CHAPTER 21

Quick Quizzes

1.  (c). The average power is proportional to the rms current which is non-zero even though
the average current is zero. (a) is only valid for an open circuit. (b) and (d) can never be
true because i,y = 0 for AC currents.

2. (b). Choices (a) and (c) are incorrect because the unaligned sine curves in Figure 21.9 mean
the voltages are out of phase, and so we cannot simply add the maximum (or rms)
voltages across the elements. (In other words, AV # AVr + AV + AVc even though Av = Avg
+ Aop + Avc.)

3.  (b). Note that this is a DC circuit. However, changing the amount of iron inside the
solenoid changes the magnetic field strength in that region and results in a changing
magnetic flux through the loops of the solenoid. This changing flux will generate a back
emf that opposes the current in the circuit and decreases the brightness of the bulb. The
effect will be present only while the rod is in motion. If the rod is held stationary at any
position, the back emf will disappear and the bulb will return to its original brightness.

4.  (b), (c). The radiation pressure (a) does not change because pressure is force per unit area.
In (b), the smaller disk absorbs less radiation, resulting in a smaller force. For the same
reason, the momentum in (c) is reduced.
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CHAPTER 21
Problem Solutions
211 (a) AV, =+2(AV,)=+2(100V)=[141V |
0 S I

© o= o 2L [2B3A Jor |, =21, =V2(200A)-[283A |

d) ¢, =B R=(200A)*(500Q)=200x10°W =| 200 kW

2 2 2
g p|bha 1) AV, _ (AVy ) _ (AvmaX)
212 o, =k R= [ \/Ej R= 2[ R } R= R’ so R= 20,

(170V)?
If o, =750W ,then R=———~—=/193Q
(@) Pav en 2(750W )

b) If =100W ,then R=——2._=]145Q
( ) Pav 2(100\/\/) -

21.3  The meters measure the rms values of potential difference and current. These are

AVMS:A\/”‘J’X—lOOV 707V | and I, A;“S:ZZ';;’):

21.4  All lamps are connected in parallel with the voltage source, so AV, =120V for each
lamp. Also, the currentis I, .=, /AV, ¢ and the resistanceis R=AV /1 .

150 W 120V
Il.rms: I2.rmszmz 125A |and R1:R22125A :

100 W 120V
:—=-833A and R,=————— =144 Q
Sms 120V ® 0833A
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21.5

21.6

21.7

21.8

21.9

CHAPTER 21

The total resistance (series connection) is R, =R; +R,=820Q+104Q =186, so the

current in the circuit is

L _AVao 150V oo

Rqy 1860

The power to the speaker is then @, = I, Reyer = (0806 A)*(104 Q) =

AV 150V
a) AV, ., =150V, so AV, LaX — =106V
@) AV NN

377 rad/s
by F=2-20 > [600HzZ
(b) F=——==—"——=|600HZ

(9 At t=(1/120) s, v=(150V)si|[ (377 rad/s)(¥120 §) |= (150 V)sin(r rad)=| O]

AV 150V
d = max _ =|300A
( ) Imax R 5000 -

X =——, so its units are
7€

1 B 1 3 Volt _ Volt
(Vsec)Farad  (1/Sec)(Coulom b/Vol ~ Coulom b/Sec Am p

=0hm

J2(av

Imax:\/E IrmS: X MS) :\/E(AV"“S)ZE-IC

(@) L a=v2(120V)27(600H2)(220x10°° C/V)=0141A =[141mA |

(b) 1,,=v2(240V)27(500H2)(220x10° C/V)=0235A =[235m A

L. 52%2272' fC(AV,,¢), s0

c

L. 030A

f= -
27C(AV ) 27(40x10° F)(30V)

=|40x10°Hz
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21.10 lmaszvﬂzzﬂfc(Avmax)

C

=27(900H z)(370x10° C/V)(480V)=0100A=[100m A

2111 1, = AVns o7 fc (AVW] =7 FC(AV, 4 )V2,

X J2
[ 075A
=17x10° F=|17 uF
NE |27 4F]

% C:ﬂf(AVmax)\/E:ﬁ(mHz)(ﬂOV

2112 1, = AVins :(AVW] wC,
X J2

or |m3=[M)(mﬂ rad/s)(600x 10° F)=0224 A =[224m A |

X, =2z, and from |£,‘| = L[i—g ,we have L= % . The units of self inductance are

21.13
then [L]= [<5[']A[IA]@ = VZIt € The units of inductive reactance are given by
mp
[XL]z[f][L]:(i (Volt sec) _ Vol _ -
("amp ) Anp

AV AV

21.14 = o ____ O
s X, (2zfL

(@ L= AVnae 100V750A):424><102H=42-4m|‘|

(27 )1, 27(500H z)(

AV 100V
= o7 F= Dnax ~[042 rad
O o T (424x107 H](250A) /s
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CHAPTER 21

21.15 The ratio of inductive reactance at £ =500H Z to thatat £=600Hz is

_ 500Hz

X —Zﬁ—ﬂ—%,so (xL)2=f( L), = S00H Z(5409)=4509

The maximum current at £ =500H z is then

AV, .. ~2(AV,) 2(100V)
_AVhax _ _ =[314A
L S ST

AV

2116 (a) I,.= X"”sz(AVmS)(ZﬂfC),so
c
-3
I 250x10° A (18413
(AVps)22C  (900V)27(240%10° F)
AV, . AV 900V
b |, =—ms_—"ms_ —486x102 A =[486mA
®) e T2 AT 24184 H 2)(0160H) * 4BEmA

21.17 From L= N CIDB , the total flux through the coil is @ =N @ =L- I where @ is the

flux through a single turn on the coil. Thus,

(AV, )
(@ vma) =L+ o = L X, )

L Y2(av,)  V2(120V)

= =[0450T-m?
27fL  27(600Hz)
2118 (a) X, =27fl=27(500H2)(400x10° H)=126Q 4%6%
6 50.0 443 _|
1 1 Hz WF 7]
X¢ = = —_=7190 00
27fC  27(500H z)(443x10°° F) SWW

Z =[R2+ (X =X, )" =[(500 Q) + (126 0~ 719 Q)* = 776 Q

AV, .. =1 .,Z=(0250A)(776 Q)= 194V
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CHAPTER 21

XL—XC):ml(QGQ—719Q

(b) ¢=1anl[ 2 200 ]=—499°

Thus,

the acunrent keads the vollage by 49 &° ‘

2119 X, =27 fL=27(600HZ)(200H )=754 Q

1 1

X = =
° 2zfC  27(600Hz)(100x10° F)

=265Q

Z=R2+(X_ - X. ) =|X, —Xc|= 4890

@ tyo- o IOV go05p -[DBMA

Z 4890
(B) V= by X, =(0205.A)(754 0) <[ 154V |

(C) AVC,rms: ImsXC:(0205A)(2659):

m1[754§2(—)265 Q] ()

=
ASS
Il
gp
A/
X
o
P
Pad
(@]
~—
I

AVL' ms — 154V

AVims = AV, rms —AVc, rms = 100 V
90.0°

AVC’ ms — 543 V

2120 (a) X, =27fl=27(500HZ)(0250H)=|7850Q]

1 1 ~ s o
(b) XC_2;zfc:_zyz(soon)(zooxlo*6 F)_159X10 Q=[150k0]

(© Z=yR2+(X_-X.) =\/(150 Q) +(785Q-159x10° Q) =[152kQ]

AV 210V
d —2Vmax _ =0138A ={138mA
G z 152x10° Q -
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_1an,1K785Q—159x 10° Q)
150 O

(e ¢= Enl[%j —843,

or | the cunrent eads the voltage by 843 |

2121 (a) X, =27fL=27(240HZ)(25H)=38x10°Q

1 1

= = = 2.7X 103 Q
271C  27(240H 2)(025x 10° F)

Xe

Z=\R?+(X - X, ) :\/(9OOQ)Z+[<38—2.7)><103 o]’ =[14k0]

AV 140V

(0) Ly=—2e

= = 010A
z 14x10° Q

() ¢= 1an1[XL ;QXC) - ml{(SB—sc.;)glOQ’ Q}z

(d) ¢>0,s0|the voliage kads the current|

2122 AV, =400V and o=27rT=100 rad/s
(@) X, =wl=(100 rad/s)(0160H)=1600

1 1
Xe=—"= =1010
© C (100 rad/s)990x10° F)

Z=\R?+(X,_ —X. )" =[(680Q)* +(160 Q- 101Q)* =[109 0

AV 400V
b = M8 — =0367A =[{367mA
( ) Imax Z 1090 -
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21.23 X, =27 fL=27(600H z)(0400H ) =151 Q

1 1
~27fC 27(600Hz)(300x10° F)

X, =8340

Zaic =\/R2+(XL—XC)2 =\/(60.OQ)2+(151Q—884Q)2 ~736 0

( AV [9oovj
AVe me= b o Zoe =| =—22Zsc = (8860Q2)=| 109V
RC, RC LZRLC) RC 736Q
1 1

=177 Q

2124 (a) X = =
@ Xe=%r1c 27(600H z)(150x 10° F)

Zae =[RZ+ X2 =[(500 Q)+ (177 Q)* =184 Q

AV 120V
| =—ms-" —-0653A=|653mA
RC.ms Zee 1840 -
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CHAPTER 21

IRC ,ms

(b) Addition of the inductor creates a full RLC circuit. If k. .= , then

Zero =27 =2(184Q) =368 Q).

Thus,  ZZc =R%+(X_—X¢)*=(500Q)" +(X_-177 Q)° =(368Q),

or X, —177 Q=+,/(368Q) - (500 Q)* =+365 Q.

Since X >0, it is necessary to choose the positive sign, giving

542 Q
X, =27zFL=366Q+177 Q=542 Q, L=——=|144H
L or 27[(60.0HZ) -

1 1

- - =133x10° Q
27fC  27(600HZ)(200x10™ F)

21.25 X ¢

Zoe =+JRZ+X2 =\/(50.0><103 Q) +(133x10° Q) =133x10° 0

AV e v
and Ilms:( dary)msz © 000 :3.76X10_5A
Zec 133x10° Q

Therefore, AV, o= b, R, =(376x10° A}(500x 10° Q) =[ 188V |

2126 (a) X, =27 fL=27(100HZz)(205H)=129x10" Q 2”(2)5225;
200 V. 1
S AV 200V o 100 Hz C=
I,. 400A 350 Q
Thus,

X, —Xo =+VZ2-R?=+,/(500Q)* - (3500Q)* =+357 Q,

=129x10° Q + 3B7Q

1
and X, =X £357Q or s

This yields

C= 1 =‘123nF or 124nF

~ 27(100H2)(129x10° Q + 357 Q)
185




21.27

CHAPTER 21

(®) (AVpe)oy=tmeZan=IWRZ+X{ =(400A )\/(500 Q)*+(129x10* 9)2

—515x10* V =

Notice that this is a very large voltage!

X, =27 fL=22(500H z)(0185H )=581Q
Xo=—t - = ——=4900
27fC  27(500Hz)(650x10°° F)
Zo =[R2 +(X =X, )" =[(4000Q) + (8810 - 490 Q) = 4100
AV /N2
and I,mS:AV““S:( / ): 150V =2585A
Z., Z. (410 Q)2
@) Z,=R=400Q,s0 (AV, ), =1,.Z,=(2585A)(400Q)=| 103V
(b) Zn=X_=581Q,and (AV, ) =1,.Z,=(2585A)(5810Q)=|150V
(© Zg=Xc=490Q,and (AV, ), = I, Zq=(2585A)(490Q) =127V |
(d) Zyg=[X, -Xc[=915Q, 50 (AV, ), = s Zyy =(2585A)(915Q) =| 236V |
@ X =—1 ! _8840

" 271C " 27(600HZ)(300x10° F)

Z=JR?+X2 = /(500Q)* +(834Q)* =102 Q

| AV, _1oov
meT o Z 120

¢= mn‘l[—o_xcj = mn-l(_88'49) =-605°
R 500 Q

=0984 A

and pow er Boor = QoS¢ = s(-60 5°) =

©a = (AVs) s 00Sg = (100 V )(0984 A )(0492) =
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(b) X, =27f=27(600H z)(0300H)=113Q

Z=R?+ X2 =/(500Q)" +(113Q)* =124 0

AV, 100V

I _ ms

msT oz 124Q

¢:1an1(xc —o) :ml( 1139) e
R 00Q

=0809A

and pow er Bctor= cos¢ = c0s(66.1°) =| 0404

©a =(AV o) I, s COSP = (100 V)(0809 A )(0.404) =

AV 104 V
21.29 (a) Z= I""S=0500A=

ms

100W
b — B R gives R = 2av _ _[4000
() SOaV ms gV Iﬁns (OSCDA)Z

(©  Z=yJR°+X2,s0 X, =+/Z°—R? = /(208 Q) - (400 Q)? = 204 O

X 2040
d  L=2t- - [0B41H
o 2rf 27(600H2) [054LH |

21.30 Since the current leads the voltage, the phase angle is negative,
so ¢=-53°.

(a) L(Oav = Ifm SR = (Avm S) Irm s COS¢ , glVlng

= {efor=( Bk o -2

X, =X
(b) tang= LR € so X,_—XC=R1an¢=(24Q)1an(_530)=
(C) 8 av :(Avrms) |mSCOS¢:(24OV)(6.OA)mS(—530)=8-7X102 w :
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231 @) pa= BR =l (lR) = ha(AV, ) 50 by =2 -V g2
: AVq o 5OV
AV
Thus, R=-—fme_ OV g a
I. O028A

(b) Z=,/R*+X?, which yields

—Jz?2-R?- (Av—m] —RZ:\/( 0V jz—(lsxlo2 Q) =27x10° 0

028A

ms

X, 27x10°Q

d _[071H
o “2¢f 27(60HZ)
21.32 o =27rf=1000 rad/s and AV, , =100V

X, =L =(1000 rad/s)(0500 H ) =500 O

1 1
X, =——= =2000
© oC (1000 rad/s)(500x 10° F)

Z =[R2+ (X, =X ) =/(400 Q) + (500 Q- 200 Q) = 500

e S R E- A

21.33 The resonance frequency of the circuit should match the broadcast frequency of the
station.

N 42 €C

1
=229x10° H =229 /H
47%(889x 10° Hz)'(140x 10 F) g (229,44 ]

or L=
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CHAPTER 21
21.34 The broadcast frequency of the station is equal to the resonance frequency of the tuning
circuit.

1 1
27l 27,[(0200x10° H)(300x 10 F)

L

=205x10°Hz=|205MHzZ

c 300x10° m/s
A=—=——"—"-"—"1-"=1146m
€ 206010 Hz "]

1

1
21.35 =————,50C=—p
i 27-/LC 47° FL

For §=(%) . =500kHz=500x10°Hz,

C=C,.. 1 =51x10° F=|5LnF]

) 47%(500x10° Hz)"(20x10° H)

For §=(%) _ =1600kHz=160x10°Hz,

C=Cpp = 1 =49x10° F=[49nF]

47%(180x 10° Hz) (20x 10° H)

21.36 The resonance frequency is w, =27€ =

1
JLC

Also, X, =wL and X :i.
oC

1 L [ 300H
At , X=X, = L:[—)Lz — =, |[m————=—==1000 Q.
(@) resonance, X L =0, NI c 300X 10° F

AV 120V
Thus, Z=+vR?*+0*°=R, | _=—ms =400A,
msoz 3000

and Pa = B R=(400A)*(300 Q)= 480W |
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() Atw:%wo;xLZE(xL

J(xu,,) =500, Xc=2X|, |=20008,

g

Z=R?+(X_-X. )’ =[(300 Q)7+ (500 Q- 2000 Q)* = 1500 2,

and I, .= 120V =00800A ,
1500 Q
50 @, = I2, R =(00800A)*(300Q)=[0192W

(©) At a):zlla)o; X, =711(XL|@D)=2509, X, =4(xc|w0)=4ooogz,

120V
3750 Q

Z=3/0Q,and I, .= =00320A,

s0 @, = 12, R=(00320A)*(300Q)=307x102W =

(d) Ata)=2wo;XL:Z(XL|wO):2000Q,XC:%(XC%):SOOQ,
Z=1500Q, and I, =22V _00800A,
1500 Q
50 o = 12, R =(00800A )*(300Q)=[0192W
() At w=4wo;XL=4(XLI%)=4OOOQ,Xc=;11(><cwo):250ﬂ,

Z-370Q,and I .- 22V _op30A,
37500

50 0, = I R=(00820A)*(300Q)=307x102 W =[307mW |

The power delivered to the circuit is a maximum when the rms current is a
maximum. This occurs when the frequency of the source is equal to the resonance
frequency of the circuit.
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1 1

21.37 oo -
S AN J(100x10° H (100 10 FJ

— 1000 rad/s

Thus, @ =2w,=2000 rad/s,
X, =L =(2000 rad/s)(100x10° H)=2000

1 1
Xo=—"= =5000Q
° @C (2000 rad/s)(100x 10° F)

Z:\/R2+(XL_XC)2 :\/(1099)2+(209Q—5m(2)2 =1800

| _ AV, 500V

msT oz 180Q

=277A

The average power is ¢, = I2, R =(277 A)?(100Q)=769W ,

and the energy converted in one period is
2n ( 2z )
E=p, T= w(—j =(769§]- —|=|0242]
v © ® LZOOO lad/sJ

21.38 (a) sz,m:%(AvLm):l—lS(lzov): 923V
1

(b) For an ideal transformer, (sz,rm s) L= (AVl,,m S) 1

1,ms

oL AVims) (N,) ll,ms=(13

Z,WSZLWMJ 1,m5=kN—2) T](OSSOA): 455A

© Pa=(AVs ) e =(928V)(455A) =[420W |

(AV, o) 2200
2139 (@ Na=| 5222 = Sy oo umo-[TE00 i
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(b) For an ideal transformer, (AVLrm s) Lons= (AVZ,rm S) 1

2,Mms

[sz ) 2200V
L, .= T2 =(—) 15A)=|30A
SO 1,ms LAVLWSJ 2,ms llOV ( ) -

AV, 170V

1,ms \/E - \/E

Then, sz,m:%@vms):%{%}.

1

21.40 AV

2141 (a) At 90% efficiency, (9., )y = 090(Pa)ie-

Thus, if (p,,), . =1000 KW ,

output

av ) outpu
the input power to the primary is ( goav) = ( ) oo 100KV 11x 10 kW

nut g0 090

(Soav)-nput _11x10° KW 11x10° W
AV AV ~ 3600V

=31x10% A

(b) Lms=

1,ms 1,ms

(P ) 1000kW  10x10° W
AVyms AV, 120V

=/83x10° A

(C) I2,rms =

2,ms 1,ms

Ine —

2142 Ry, =(450x10"* Q/m )(644x10° m ) =2900

(@) The power transmitted is ( goav) = (AV,m S) I

trensn itled ms’

(P ) gorr s 500x10° W
500x 10° V

so |l .= =100A

ms AV

ms

Thus, (Pa ) e = lonsRime = (100A)*(290 Q) =2.90x 10* W = 290 kW

s'‘hhe —
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(b) The power input to the line is

(P av) sone = (P ) gne s + (P2 ) g = 300x 10° W +290x 10" W =5.03x 10° W

nput -

and the fraction of input power lost during transmission is

iy (P e _ 290x10°
_(goav)hput_ 503x 10°

w ~[0.00580 or 0580

(c) Itisimpossible to deliver the needed power with an input voltage of 4.50 kV. The
maximum line current with an input voltage of 4.50 kV occurs when the line is
shorted out at the customer’s end, and this current is

_ 4500V
2900

ms

=155A

(I

ine
The maximum input power is then

(So'nput)max :(AVmS)(Irm S)max
=(450x10° V)(155A)=698x 10" W =698 kW

This is far short of meeting the customer’s request, and all of this power is lost in the
transmission line.

21.43 From V= AT, the wavelength is

18
v _300x10° M/S_ 430, 108 m = 4000 km
T 75Hz

A=
The required length of the antenna is then,

L=4/4=| 1000 km | or about 621 miles. Not very practical at all.

1

VHo S

2144 c=

- 1 =|2998x10° m/s|.

J(47x107 N -&/C?)(8854x 1072 C*/N -m ?)
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21.46

21.47

21.48

21.49

21.50

CHAPTER 21

E,. E 220 V/m ,
m :C, Bmax= max _— =7.3:3 10 T= 733nT
B 5 c 300x10°m/s 33T

max

E
(@) From —~*=c,

Enax = BraxC=(15%107 T)(30x10° m /s)=[45 V/m |

(b) The average power per unit area is

iensity - EnsBhsc _ (45 v/m)(15x107 T)

=27 W /m?
241, 2(47x107 T-m /A /

The distance between adjacent antinodes in a standing wave is 4/2.

Thus, 1=2(600an )=120an =0120m , and

c=4F=(0120m )(245x10° Hz)=|294x10° m /s

At Earth’s location, the wavefronts of the solar radiation are spheres whose radius is the

Sun-Earth distance. Thus, from Ihtensity = Par _ Sg—a", the total power is
A 4rr
9o = INENSity)(477°) = (1340 W—zj [47[(1.49>< 10" m )1 =[374x10% W
m

2
From htensity= Em;XBmaX and Emax =C, we find Intensity = Csﬂ

Ho m ax Ho

Thus,

24 ~ [2(47x107 T-m/A) 2\ _[33210° T
B = C(hiensﬂy)_\/ 300x10° m/s (1340W/m )_ -

Then, E, , =B, ,C=(335x10° T)(300x10° m /s)=[101x10° V/m

f:E:M: 545x 10" H z
A 550x10"m
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21.51 (a) For the AM band,

c 300x10°m/s
/1 - = = = 1%”]
"R f  1600x10° Hz

c 300x10° m/s
A= = =|556m
O R T
(b) For the FM band,

c 300x10° m/s
"mof, 108x10°Hz

c 300x10° m/s
max t. 88x10° Hz

c 300x10° m/s
2152 A=—=———""-1110m
f 2733x10°Hz

21.53 The total distance traveled (out and back) was

2d=q(At),,=(300x10° m /5)(400x10* §)=12.0x 10" m

Thus, the distance to the object is d=600x10* m =

21.54 The transit time for the radio wave is

3
g oG 100x10°M oo 104 s-0333ms,

c 300x10° m/s
and that for the sound wave is

=% - 30M g7 10%s-87ms

Vora 343 M/sS

sound

Thus, | the rad D Isteners hear the new s84 m sbefore the stud b aud Ence | because radio

waves travel so much faster than sound waves.
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21.55 (a) AV, s =%(AV1,rm )

1

o (322t s 224 (i

i,ms

(b) For an ideal transformer, (goav) —(goav)wwt:(AVZ,m S) Lo

nput

Thus,  (Pa )y =(90V)(0400A)=

21.56 (a) Z:\/R2+(27rfL)2:\/(SODQ)2+[27T(6O.OHZ)(250H)]2:94GQ

AV, 110V
Th I, = —Mms=""_"_-0116A =|116mA |
us =Tt [16mA|

LAV 110V e
R 8000

© @uc=B R=(0116A)*(800Q)=|108W
©oc = BcR=(138A)%(800Q)=|151W

(AV),. 120V

21.57 R= -
L. 0630A

=1900Q

2 JRe+ (2] - AVpy 240V
I 0570A

ms

JZZ-R? \(4210Q) -(190Q)

Thus, L= = =996x10%H =|96mH
. 2 f 27(600H 2) g 995mH |

=421Q
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CHAPTER 21

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

(17m)(03m )cos30°=04m 2.
The intensity the radiation at the Earth’s surface is k,,ge =06 Ly, 1y and only 50% of

. 9 _(AE/AY .
this is absorbed. Since 1= AT A the absorbed energy is

AE = (05,000 ) A (AY =| 05(06 L 1) | A (AY

=(05)(06)(1340 W /m ?)(04m *)(3600 9) =6x 10° J| ~10° J

Z=\R?+(X.)’ = |R*+(2rFC)

- \/(200 Q) +[27(60H2)(50x10° F)]* =57x 107 ©

AVms)ZR _[ 120V

2
> j (200Q)=89W =89x10"° kW

Th ’ :I2 R:( _
U5 Pa = Ims 57x10° O

and  aost=AE-(rafe) = g, - At (rate)

=(89x10° KW )(24h)(80 centy/kW h)=[17 cents]

X =oL,so o=X_/L

1
~wC C(X_/L)

Then, X, which gives

L=(X,-X¢)C =[(12Q)(80Q)]C or L=(9%60Q%)C 1)

1
(27 )"

From o, , we obtain LC =

1
b
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Substituting from Equation (1), this becomes (96 QZ)C = (27:15)

1 1

C= = =26x10° F=| 26 uF
o (27 §)V96Q? [ 27(2000/7H 2) [V96 "
Then, from Equation (1),

L=(960%)(26%10° F|=25x10° H =.

(@) The box cannot contain a capacitor since a steady DC current cannot flow in a series
circuit containing a capacitor. Since the AC and DC currents are different, even
when a 3.0 V potential difference is used in both cases, the box must contain a
reactive element. The conclusion is that the box must contain a
‘ resisbrand -ndUClDr‘connected in series.

AV 300V
b R=—2D2¢= =110Q
® R oa0a

AV
2-Vs_ 300V

= =15Q
0200A

ms

Since Z =R+ X2 =[R?+ (27 FL) , we find

JZZ_R?  J(150Q)*-(10Q)?
ST 27(60 H 2) =[30mH |

00x10° m
(@) The required frequency is f= <o BX—_Z/S =10x 10" H z. Therefore, the
A 300x10°m

1

=10x 10" Hz, givin
27 LC & &

resonance frequency of the circuitis € =

1 1
C= - ~63x10" F=[063pF
(27%)°L (27x10° Hz)’(400x 10 H) " [0s3p]
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cd_ \/(63x 10 F)(10x10° m)

- < =[85
885107 CON m oo 0!

(© Xc=X_=(27F)L=27(10x10° HZ)(400x 10" H ) =[ 25 Q]

S

21.63 (a) Emax =C, so

max

—6
Bmaszmax2020><108 V/im 6710 T
C 300x10° m/s

- E, B
(b) htensity = ——2"2
2uy

_(020x10° v/m )(67x10°° T) /m?
2(47x107 T-m/A)

xd?

(©) 4 =(INtEnsity)- A =( IntEnsity) {T}

=[17x10% W

4

=(53x1077 W /m 2){”(20—0””2}

AV
2164 (a) Z= "“S—ﬂz

.. 20A
b R=Nec LV _ 450
L. 30A

From Z =\R®+X? = [R®+(2zfL)", we find
| _NZP-R®_\(609)°-(400)°

2zf  2z(60H2Z)

=12x10%H ={12mH
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21.65 (a) The radiation pressure on the perfectly reflecting sail is

_2(tensity)  2(1340 W /m ?)
c  300x10°m/s

=893x10° N/m?

so the total force on the sail is

F=p-A=(893x10° N/m?)(600x10* m ?)=[0536 N

_F _0536N
m  6000kg

(b) =/893x10° m /&

(c) From Ax=v,t+ :—2Lat2, with v;=0, the time is

2(Ax) [ 2(384x10°m) . ( 5]
t= = 293x10
a \/893><105 m /< =(293 8.64><104 Xl

Also, for an ideal transformer,

AV
AV

(Avl-"“ S) Lims= (sz.rm s) L, .. which gives :Lms -

2,ms

2,ms 1,ms
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21.67 Consider a cylindrical volume with volume of
V=100Liter=100x10°m?®
and cross-sectional area A=100m ?.
The length of this one liter cylinder is

-3 3
g=Y 100" M- ;o000
A 100m

Imagine this cylinder placed at the top of the Earth’s atmosphere, with its length
perpendicular to the incident wavefronts. Then, all the energy in the one liter volume of
sunlight will strike the atmosphere in the time required for sunlight to travel the length
of the cylinder. This time is

-3
Ate d 100x10°m

=—=———"———=333x10"s
c 300x10° m/s

The energy passing through the 100m ? area of the end of the cylinder in this time is

AE =, - At=[ (Intensity)- A |- At

=(1340 W /m ?)(100m *)(333x 107 §) = 447 x10° J

201



CHAPTER 21

Answers to Even Numbered Conceptual Questions

10.

12.

14.

16.

18.

At resonance, X, =X, . This means that the impedance Z = \/ R%+ (X L= Xe )2 reduces to
Z=R.

The purpose of the iron core is to increase the flux and to provide a pathway in which
nearly all the flux through one coil is led through the other.

The fundamental source of an electromagnetic wave is a moving charge. For example, in a
transmitting antenna of a radio station, charges are caused to move up and down at the
frequency of the radio station. These moving charges set up electric and magnetic fields,
the electromagnetic wave, in the space around the antenna.

As an electromagnetic wave travels through space, the things that move are fluctuations in
electric and magnetic fields oriented at right angles to one another. These fluctuations in
the fields transport energy as they travel along.

The average value of an alternating current is zero because its direction is positive as often
as it is negative, and its time average is zero. The average value of the square of the
current is not zero, however, since the square of positive and negative values are always
positive and cannot cancel.

The brightest portion of your face shows where you radiate the most. Your nostrils and
the openings of your ear canals are particularly bright. Brighter still are the pupils of your
eyes.

No, the only element that dissipates energy in an AC circuit is a resistor. Inductors and
capacitors store energy during one half of a cycle and release that energy during the other
half of the cycle, so they dissipate no net energy.

No. Only conductors in which the current is varying in time will emit electromagnetic
waves.

If the capacitance and the inductance are each doubled, the resonance frequency will be
cut in half. The value of the resistance does not affect the resonance frequency.
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Answers to Even Numbered Problems

10.

12.

14.

16.

18.

20.

22,

24.

26.

28.

30.

32.

34.

36.

38.

40.

42,

(@) 193Q (b) 1450

Loo=bn=125A,R,=R,=960Q, L, =0838A,R,=144Q

(@) 106V (b) 60.0 Hz (0 0 (d) 3.00A
(@) 141mA (b) 235 mA

100 mA

224 mA

(a) 424 mH (b) 942 rad/s

(@) 184 Hz (b) 48.6 mA

(@) 194V (b) current leads by 49.9°

(@) 785Q (b) 159kQ () 152kQ
(d) 138mA (e) current leads the voltage by 84.3°

(@) 109Q (b) 367 mA

(@) 653 mA (b)y 144 H

(@) 123 nF or 124 nF (b) 51.5kV

(@) 0.492,485W (b) 0.404,32.7W

(@) 24Q (by -32Q (c) 0.87kW
8.00 W

2.05 MHz, 146 m

(@) 480W (b) 0.192W (c) 30.7mW (d) 0.192W () 30.7mW
Maximum power is delivered at resonance frequency.

@ 923V (b) 455A (€) 420W
687 V
(@) 29.0 kW (b) 0.580%

(c) The maximum power that can be transmitted at 4.50 kV is far less than 5.00 MW and
it is all lost in the transmission line.
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44.

46.

48.

50.

52.

54.

56.

58.

60.

62.

64.

66.

CHAPTER 21

2998x10° m /s

(a) 45V/m (b) 27 W /m?
374x10%° W

545x 10" H z

11.0m

Radio listeners hear the news 8.4 ms before the studio audience because radio waves
travel much faster than sound waves.

@ 116 mA (b) 138 A (©) Pac=108W , .. =151W
~10° J

2.5 mH, 26 uF

(@) 0.63 pF (b) 8.5 mm () 22Q

(@) 60Q (b) 12mH

32
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