extended to have a length L much
greater than its equilibrium length. We start moving one end forward with the speed v at
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
mass dm, just as the pulse swallows it up, Y F = ma

becomes kdx = adm or % =a.

dx

Bu td—mzy SO uzk.
dx

2
Also, uz%z% when v; =0. But L =vt, so uzv—

: . k_ o kL
Equating the two expressions for a4, we have —= UT or|v=_[—|.
u

ka f 2 (100 N/m)(2.00 m)
U th f t = 31.6 .
sing the expression from part (a) v = \/ 0.400 kg
12

T 2Toj ( ]

v=|— v where vy =

(3) (5] Lzl wers

’ ( T jl/z (ZTO Jl/z >
U=l — =5 =| Y0457
H 3ug 3

= =——==0.354At, where At, = L

z%ﬁ 242 v,

1/2

At

L
right = Ui = =0.612At,

20, \/_ 2\/_
Atleft + Atright =
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P16.67

P16.68

*P16.69

(@)

(b)

(©

4450 km
"~ 950h

d:

(@)

(b)

2

v
8

2

3
P(x)= lya)zsz = %,ua)zAge_be (%) = &Age_m

3

2(0)= HO 4

2k

2
0

o]

(9.80 m/s

2k

(130 m/s)2

2):

4(x) is a linear function, so it is of the form u(x)=mx+b

To have x(0)=

SO

Then

Mo we require b= . Then u(L)=py; =mL+ p,

dx . . . dx . .
From v = Tl the time required to move from x to x +dx is —. The time required to move

from 0 to L is

At =

At =

(%

(yi/z i)
3\/_(/1L_/10)

2L(yrr —uo (111 +mag + o)
3T (= to )[our + ko)

2L (ﬂL TV HLH +/JOJ
N s
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ANSWERS TO EVEN PROBLEMS

P16.2

P16.4

P16.6

P16.8

P16.10

P16.12

P16.14

P16.16

P16.18

P16.20

P16.22

P16.24

P16.26

P16.28

P16.30

P16.32

P16.34

P16.36

see the solution

(a) the P wave; (b) 665 s

0.800 m/s

2.40 m/s

0.300 m in the positive x-direction
16.67 cm

(a) see the solution; (b) 0.125's; in
agreement with the example

(a) see the solution; (b) 18.0/m; 83.3 ms;

75.4 rad/s; 420 m/s;
(c) (0.2 m)sin(18x +75.4f — 0.151)

(a) 0.021 5m; (b) 1.95 rad; (c) 5.41 m/s;

(d) y(x, t)=
(0.021 5 m)sin(8.38x +80.07 t +1.95)

(a) see the solution; (b) 3.18 Hz
300N

(a) y = (0.2 mm)sin(16x — 3 140¢);
(b) 158 N

631 N

T
27 \m

m

@) v=(30.4 . @]M ; (b) 3.89 kg

mLtan @
4Mg

1.07 kW

(@), (b), (c) #is constant ;
(d) #is quadrupled

P16.38

P16.40

P16.42

P16.44

P16.46

P16.48

P16.50

P16.52

P16.54

P16.56

P16.58

P16.60

P16.62

P16.64

(a) y =(0.0750)sin(4.19x — 314t);
(b) 625 W

@) 151 W; (b) 3.02]

The amplitude increases by 5.00 times

see the solution

(a) see the solution;

(b) %(x+ 'ut)2 +%(x— vt)z;

() %sin(x +vt)+ %sin(x —vf)

(a) 0.0400 m; (b) 0.0314 m;
(c) 0.477 Hz; (d) 2.09 s;
(e) positive x-direction

(a) 21.0 ms; (b) 1.68 m

A= | L
Mgsing

(a) 2Mg; (b) Ly +

© \/ 2 o+ 22

m k

2Mg

7

147 kg

. r
p(107x+107°)
(b) 943 m/s; 66.7 m/s

(@) v= in SI units;

see the solution

(@) 5.00i m/s; (b) ~5.00i m/s;
() ~7.50i m/s; (d) 24.0i m/s

(@) uvg; (b) vy;

(c) One travels 2 rev and the other does

not move around the loop.
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oT 1/2
P16.66 (a) U:(_OJ =0o2;

Ho

12
2T,
» :[_o] = 0542 (b) 0.966A%,
31 3

P16.68

130 m/s; 1.73 km



