34.1

34.2

34.3

344

345

34.6

(@)

(b)

(©

Chapter 34 Solutions

Since the light from this star travels at 3.00 x 108 m/s, the last bit of light will hit the Earth in
6.44 x10'® m
3.00x108 m/s

1999 + 680 = [2.68 x 10° A.D.

=2.15 x 101% s = 680 years. Therefore, it will disappear from the sky in the year

v=— Lt =%c =0.750c = |2.25 x 108 m/s
v1.78

+KkHoeg

E _ 220 8. _ 7

B =C or T—S.OOXlO, o] B=733x10"T=1|733nT
Emax _ . . . .

B v is the generalized version of Equation 34.13.

E 7.60x10°V/m ONOnTCOnO_ 1
By = —TEX = =380 %101 T=[380pT
M v (2/3)(3.00x108 m/s)Ovic M N O

fA=c or £(50.0 m) = 3.00 x 10° m/s so | £=6.00x 10° Hz = 6.00 MH
E 22.0 g
7 =¢C or 57— =3.00x10 S0 Bmax = [(73.3 nT)(-k)
B Bmax

2m _ 2m -1 6 o1 7
k:T =550 =0.126 m and w=2mrf = 2m(6.00 x 10° s7) = 3.77 x 10
rad/s

B = Binax Cos(kx — @t) =(73.3 nT) c0s(0.126x — 3.7 x 10 t)(-K)|

w=2mf=6.00rx 10° st = 1.88 x 1010 51

E 300 V/m

2m _w _6.00mx 1091 20,072 62.8 L s _E_
o M7 c T 3.00 x 108 m/s

k==

g =1.00 uT
A C  3.00x108m/s H

E =500 Y os(62.8x - 1.88 x 1010t B = (1.00 uT) cos(62.8x — 1.88 x 1020t
mO
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E __ 100V/m
C

34.7 Q) B=— =————— =333x107T=[0.333 uT
@ 3.00 x 108 m/s

2m 2mn

®) A=K =Toox107 mt - 12028 Hm
¢ 3.00x10%m/s

© f=7 =———=— =477 x10%Hz
A 6.28x 107" m

34.8 E = Emax c0os(kx — ct)
oE . .
d_x = —Emax sin(kx — awt)(k) E = —Emax sin(kx — wt)(-w)
9°E ) 9°E )
dx_z = —Emax cos(kx — wt)(k ©) F = —Emax €0s(kx — wt)(-w)
_ 0E _ 9°%E
We must show: pvi Ho€g Y
That is, —(kZ)EmaX cos(kx — wt) = —geo(~®)? Emax c0s(kx — wt)
. k2 010 1
But this is true, because — = == = Ug€
o HaH Tz H®

The proof for the wave of magnetic field is precisely similar.

*34.9 In the fundamental mode, there is a single loop in the standing wave between the plates.
Therefore, the distance between the plates is equal to half a wavelength.

A=2L=2(2.00 m) = 4.00 m

¢ _3.00x10°m/s

= oY s 7 _
Thus, f—)\ = 200m =750x10" Hz=|75.0 MHz

*34.10 datoa =6 CM + 5% :%

A=12cm = 5%

© 2000 by Harcourt, Inc. All rights reserved.
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V=Af=(0.02m + 5%)2.45x10° 57! =

2.9x10% m/s + 5%

34.11 S—I—U _Je
' SIFAt TV TUe
Energy I

1000 W/ m?

__Energy 1 _ 1000 W/m® .
Unit Volume ~Y7¢ T300x108 m/s 3.33uJ/m

= 4.00 x 10% W )
34.12 Sav=—— = > =7.68pW/m
4mr?  47(4.00 x 1609 m)

Emax =+ 2HoCSay =0.0761V/m

AVinax = Emax + L = (76.1 mV/m)(0.650 m) = [49.5 mV (amplitude)|

or 35.0 mV (rms)

34.13 r =(5.00 mi)(1609 m/mi)=8.04 x10% m

5= P 250 x 10° W

= = =1307 pW/m?
4mr? 47(8.04 x 10° m)?
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Goal Solution

What is the average magnitude of the Poynting vector 5.00 miles from a radio transmitter broadcasting
isotropically with an average power of 250 kW?

G: As the distance from the source is increased, the power per unit area will decrease, so at a distance of
5 miles from the source, the power per unit area will be a small fraction of the Poynting vector near
the source.

O: The Poynting vector is the power per unit area, where A is the surface area of a sphere with a 5-mile

radius.
A: The Poynting vector is Sy = L7
' ynting YA dpr?
In meters, r =(5.00 mi)(1609 m/ mi) = 8045 m
3
and the magnitude is S = M =3.07x10™ W/ m?
(4m)(8045)

L: The magnitude of the Poynting vector ten meters from the source is 199 W/m? on the order of a
million times larger than it is 5 miles away! It is surprising to realize how little power is actually
received by a radio (at the 5-mile distance, the signal would only be about 30 nW, assuming a
receiving area of about 1 cm?).

100 W

_ _ 2
= oo m? - 196 W/m

34.14

' -8 3 3
u=zc =2.65x10"° J/m°>=26.5n)/m
u=|[13.3 ni/m?
u=|[13.3 ni/m?

© 1=[7.96 w/m?]

(@ ue=

N| =

N

(b) ug=

34.15 Power output = (power input)(efficiency)

h . powerout _1.00x10°W
Thus, Power input = off = 0300

3.33x10° W
and A== 3 > =(3.33 x 10° m?
| 1.00x10° W/m

=3.33x10°W
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Brznaxc - P
2py A’

N P TR ) e W e
Bmax = \/WE{] c 0 “‘ =516 x107 T

| 411(5.00 x 103)2(3.00 x 108)

*34.16 I =

[

Since the magnetic field of the Earth is approximately 5 x 107> T, the Earth's field is some
100,000 times stronger.

3417 (@) P=1?R=150 W; A =2mrL = 271(0.900 x 103 m)(0.0800 m) = 4.52 x 10™* m?

P AP .
S= — =|332 kW/m oints radially inward
A =332 kw/m?| (p y inward)
| Ho(1.00)
b) B=Ws—= = —————— =222 uT
®) Ho oy 271(0.900 x 10—3)
AV IR 150 V
E=ax ©T ~oosoom - [L88KV/m

EB 2
Note: S = H_o =332 kW/m
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3418 (a) E-B=(80.0i +32.0j — 64.0k)(N/C) - (0.200i + 0.0800]j + 0.290K)uT

E - B=(16.0 + 2.56 — 18.56)N?-s/C% . m = @

©) s- 1 £ xBe (80.0i + 32.0j — 64.0K)(N/C) x (0.200i + 0.0800j + 0.290k)puT
" Mo - 4mx 107" T - m/A

. (6.40k — 23.2j — 6.40k + 9.28i — 12.8j + 5.12i)10"® W/m?
N 4% 1077

S= |(1l.5i - 28.6j) W/m2| =30.9 W/m? at —68.2° from the +x axis

34.19 We call the current I, and the intensity |. The power radiated at this frequency is

0.0100(AVms)?
—é m” 31w

P =(0.0100)(AVims)lrms =

If it is isotropic, the intensity one meter away is

P 131W c

= - == = 2: = — 2
1= & 000 )2 0104 W/m? = Say =57~ B

2ot 24107 Trin/A)0.104 W/ m?)
Brmax =\/ |

¢ | 3.00x108 m/s :

- useful power output 0700 W O
*34.20 (a) efficiency = x100% = x 100% = | 50.0%
@) Y= T otal power input °~ Ca00 WO ’ n

P_ 700 W
A~ (0.0683 m)(0.0381 m)

(b) S, = =2.69x10° W/m?

S,y = [269 kW/m2 toward the oven chamber

E2
c) S, =-—
© S

_ /.0 7 TOn SE% 5 WO_ sV _
Emax—\/2D47T><1O 0 73.00%10 S 269%20° o o=142x10* = [142 kv/m
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Emax _ 7.00 x 10°N/C

= = -2.33 mT
c 3.00 x 108 m/s -
2 5\2
E 7.00 x 10
b) 1=z = ( — ) = =650 MW/m?
HoC 2(471rx 1077)(3.00 x 10°)

_P . o_a_ 8 o T 3,12 _
(© 1= P =1A=(650>x10° W/m?) 7 (100 x10~° m) = [510 W]

3421 (@) Bmax=

2 : i
34.22 Power = SA = m(471r2); solving forr, r= | EHOC - | (100 Wjpge > =[5.16 m
24C E2_2m  \2m(15.0 V/m)

-3
3423 (a) 1= GOOOOW W /m?
71(0.800 x 10~° m)
| 4.97x10% 0/ m? 3 3
b Ua, = — = =1(16.6 pJ/m
®) Uav c  3.00x10®m/s

3424 (a) E=cB=(3.00x10° m/s)(1.80 x10° T) = [540 V/m
B2 _(180x107%)2 3
b =2 == ) o os8u/
®) sy 47T%x 10”7

Ho

(©) S, =CUy, =(3.00x10%)(2.58 x 107%) =

(d) This is |77.3% of the flux in Example 34.5| . It may be cloudy, or the Sun may be setting.

S 25.0
34.25 For complete absorption, P= — = ——= =(83.3 nPa
p p c = Tooxigp "~ [633nPa]

%3426 (a) P =(Sy)(A)=(6.00W/m?)(40.0x10™ m?)=2.40x107 )/

In one second, the total energy U impinging on the mirror is 2.40 x 1072 J. The momentum p
transferred each second for total reflection is

2U  2(2.40 x 1072 ) 10 Kg-m
— === =|160x1070 ——
c 3.00 x 108 m/s s

dp  1.60x107°kg - m/s 0
) F=gr = e =1.60x 10 N

(each second)
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(2)(1340 W/ m?)

e 5 =8.93x107° N/m?
3.00x10° m/s

34.27 (a) The radiation pressure is

Multiplying by the total area, A =6.00 x 10° m? gives: F =

F 5.36 N

L _F _ 53N _ 2 >
(b) The acceleration is: a= o = 5000 kg - |8.93><10 m/s |
. . 1
(c) It will take a time t where: d= 3 at?
7| 2(3'84x108 m) 9.27 x10° s = [10.7 days]
or t=—=1 — =90.27 x s = [10.7 days
Va |(893x107 m/s?)
. . _2S,,
34.28 The pressure P upon the mirror is p=—%
c
where A is the cross-sectional area of the beam and Sav :2
The force on the mirror is then F=PA= %@;QA :ZTP

-3
Therefore, F :2(1007xl{(3)) =16.67 x101° N
(3x10°%)

P _ Efnax

34.29 l=—
e 2UgC

® En = "o4) - ]

Tr
15 x 1072 J/s
b) ————————— (1.00m) ={50.0 pJ
(b) 3.00><108m/s( )
_E_ﬂ_|167><10_19k /|
© P2 F00x10p Lk SRR
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3430 (a)

(b)

©

(d)

3431 (a)

(b)

34.32

If Pg is the total power radiated by the Sun, and rg andry, are the radii of the orbits of the
planets Earth and Mars, then the intensities of the solar radiation at these planets are:

_ Ps
4k

and Im =P752
A1y

Org O [1.496 x 10 mCF
Thus, Im =l 0 =(1340 W/m? =577 W/m?
M EHMH ( / )EZ.Z8><10“mE
Mars intercepts the power falling on its circular face:

Py = Iw(mR% ) = (577 W/m?)n(3.37 x10° m)2 =

. |
If Mars behaves as a perfect absorber, it feels pressure P = Sm - Im
c c

16
and force F:PA:I—M(HR,%A):P—:M: 6.87 x 10’ N
c c 3.00x10° m/s

The attractive gravitational force exerted on Mars by the Sun is

Ie

oMMy, _ (6:67 %10 Nin?/kg?)(1.98Lx 10 kg)(6.42 x 107 kg)

g 2

" v (2.28 x 101 m)2

=164x10% N

which is [~10% times stronger | than the repulsive force of (c).

The total energy absorbed by the surface is

u=(41)at= %E]so %%o.soomoo m?)(60.05) =

The total energy incident on the surface in this time is 2U =22.5 kJ, with U =11.3 kJ being
absorbed and U =11.3 kJ being reflected. The total momentum transferred to the surface is

p= (momentum from absorption ) + (momentum from reflection)

3(11.3x10%
DiDﬂ@D—&—g— 113x107* kg /s

P=0c0"0c 07 ¢ " 3.00x10° m/s

2 =7\ 12 8
5, = Hodmac or 570 (41T 107) 37, (3.00 x 10°)

o) Jmax = 3.48 A/m?
8 8 max
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(tpd2 el
3433 (a) P=S,A= HMOJg]aXCETA

(477 1077 (10.0)2(3.00 x 108) 0
P= 1.20 x 0.400) = [2.26 kW
. 5 )

2 -7 2 8
b) S, = HOJg]aXC _ (4mx10 (10.;)) (3.00 x10°) _
2
*34.34 p=Y) o p 04 V)?

W, eceiving

ntenna

AV =(-)E, Dy =E, [ cos @
AV Ocos® so P Ocos’6

(@) 6=15.0° P =Py, c0s2(15.0°) = 0.933P ,,,=[93.3%

(b) 6=45.0° P =P, c0os*(45.0°) = 0.500P 1., =[50.0%]

(© 6=90.0° P =Pp,cos’(90.0°9) = [0]

34.35 (a) Constructive interference occurs when d cos 8 = nA for
some integer n.

cosQ:nizn%/\—sz n=0, £1, 2, ...
d /2

0 |str0ng signal @ 6= cos™* 0 = 90°, 270°

(b) Destructive interference occurs when

U= pliasa J180° phiase

en+10; .

dcos@ = . [f\ : cos 6=2n+1 B waves add || waves cancel

O |weak signal @ 6= cos™ (+1) = 0°, 180°

© 2000 by Harcourt, Inc. All rights reserved.
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Goal Solution
Two radio-transmitting antennas are separated by half the broadcast wavelength and are driven in phase
with each other. In which directions are (a) the strongest and (b) the weakest signals radiated?

G: The strength of the radiated signal will be a function of the location around the two antennas and
will depend on the interference of the waves.

O: A diagram helps to visualize this situation. The two antennas are driven in phase, which means
that they both create maximum electric field strength at the same time, as shown in the diagram. The
radio EM waves travel radially outwards from the antennas, and the received signal will be the vector
sum of the two waves.

A: (a) Along the perpendicular bisector of the line joining the antennas, the distance is the same to
both transmitting antennas. The transmitters oscillate in phase, so along this line the two signals will
be received in phase, constructively interfering to produce a maximum signal strength that is twice
the amplitude of one transmitter.

(b) Along the extended line joining the sources, the wave from the more distant antenna must
travel one-half wavelength farther, so the waves are received 180° out of phase. They interfere
destructively to produce the weakest signal with zero amplitude.

L: Radio stations may use an antenna array to direct the radiated signal toward a highly-populated
region and reduce the signal strength delivered to a sparsely-populated area.

_c_ A
34.36 A==8%m  so  h=7=[134m
A=Y -188m SO h:i:46.9m
f 4
34.37 For the proton: >F=ma O qvBsin90.0°= mvz/R

The period and frequency of the proton’s circular motion are therefore:

_2mR _2mm _ 2n(1.67 x 1072 kg)

— =187x107" s f =5.34x10° Hz.
v g8 (160x107 C(0.350 T)

T

. : . . ¢ _ 3.00x10® m/s
The charge will radiate at this same frequency, with A=—=—"—"—-'-=156.2m
g quency f  5.34x10% Hz

2

34.38 For the proton, ZF = ma yields qvB sin 90.0° = —ml;/
The period of the proton’s circular motion is therefore: T :LHR = Zéer
v
The frequency of the proton's motion is f=1/T
2mmce

The charge will radiate electromagnetic waves at this frequency, with A = % =cT =

gB
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From the electromagnetic spectrum chart and accompanying text discussion, the following

identifications are made:

Frequency Wavelength, Classification
f A=c/f
2Hz=2x10° Hz 150 Mm Radio
2 kHz =2x10°% Hz 150 km Radio
2 MHz =2 x10° Hz 150 m Radio
2 GHz =2x10° Hz 15 cm Microwave
2 THz =2 x10* Hz 150 um Infrared
2 PHz=2x10" Hz 150 nm Ultraviolet
2 EHz =2x10*® Hz 150 pm x-ray
2 ZHz =2x10% Hz 150 fm Gamma ray
2 YHz=2x10* Hz 150 am Gamma Ray
Wavelength, Frequency Classification
A f=c/A
2km=2x10°m 1.5x10° Hz Radio
2m=2x10"m 15x108 Hz Radio
2mm=2x10"m 15x 10 Hz Microwave
2um=2x10"°m 15x10% Hz Infrared
2nm=2x10"°m 15x10Y Hz Ultraviolet/x-ray
2pm=2x10""?m 1.5x%x10%° Hz x-ray/Gamma ray
2fm=2x10"m 1.5%10% Hz Gamma ray
2am=2x10"% m 15x10% Hz Gamma ray

¢ 3x108m/s
*34.40 (a) f= X T TiTm ~ 108 Hz| [radio wave

(b) 1000 pages, 500 sheets, is about 3 cm thick so one sheet is about 6 x 107°

_3x10°m/s
= ox105m = 10" Hz| [infrared

m thick

_ ¢ 3.00x108m/s

*34.41 f= — — = (5.45 x 10'* Hz
550%x 107" m
3442 (@) A=t = 300x10°m/s 261 m 50 UL |0.690 wavelengths|
' - f T 1150x10%/s 261m — L= ]
by A= ¢ _ 200x10°m/s =3.06 m so 180m _ 58.9 wavelengths|
T Togix105/s 306m ~ L% g
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3443 (a) fA=c gives (5.00 x 10'° Hz)A = 3.00 x 108 m/s: |A =6.00 x 1072 m = 6.00 pm
(b)) fi=c gives (4.00 x 10° Hz)A = 3.00 x 10® m/s: |/\ =0.075m =7.50 cm
*34.44 Time to reach object = %(total time of flight) = %(4.00 x107%s) =2.00x107*s

Thus, d = vt = (3.00 x 108 m/s)(2.00 x 10*s) = 6.00 x 10* m = [60.0 km

100 x10° m

34.45 The time for the radio signal to travel 100 km is: tr= ———————=333x 107%s
3.00x10° m/s
. 3.00 m 3
The sound wave to travel 3.00 m across the room in: ts= 33 m/s - 8.75x107°s

Therefore, |listeners 100 km away| will receive the news before the people in the newsroom
by a total time difference of

At=875x10"35s-3.33x10*s=841x10"3s

¢ _3.00x10% m/s

*34.46 The wavelength of an ELF wave of frequency 75.0 Hz is A = R r— =4.00x10° m
.0 Hz
The length of a quarter-wavelength antenna would be L =100 x10% m = [1.00 x 10° km
[0.621miQ -
or L =(1000 km)=————"-= (621 mi
( )Dl.OO km O -

Thus, while the project may be theoretically possible, it is not very practical.

¢ _3.00x10°m/s _
fmin  540x10°% Hz

3447 (a) Forthe AM band, Aq = 56 m

)‘min -

c _3.00x108m/s _

3 87 m
fmax 1600 x10° Hz

c _ 3.00x108 m/s _

b) For the FM band, A =
) M fmin 88.0x10° Hz

¢ _3.00x108m/s _
fax 108 x10% Hz

Amin -

.78 m

SN
Ui
3
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34.48 CHy: fmin = 66 MHz AmaX:
fmax = 72 MHz Amin =

CHg : fmin =82 MHz Amax:
fmax = 88 MHz A min=[3.41 m]

CHg: fmin=180 MHz A= [1.67 m]
frmax = 186 MHz )\min:

3449 (a) P =SA = (1340 W/m?)47m(1.496 x 101t m)? = |3.77 x 10?5 W

cB2 /2u S [2(4mx107 N/ A?)(1340 W/ m?)
b) S= -—max o) Bmax = 02 = =[3.35uT
®) 210 mETY e T 3.00x108 m/s

2 e
s=Emax o Eqmax = 1/2H00S = 2(471x1077)(3.00 x 10°)(1340) =

2U,C

*34.50 Suppose you cover a 1.7 m-by-0.3 m section of beach blanket. Suppose the elevation angle of
the Sun is 60°. Then the target area you fill in the Sun's field of view is

(1.7m )( 0.3 m)( cos 30° ) = 0.4 m?

_P_E,. — (A= w 2 6
Now I=—-=_=: E=IAt=1340 —7 (0.6)(0.5)(0-4 m?) 3600s
_ dog _ d _ d _ .
3451 (a) €= e _E(BA cos 0) = -A a(BIrnaX cos wt cos 8) = AB,,,, w(sSin wt cos 6)

E(t) = 271f By, A Sin 27Tt cOS 6 = 271%r £ B, 5 COS 6 Sin 277ft

Thus, | Emax = 27T°r2fB, COs 8| , where 6 is the angle between the magnetic field and the
normal to the loop.

(b) If E is vertical, then B is horizontal, so the |plane of the loop should be vertical| and the

|p|ane should contain the line of sight to the transmitter|.

© 2000 by Harcourt, Inc. All rights reserved.
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34.52

34.53

*34.54

(@)

(b)

(@)

(b)

©

(d)

(@)

(b)

©

GM¢m _ [GM,O
Fgrav R2 _D R2 SDD(4/3)

where Mg = mass of Sun, r = radius of particle and R = distance from Sun to particle.

Smr? Frag _CICH 3SR? 01

c Foraw  F HACGM, E

Since Frag =

3SR?
4cGMg p

) 3(214 W/ m?)(3.75x 10" m)2 )
" 4(6.67 x10™ N n?/kg?)(1.991x 10% kg}(1500 kg/m*)(3.00x10° mys) = — T

From the result found in part (a), when Fgray = Frad, We have r=

Bmax = % =16.67x10716 T PP W

2
S, = Cmec — =531 x 10 w/m?|
20,0

P=S, A=|167x101"W
— _EsavD — —23 ~ H
F=PA= D—ETA =[5.56 x 107°° N| (= weight of 3000 H atoms!)
c

The electric field between the plates is E=AV/l, directed
downward in the figure. The magnetic field between the plate's
edges is B = 1yi/2mr counterclockwise.

The Poynting vector is: S= iE xB= % (radially outward)
m

Ho |

The lateral surface area surrounding the electric field volume is

A =2mrl, so the power output is P=SA = E(%r)llﬁz mrrl ) =

As the capacitor charges, the polarity of the plates and hence the direction of the electric field
is unchanged. Reversing the current reverses the direction of the magnetic field, and
therefore the Poynting vector.

| The Poynting vector is now directed radially inward.




*34.55 (a)

(b)

(©

*34.56 (a)

(b)

(©
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The magnetic field in the enclosed volume is directed upward,
di
dt’
The changing magnetic field induces an electric field around any
circle of radius r, according to Faraday’s Law:

with magnitude B = y,ni and increasing at the rate (:TB—uO

E(27tr) = —pon —gnr ) E= 02nr EE;D
or E= ,u(;nr ESI ) (clockwise)
Then, S=iE><B—iEpOnr & %Nonl ) inward,
Ho H2 Ot
or the Poynting vector is S= “022” ES—E (radially inward)

The power flowing into the volume is P =SA;; where A, is the lateral area perpendicular to
S. Therefore,

P= On ri Eglgahrrl Uornr?l 'ESID

Taking A t0 be the cross-sectional area perpendicular to B, the induced voltage between
the ends of the inductor, which has N =nl turns, is

= g|= NBO = 73 2 i
AV =|E|= N 54 Peross =11 nl Duon mr ) UoTm?r?l CgtC
and it is observed that P=(AV)i
The power incident on the mirror is: P=1A= 51340 ﬂzan(loo m)Z] =4.21x10" W
m

The power reflected through the atmosphere is Pg = 0.746(4.21>< 10’ W) =(3.14x10" W
7
s=Pr_ 310 W 15695 w/m?
A n{4.00x10% m)

Noon sunshine in Saint Petersburg produces this power-per-area on a horizontal surface:

Py =0.746(1340 W/ m?Jsin 7.00°=122 W/ m?
The radiation intensity received from the mirror is

[0.625 W/m? [

00% = |0.513%| of that from the noon Sun in Januar
5122 W/ El 0 Y-
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3457
*34.58
@
(b)
3459 (a)

(b)

©

(d)

1 .
U=5 eFmax (Equation 34.21)

Ernax :\/‘23“ =[95.1 mv/m
0

The area over which we model the antenna as radiating is the lateral surface of a cylinder,

A=27r! =27(4.00x107% m)(0.100 m) = 2.51x107% m?

0.600 W

The intensity is then: S= P — > 5 =239 W/m2
A 251x10° m

-3 4 20

The standard is: 0.570 ™MW _ g 5700 MWELLO0X 10" W -1.00x107 em™_ g 7 W
cm Oem?tH 100mw HH 1oom? H m
2
While it is on, the telephone is over the standard by M = [4.19 times
570 W/m

B = 22 = 2 M o107 T
Mo T 300x108m/s =

2m 21T
k=— =

N (0.0150m) ~

w= ke =|1.26 x 10%* rad/s|

Since S is along x, and E is along y, B must be in . (ThatisSOE xB.)
_ Emameax _ 2

Sav = oo 40.6 W/m

P, =§ =[2.71 x 107 N/m?|

-7 2 2
a:E:%:(Z'“xlO N /m?)(0.750 m ):|4.06x10‘7m/52
m m 0.500 kg
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*34.60 (a) Atsteady-state, P;, = P, and the power radiated out is P, =ecAT*.

Thus, 0.900 3000 %Eﬁ = (0.700) .67 x 1078 mZWEIK4 AT
or r-0o 900 W'm? D4: = 115°C
.700(5.67 x 10 W/m? k*){

(b) The box of horizontal area A, presents projected area Asin50.0° perpendicular to the
sunlight. Then by the same reasoning,

W O : o _ - w O
0.90051000 I ASInG0.0 _(0.700)5%.67x10 Al
4
0 (900 W;m?)sin 50.0° ny
or T=0 / 0 =[363K| =900°C
[0.700(5.67 x 10 W/m?K*)
Food
461 (@) P=x =
F:E:E:L{{S:msxmq N = (110 kg)a
c ¢ 300x10°m/s
and X= % at?

a=3.03x10° m/s?

_ 2% _ 4 _
t—\/a =8.12x10 s—

(b) 0=(107 kg)v - (3.00 kg)(12.0 m/s —v) = (107 kg)v — 36.0 kg - m/s + (3.00 kg)v

_36.0
V=119 = 0.327 m/s

© 2000 by Harcourt, Inc. All rights reserved.



316 Chapter 34 Solutions

G

oal Solution

An astronaut, stranded in space 10.0 m from his spacecraft and at rest relative to it, has a mass (including
equipment) of 110 kg. Since he has a 100-W light source that forms a directed beam, he decides to use the
beam as a photon rocket to propel himself continuously toward the spacecraft. (a) Calculate how long it
takes him to reach the spacecraft by this method. (b) Suppose, instead, he decides to throw the light
source away in a direction opposite the spacecraft. If the mass of the light source has a mass of 3.00 kg and,
after being thrown, moves at 12.0 m/s relative to the recoiling astronaut, how long does it take for the
astronaut to reach the spacecraft?

G:

Based on our everyday experience, the force exerted by photons is too small to feel, so it may take a
very long time (maybe days!) for the astronaut to travel 10 m with his “photon rocket.” Using the
momentum of the thrown light seems like a better solution, but it will still take a while (maybe a few
minutes) for the astronaut to reach the spacecraft because his mass is so much larger than the mass of
the light source.

In part (a), the radiation pressure can be used to find the force that accelerates the astronaut toward
the spacecraft. In part (b), the principle of conservation of momentum can be applied to find the time
required to travel the 10 m.

(a) Light exerts on the astronaut a pressure P=F/A=S/c, and a force of
FeSAP_ 1000/S 5454107 N
c ¢ 3.00x10°m/s
-7
By Newton’s 2nd law, a= F_333x10 N_ 3.03x107° m/s?

m 110 kg

This acceleration is constant, so the distance traveled is x = %atz, and the amount of time it travels is

t:\/zl:* 2100m) g 15y10% s=226h

a 13.03x107° m/s?

(b) Because there are no external forces, the momentum of the astronaut before throwing the light
is the same as afterwards when the now 107-kg astronaut is moving at speed v towards the spacecraft
and the light is moving away from the spacecraft at (12.0 m/s—v). Thus, p; =ps gives

107 kg)v - (3.00 kg)(12.0 m/s - V)

0=(
0= (107 kg)v —(36.0 kg [in /'s) +(3.00 kg)v

v:@:0.327 mZs
110
t:f:ngo_as
v 0.327m/Z/s

Throwing the light away is certainly a more expedient way to reach the spacecraft, but there is not
much chance of retrieving the lamp unless it has a very long cord. How long would the cord need to
be, and does its length depend on how hard the astronaut throws the lamp? (You should verify that
the minimum cord length is 367 m, independent of the speed that the lamp is thrown.)
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34.62 The 38.0% of the intensity S =1340 ﬂz that is reflected exerts a pressure P; = fo = 2(03(:%)5
m
The absorbed light exerts pressure P, = % - (0.6C20)S

Altogether the pressure at the subsolar point on Earth is

(@) Po =P +p 138 1.38(1340 W/m?) 16 %10 Pa
TR e T 300x108m/s

5 2
(b) Pa = 101x 10_6N/m 5 :|1.64 x 10° times smaller than atmospheric pressure
Ptot 6.16 x 10 N/m
34.63 Think of light going up and being absorbed by the bead which presents a face area n’rﬁ .

S |
The light pressure is P = T o

2

3
by 43 _apgensmd”® : 2
(@ F=— =mg=pzmpg and = B = [832 x 107 w/m

(b) P=1A=(832x10" W/m?)m(2.00 x 103 m)? =

34.64 Think of light going up and being absorbed by the bead which presents face area nrﬁ .
If we take the bead to be perfectly absorbing, the light pressure is P = S% = % = Z—'
F,C
(@ F =Fg SO I:m: g :mgtz:
A A
/3
From the definition of density, p= m_ 7 m SO L = (i np/m)
\V/ 3 rrrb3 3

/3 /3 3 3
A Oam O
Substituting for r,, 1 =19 Aot = chipDZ o’ _ | 4pgc i 3m

m O3m O 030 OnD 3 Bampd

mr?4pge (Bm /3

3 %NPDD

b) P=IA=
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34.65

34.66

(@)

(b)

©

(@)

(b)

©

(d)

(®)

The mirror intercepts power

P = 13A; = (1.00 x 10° W/m?)(0.500 m)? = 785 W

In the image,

P
|2 ==
A

Emax

27 2uoc

Emax

Bmax = C

785 W
71{0.0200 m)?

SO

- [

Emax = (2HoC 1,)12 = [2(41rx 1077)(3.00 x 10%)(6.25 x 10%)]*/?= [21.7 kN/C

- [f24uT

0.400Pt = mc AT

- J o - o
0.400(785 W)t = (1.00 kg) %1186 —Dkg —5o0(100°C - 20.0°C)

3.35x10°)
TT3l4W

_C_ 3.00x 108 m/s

T f 0 20.0x10°% s

3 ) )
U = P(At =%5.0 108 751.00 10 s)=25.0x107® J=[25.01)
(0= 35010° 1004107 2505

_U_
uav‘V‘

Uy =7.37x107% J/m3 =

U

=1.07x10%s =

- [ P

U

12.0 cm
AT
S/ ’\_/\/k/‘\_/\_l

25.0x107% )

(r2)r (rr2)o(ast) ~ 70.0600 m)*(3.00x10° m/s)(1.00x10° s]

7.37 mi/m?

7 37x1073 J, m3)

o

- /8 85x107%? C?/Nn

5 =4.08x10" V m = [40.8 kV/m|

4
_ 40810 VIM _y 561074 T = [136 T

B :Emax

™ ¢ 3.00x10% mys
_pa =50y _[Fuay O
FePASR 0. O

= Up A = 737 x107 %gn(o 0600 m)? =8.33x107° N =
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c?(m's?)’ Nn? 22 3% NOn _J
34.67 (a) On the right side of the equation, - 7= 4 —3 = =—=W
(c?/Nm?)(mys) c?*on s s
1.60x107%° c|(100 N,C
(b) F=ma=qE or a=£=( _)3(1 ' )=|1.76><1013 m/sz|
m 9.11x107% kg
2 2
2 (160x107) (176 x10%)
The radiated power is then: P= 3= 5= |L75x107" W
67e0¢”  6rfs.85x107%2)(3.00 x 10°)
020 gBr
(& F=ma, =m =qvB so V=—
© r BTE q m
v g (L60x 10‘19)2(0.350)2(0.500) “
The proton accelerates at a=—=—5—= 5 =5.62x10 m/s
room (167x10%)
2 2
_ 2> (160x107°)(5.62x 10%) —
The proton then radiates P= 3= 5= 180x107" W
67e0t”  67(8.85x 10?)(3.00x 107
34.68 p=>-Power__P 00.0 W =[6.37 x 107 Pa
' c Ac 2mrlc 2n(0.0500 m)(1.00 m)(3.00x10% m\s) =
34.69 Fopa=SA-(P/ZAA_P OO Py roke
c c c DZD 2c
Pl (3.00x10%)(0.0600) :
Therefore, 6= = 3 oo 3.00 x 10™“ deg
2ck ~ 2(3.00x10%)(1.00x 10
*34.70 We take R to be the planet’s distance from its star. The planet, of radius r, presents a

projected area nr? perpendicular to the starlight. | It radiates over area 42,

At steady-state, P, =P,y € Iin(nrz) = ea(4nr2)T4

23
ew 7T2)=ea(47rr2)T4 so that 6.00x10%2 W=16m0oR?T*
7T

c‘ 23 | 23
_ 6.00x107 W _ | 6.00x107 W +=14.77x10° m=4.77 Gm

| 16moTt | 167(5.67x10° W/m? IK*)(310 K)
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320 Chapter 34 Solutions

34.71 The light intensity is
The light pressure is
For the asteroid,
34.72 f=90.0 MHz,

@ A=7=[333m]

2
I:SaV:L
2 UqgC
2
P:§: E ZZ%GOEZ
C  2U,C
2
PA =ma and a= €E"A
2m

Ernax = 2.00x1073 V/m = 200 mV/m

T:%:1.11><1O_8 s=

_ Emax _ 12— _
B =~ = 6.67 x 107 T = [6.67 pT

t O

33m 111nsD

O x t 0O X
b) |E=(2.00 mV/m)cos 2 —— Y 5| |B=(6.67 pT)k cos27=
(b) ( ) %.SSm 11.1nsE}| ( P ) B
2 -3\2
(© 1=Emaco  (200x1077) ~=(5.31x10° W/ m?
2UC  2(471x 1077)(3.00 x 10°)
(d) 1=cuy, S0 Uay = [177 %1071 J/m3

_21 _(2)(5.31x107°) _

e) P
© c 3.00 x 108

3.54x107Y Pa




