Chapter 21

Alternating Current Circuits and
Electromagnetic Waves

ANSWERS TO MULTIPLE CHOICE QUESTIONS

In an electromagnetic wave, the electric field E. the magnetic field B, and the direction of
propagation of the wave are always mutoally perpendicular to each other. Thus, with B{in the
—x-direction) and the direction of propagation (+y-direction) both in the xy-plane, E must be
parallel to the z-axis, meaning that either (c) or (d) must be the correct answer. To choose between
these possible answers, recall the Aght-hand rule for electromagnetic waves (see Section 21.11 in
the textbook). Hold your right hand. with the fingers extended. so the thumb is in the direction of
propagation (+¥) and your palm is facing the direction of B (—x-direction). Then the orientation of
the extended fingers is the direction of the electric field E. You should find this to be the negative
z-direction, so the correct choice is (d).

When the frequency doubles, the rms current [ = AV, /X, =AV, _ /2rfL is cut in half.
Thus, the new current is /_, = 3.0 A/2=15 A and (&) is the correct answer.

At the resonance frequency, X, = X, and the impedance is Z=4R* +(X, - X, ]-! = R. Thus, the
rms current is [_, = AV_ (Z=(120V}/(20 2)= 6.0 A , and (b) is the correct choice.

AV, . =1_X, =1_(2xfL)=(20 A)2x(60.0 Hz)[ (1.0/2)H =120 V. and the correct
answer is choice (c).

ANSWERS TO EVEN NUMBERED CONCEPTUAL QUESTIONS

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

PROBLEM SOLUTIONS

Faor an AC circuit containing only resistance (the filament of the lightbulb), the power dissipated
is P=1 R=(AV__ /R R=AVZ [R=(aV_ /N3] [R.
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(c) Because B =% (see above), if the bulbs are designed to operate at the same voltage,

L]

| the 100 W will have the lower resistance ]

214 All lamps are connected in parallel with the voltage source, so AV =120V for each lamp.
Also. for each bulb, the current is [ = P, /AV_ and the resistance is R=AV_ /I .
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(a) ';__. =/2(120 V)2 (60.0 Hz)( 2.20 % 10-* C/V)=10.141 A =[141 mA]
() I =~2(240 V)27 (50.0 Hz)(2.20%10°* C/V)=0.235 A =[235 mA]
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Then, when AV_ =100V and f=350.0 Hz, the maximum current will be
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2137 The resonance frequency of a series RLC circuit is f = IJ.-'r[lTJLC }I Thus. if L=1.40 gH and
the desired resonance frequency is f, = 99.7 MHz, the needed capacitance is

1 1 a2
C=—Fmr= =1.82x 10" F =[1.82 pF]
AT f7L 477 (99.7x10° Hz) (1.40 % 10 H) : :

21.38  The resonance frequency of a series RLC circuit is f = JI.I'II(EE'JLC' }I Thus, the ratio of the reso-
nance frequencies when the same inductance is used with two different capacitances in the circuit is

_II'-_,|';._I = 2.84 kHz when C, = 6.50 uF, the resonance frequency when the capacitance is
C, =980 u4F willbe
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