Chapter 24

Alternating-Current Circuits

Answers to Even-numbered Conceptual Questions

2.

10.

12.

14.

16.

18.

20.

Light will attain its maximum brightness 120 times per second; that is, twice per cycle.
The reason for the factor of two per cycle is that the current reverses direction every cycle,
and the bulb will be brightest when the current is a maximum in either direction.

The intensity of the light bulb will decrease if the frequency of the generator is increased.
The reason is that inductors oppose any change in current, and the more rapidly the
current changes the stronger the opposition. Thus, as the frequency is increased, the
current in the circuit decreases, and the light bulb becomes dimmer.

Current and voltage are not always in phase in an ac circuit because capacitors and
inductors respond not to the current itself — as a resistor does — but to the charge
(capacitor) or to the rate of change of the current (inductor). The charge takes time to
build up; therefore, a capacitor’s voltage lags behind the current. The rate of change of
current is greatest when the current is least; therefore, an inductor’s voltage leads the
current. Resistors, of course, are always in phase with the current.

As the frequency is increased, the inductive reactance increases as well. Therefore, at
frequencies greater than the resonance frequency of an LC circuit, the inductive reactance
is greater than the capacitive reactance. As a result, the inductor dominates, and the
voltage leads the current. This means that the phase angle, ¢, is positive.

No. In a dc circuit the frequency is zero, which means that the inductive reactance is zero
as well. Therefore, the inductor has no effect at all on the current in the circuit, nor on the
brightness of the bulb. In a dc circuit, an ideal inductor is the same as a piece of zero-
resistance wire.

At low frequency, the capacitor is essentially the same as a break in the circuit, whereas
the inductor is essentially an ideal wire. It follows, then, that more current will be
supplied by the generator if the inductor and the capacitor are connected in parallel.

Recall that charge in an RLC circuit is the analog of position in a mass-spring system.
Therefore, the current — which is the rate of change of charge — is analogous to the
velocity — which is the rate of change of position. (See Table 24-2.)

Yes. All that is required for their resonance frequencies to be the same is for the product
of L and C to be the same. (See Equation 24-18.)

At high frequency, we can replace the inductor with an open circuit. At low frequency,
we can replace the capacitor with an open circuit. In either case, the effective resistance
of the circuit is R; therefore, the current is the same.

At high frequency, the capacitor behaves essentially the same as an ideal wire, which
means that the effective resistance of the circuit is R/2. At low frequency, the capacitor is
basically a break in the circuit. In this case, the effective resistance of the circuit is R. It
follows that the current in the circuit is greater at high frequency.
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22.

24,

26.

In a dc circuit, an ideal inductor behaves the same as an ideal wire, and a capacitor
behaves the same as a break in the circuit. Therefore, the circuit in Figure 24-28, with an
equivalent resistance of R/2, draws more current than the circuit in Figure 24-29, with an
equivalent resistance of R.

Adding a second capacitor in parallel with the first has the effect of increasing the
effective capacitance. If the capacitance is increased, we can see from Equation 24-18
that the resonance frequency will decrease.

The value of the resistance does not affect the resonance frequency, as can be seen from
Equation 24-18. The maximum current in the circuit is inversely proportional to the
resistance, however. Therefore, the maximum current will be reduced by a factor of two.

Solutions to Problems

1.

1 1
Vims :EVmax :ﬁ(“s V)=

Vinax = N2Vems =~2(240 V) =
p VN2 2020V)

[max [max 22 A

. @) Py =ImR=(0.85A)>(150 Q) =[110 W

(0) Prax = Ipax R = (N21,100)* R = 2(0.85 A)* (150 Q) =[ 220 W

)2 (101\/)
(a) })av: rms — \/E 3
R 333x10°Q

ST

2
by b =V (101 V)

max
R

= =[3.06 W
3.33%x10°Q

2 2
v 120V)

a) R=—15_= =-19OQ
@) P, 5 W

av

v V2V N2(120 V)
b) I = max _ ms =|0.88 A
(b) Timax R R 192 O

(©) Ppax =2P, =2(75W)=[150 W

Squaring the voltage gives 25 V2 for both voltages of 5.0 V and 5.0 V.
S0, Vims = \/(Vz)av = \/25 V2 =50V.
v

rms = Vimax

112



Physics: An Introduction Chapter 24: Alternating-Current Circuits

8. C——1 11 =43 uF
oXc  27(57 5765 Q)

1 1
COXC B 27[ch

1 2;zfXC 11050
'= =(60.0s =|86.9 Hz

9. C=

10. I =@CVppe = 27(100.0 s~ 1)(105x107° F)(20.0 V) =[1.32 A
11. (@) Iy = @CVyps = 272(52 s71)(0.010x107 0 F)(1.4 V) =| 4.6 uA

(b)) Ty =@CVa =27(52 57 1)(0.010x10 0 F)W/2(1.4 V) =

.
12, @) Ly =2 = V2V @C=~2(12.0 V)27(30.0 s1)(45.5x10° F) = [ 146 mA

C

(b) V =V sin(6—90°)

0 =sin”! 4 +90°

max

I=1p, sinf=1,. sin[sin_l + 90°j = (145.5x10° A) sin[sin_l BV, 90°J =[138 mA

V2120 V)

max

(©) =1, sinl =(145. 5><10_3A)sm(180°—s _lﬂ+90°J= —138 mA

V2(12.0 V)

I 0.15A
13. () Vi = Xl = 22 = =[90vV
@ Vinax = Xehnax =7, 272(120 s71)(22x107° F)

1010 A
—90° | = (9.04 V)sin| sin ' ———-90° | = -6.7 V
|08 vysin{ s 52|

(b) V =V SIN(@—90°) =V sin[sin_l

max

(©) V=Vyax sin@ =V sm{180° —sin~!

_10.10 A
—90° 9.04 V)sin| 180°— 1— 90° |=[ 6.7V
|- 008 s e

max
14. (@) I =0CVppe = 272(1.00x10° s71)(0.395x107° F)(10.0 V) =| 24.8 mA

(b) Since the current is directly proportional to the frequency of the voltage, doubling the frequency the
current.

(©) I =27(2.00x10° s71)(0.395x107° F)(10.0 V) =] 49.6 mA
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15. (a) XC:II/““S: 0500V _Miska

ms 0430107 A

o -] | (7574

©oXc  27(1.00x10% s )(1.163x10° Q)

(©) Iomg =0CV,ng =27 £(0.1369x107° F)(0.500 V)

For f'=2.00 kHz, / ;s = 0.860 mA.
For f =10.0 kHz, I ., = 4.30 mA.

1 I 27x107° A
16. (a) C= _ tms _ 27x10 =[6.0 uF

S 0Xe OV 272(60.0 (12 V)

(b) The current in the capacitor is directly proportional to the frequency, so the current will if the
frequency increases.

(©) s =0CVons =27(410 s71)(5.97x107 F)(12 V) =| 180 mA

17. 10 =0CVx =27 forax CN2Vins) = 2827 £y CV s < 1.0 mA
-3
foe 1.0x10 6A 3t
2427(0.22x107° FY(12 V)

0< f<43Hz

18. Iy =@CVyng = 271 CVips

-3
fodms 7.50x1073 A 55t

20CVs  22(0.0150x107° F)(504 V)

27(60.0 s71)(95.0x107° F)

2 2
19. 7- Rh(%) - (25.59)2{ ! } -[37810
w

% % 200V
20, [ =oms __ Fms ~[1.69 mA
s =L S :
R +( ) (10.O><103Q)2+[ 1 }

272(100.0 s71)(0.250x107° F)

v Y (1) 95V 2 1 ?
R= || Yms | (1} _ - =[100 0
\/[1 J (a)Cj (0-72 Aj L;r(lso sTH13x107° F)}
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22. (a) I,ms:V}m o Voms 1oV =[30.9 mA

\/R2+($)2 \/(33509)2{ U T

272(65.0 s71)(1.50x107° F)

0 1
=C0S ————— =2CO0S

T N

27(65.0 s71)(3350 Q)(1.50x10° F)

1R
b =cos ——cos
(b) ¢ ~

SETa

R
23. (a) Z=
cos¢@
R4+ 1 _ R
w?C?  cos¢
2
1 R _R?

w*C? - cos’ @
0*C* =[R*(sec® p—1)]"!
L 2. 2,12
o =—[R" tan
C[ ¢
1

R
27 RC+/tan” ¢

1
27(3350 ©)(1.50x107® F)/tan? (=23.0°)

=|74.6 Hz
2 2 2
(b) Pav=lmszR:(V“;Sj R=—Jtms R __ 115 V)7(3350 &) 335w

R? +(L)2 3350 Q)% + 1 ’
ot ( ) 27(74.62 s71)(1.50x107° F)
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24. (a) $=cos

=cos

1+ = 1 -
27(60.0 s71)(105 Q)(32.2x107° F)

>
>

T

Vimsk Ve C05#)° [(120 V) cos 38.12°7

) By = =

R R

B R _ 1

25, cos¢=

105 Q

[Fow]

N =

e k)

1

Physics: An Introduction

26. (a) cos¢=§= =

+ -1 3 —6
27(150 571 )(4.0x10° Q)(0.35%107° F)

2
(b) Since Z = R? J{_Cj , increasing @ decreases Z. The power factor is inversely proportional to Z, so if Z
@

decreases, the power factor increases. Thus, if the frequency increases, the power factor | increases |.
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27, V (Vi)
lk
0.8}
0.6
0.4
0.2
1 1 1 1 1 1 1 t (T)
05 1 15 2 25 3.0 35
28 [-2L
w
, [ Xg ' 27(60.0 Hz)
X' =ol=0| L |=L x, =227 D (5650)=[ 4520
L ( ® j w k 27z(75.0Hz)( )=[4529]

29, Irmserms_ 115V :

oL 27(60.0 s)(77.5%107 H)

30. Vims = OLL g = 271(25 s71)(66x107° H)(2.1 A) =

31. ] _ Vo Vims 200V =[37.5mA

nns = = =
Z IR 4P (525 Q)F + 472 (60.0 s)(255x107 H)?

v
32. (a) Z = T

() Vims.z = Irms R =(0.26 A)(79 Q) =

(©) Vemss = Lrms X1 = Ims®@L = (0.26 A)272(60.0 s~ )(145x107 H) =

() \/Vm,Rz Vs =21V +(14V)? =[25V]
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33. (a) cosg=X= R 1! = ! =[0.657
z \/R2 +(cuL)2 \/1+(%L)2 L4 27(1.00x10° s7)365x107 H) 2
2.00x10° Q
v, 2 (24 V)?
(b) Py =——M05  cosg= (0.657)=[0.12 W

JR? +(wL)?
v .
34, (a) I =108 = 100V =[723A

oL 27(1.00x10%s71)(0.220x107> H)

\/(2.00><103 Q)% +472(1.00x10° s71)?(365x1073)?

1
(b) Since / is inversely proportional to the frequency, doubling the frequency decreases / by a factor of .

© I = 10.0 V :

27(2.00x10° s71)(0.220x 107> H)

V.
35, o=""=277¢
ms

f= 2V =8.7 GHz

272(1.0x107° A)(0.22x 106 H)
As I =0, f — 00, 50

[8.7GHz < f <]

R
36. COS P = —co-—
JR? +(wL)?
R2
R+’ I?
RZ
cos’ 1/
w0’ I* = R? sec? o—- R?
R2
w* tan® @
L= £|tan ¢|
@
2.7Q
=————tan
27(60.0 Hz)

SET

cos’ o=

R® +0*I? =

I? =

o
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37. (a) Z =R +(wL)?

72 R 212
72 -R?
=
L2
Since Z = Vrms :Mzso Q,
Ims 15A

(80 Q)% — (68 Q)?
w =
(31x107° H)?
rad

=1359 —
s

f= i(1359 @j =[022kHz
2z S
(b) Vrms,R =IimsR
= (1.5 A)68 Q)
=102V

[o0e7]

(© Vrms,L =1 rms oL
rad

= (L5 A)(1359 —j(31><10_3 H)
S

-[5v]

(@) Vins g +Vims. =102 V463 V=165V >120 V

Vs +Vier =102 V)? +(63 V)? =120 V
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1R
38. (a =cos ' =
(@) ¢ 7
] R
=C0S —F/—mmm
JR? +(wL)?
_ 1
= CO0S ! >
oL
1+(%)
=cos™! !
27(60.0 s1)(22.5x107> H) 2
IJ{ 1050 }
=4.62°
y
A
Vimax = ImaxZ
A 5 ImaR
7
//
7
Imax XL ,7 " max

2 2 2

VimsR ~ (Vems €0s@)”  [(120 V) cos 4.62°]
b) F, = = s = =136 W
(b) Fuy R R 105 Q

39. As Fisincreased, wL increases while R remains constant. The maximum voltage phasor will swing toward the
inductor’s voltage phasor, and the angle ¢ will .
From Figure 24-18, we see that

InaxXp  Xp oL

tang =
Iax R R R
so that L = Rtan¢.
w

(2.7 Q)(tan 76°)
27(60.0 Hz)

For Problem 36 L = =29 mH.

Solving tan¢:% for ¢ then gives

(el . 4 2#(70.0 Hz)29x107 H) | ==z
g7 [ 276 -]
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40. @) Z=R*+X,> =70 +(150Q)% =166 Q =
Vo 240V
) [ =rms =0V a6 a=[14A
Mz 166Q
(© Py =1 R=(1446 A*(7.0 Q) =[1.5kW

41, V(Vew)
l -
0.75+
0.5}
0.251
| | | | t (T)
0.5 1 15 2
—-0.25
-05)
-0.75
-1
42. Find [
I :Vrms: Vims — 115V =5.7 mA
oz \/RZ L-LY 2 1 2
+(co —E) (9900 Q) +[27r(60.0 s71)(0.025 H) - @0 Sfl)}o 15><106F):|
Determine the voltages.
Vims, R = Lrms R = (5.7x107> A)(9900 Q) =
Vens. L = Lems X1 = Irms®L = (5.7x107° A)272(60.0 s™1)(0.025 H) =
I %1073
Vrms,CZIrmsXC: s - 57?10 A 3 =100 V
oC  27(60.0s)(0.15x107° F)
) 2
1 5 1 1
43. Z=\/R2+[a)L——J = [(1500 Q)% +| 27(60.0 s1)(0.155 H)— 1 - =|1.51kQ
oC 27(60.0 s )(12.5x107° F)

44, (a) In the limit of high frequency, the inductor behaves like a very large resistor. So, nearly all of the current
flows through the circuit with the lone resistor.

|4 65V
foms =" 5 [434]

(b) In the limit of low frequency, the reactance of the inductor approaches zero. So, the current flows through
each resistor equally.

2
P £ LA

Rq R 15Q
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45. (a) In the limit of high frequency, the reactance of the capacitor approaches zero. So, the current flows through
each resistor equally.

v 2V 2(65 V)
[ =—Ims = ms _ =|87A
msooR R 15Q

€q

(b) In the limit of low frequency, the capacitor behaves like a very large resistor. So, nearly all of the current
flows through the circuit with the lone resistor.

V. 65V
Ims =10 == =[43A |

1
X —Xe _@L—4c
R R
e 27(60.0 s71)(0.250 H) — !

. -1 —6
—1 oC ~1 27(60.0 s7)(1.5x107° F)
= tan = tan =
¢ 2 5900 0 [05°]
R 105 Q
47. = = =| 0.894
(@ cosg — -

\/R2 +oL-c) \/(105 0)> +[27r(125 s71)(0.0950 H) I }

27(125 s71)(10.0x107° F)

46. tang=

(b) c0s¢:\/ R = !

R2+(a)L—$)2 \/1+ (a)L—R)Z

As R increases, the denominator of the expression above decreases, and thus, the power factor | increases |

(© cosg— 525Q . :

2 -1 _ 1
\/(525 Q) +[27r(125 SHO0950 )= Sl)(IO_OXIO(,FJ

48. Find I,ms

rms

2
\/R2+ a)L——

6.00 V

2

2.50Q + 2 30.0x10° s71)(0.300x107> H) — 1
\/( ) ( X X X ) 27(30.0x10° s71)(0.100x107° F)
=14

@) Vemss = Lrms X1 = Ims@L = (1.4 A)27(30.0x10% s71)(0.300x 10~ H) =

1 1.4 A
(b) Vrms,C IrmsXC =5 = 3 ] —6 =74V
oC  27(30.0x10°s71)(0.100x 1076 F)

(©) Vinsze =L X —Ims Xc =79V -T4V =

@ Vo =[50
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49. Again, find 7,

I — Vrms _ Vrms
ms 7 - ) : B

R +(a)L—E)

6.00 V
31 3 :

2.50Q 2 10° s~ 10~ H)- 1

(2.50 ) + 7(60.0x10 )(0:300x10 ) 272(60.0x10> s71)(0.100x107° F):|

=69.

(@) Vims g = Irms R = (69.3 mA)(2.50 Q) =[ 0.173 V
1) Vins 1 = Irms@L = (69.3 mA)272(60.0x10* s71)(0.300x107> H) =[ 7.84 V

I

(c) Vrms,C = mg = 693 mA =184V
(0]

27(60.0x10° s71)(0.100x107° F)

(d) Since the rms voltages are not all in phase, their sum will be than the overall rms voltage of 6.00 V.
(The sum of the magnitudes of out-of-phase phasors is greater than the magnitude of their vector sum.)

50. (a) ¢200571
1 R

N | =

=cos

| 4| 27600 sH(22.5x107 H) 1 2
105 Q2 272(60.0 s71)(105 Q)(32.2x107° F)

> <

N\
A
I max \\
Vmax\=\| maxZ
¢ y
7
7

4
Imax ),(C—|maxXL
7
4

Imax XC

Imax XL

> X
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2 2 2

Viwsk  (Vemgc08@)>  [(120 V)cos35.14°]
b P — > — rms — = 917W
(b) Py R R 105 O -

51. Vrrns =limsZ
Z— Vrms
Iims
2 2 Vrms
\/R +( X -Xe) =——
Iims
2
V.
R*+(X - Xc) =( —
Tims
2
v
(X, -Xc) =( ms | _R?
Iims

120 v
24x107 A
=104 kQ or 2.8 kQ |

52. () Z=+R%+X,% =250 Q2 +(45.0 Q) =[5150]

R 250Q
b) cosgp=—= =
®) ¢ Z 5148Q

2
=6.6x10° Q + ( j —(3.3x10° Q)°

0.486

V. 485V
¢) [ —-ms _ = = -942 A

124
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R
\/R2+(XL_XC)2
R2+(X, -Xp)?=R?
(X, =Xc)? =0
Xe=X

1
- X
oC L

1

C()XL

(d) cosg=1=

C=

1
T 272(60.0 s1)(45.0 Q)

~[55947]

(©) Py = ImsVims €08 ¢ = LingVims (1)

P, 222x10°W
I =2 _ =[458A
ms Vrms 485V
942 A>458 A
) JLC

T 0PC 4r2(24x10°s)2(47x1070 F)

54. Atresonance X; = X, so Z=R.

e

Irms

55. (a) The current will be at its maximum when the frequency is the resonance frequency.

272VLC 27,(0.0576 H)Y(179%107 F)

(b) The impedance will be at its minimum when the frequency is the resonance frequency.

f=[406Hz]

56. Determine the resonance frequency.
r= 1 1
27NLC 27r\/(0.15 %1072 H)(0.20x 107 F)
At resonance, the current is at its maximum. As the frequency is increased beyond or decreased below resonance,

the current decreases. Since 1.0 kHz is above the resonance frequency, the frequency should be to
reduce the current.

=920 Hz
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57. (a) SetX¢c=X;.
1

Xe=—=0l=X
C oC L
1
0=——=21f
JLC
1 1
S

1
(b) f‘zﬁ\/ﬁ_

1 1

27VLC 27./(0.033 H)(33x107° F)

~[i507%]

58. (a) f

2 1Y
b) Z-= N
M) z \/R +(a)L ij

27VLC 27./(0.518 H)(0.200x107° F)

SEnT

R 105Q
¢) cosp=—=——=|0.58
© cosd=7 =155 =08 ]

(105 Q)? {2;:(494.47 s71)(0.518 H) -

27(494.47 s71(0.220x107° F)

Physics: An Introduction

59. (a) Since the resonance frequenci is inversely proportional to the square root of the product of L and C, the

resonance frequency will | decrease | if L and C are doubled.

® fo=—
0" 2xJIC
1 1

T22J@L2C) 22V4LC 4nJIC 2 2

60. (a) w=—1—

JLe

1 1

T @0 C 47%(95x10° Hz)2(0.29x107° F)

126
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(b) Atresonance, Z=R.
Set RZZZZU/S.

R:%\/R2+(XL—XC)2

25R* =R? +(X, - X()?
24R% = (X, - X()?

R XL - Xc|
V24
1
2ol
2.6
3 -1 12 1y 1
B 27(LIx10%s)(O.7x10" H) 272(11x10% s71)(0.29x107° F)
26
=[100
v _ _ _
61. I, :%:wceqrfm =27(60.0 s')(4.40x107° F+8.80x10" F)(115 V) =[ 572 mA
C
v, 1 1 .
62. I =-"_pC V. =27(60.0s") + (115V)=[ 127 mA |
X e 440x10°F 8.80x107 0 F

®Ceq  27(60.0 s71)(10.0x1076 F+20.0x107¢ F)

1 S 1 .
64. (a) X > X; means — > wL, which implies @,.; = ——=— > . The resonance frequency is than
oC NLC
60.0 Hz.

1

®) S = ic
1

27/(90.0x1073 H)(15.0x107° F)

-
(c¢) Atresonance, Z=R=
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65.

66.

67.

68.

69.

2 2
V. V.
a P — rms — max
@ Fav R 2R
V2

2
max _ (5V)
= = = 51 Q
2P, 2(22'W)

av

B, 2B, 2(22W)
b) [... =-3 — av =[2.1A

ms max

(0 IReducingR increases P, |, because V¢ is fixed, whereas [, increases when R decreases.

Since the voltage across a capacitor lags the current by 90° ( z/2 radians), the earliest possible time that the
voltage across the capacitor is a maximum is

0 5 1 1 [50ms]
t=2 = :_:—:-SOms .
o 27f Af 45057

Since the voltage across an inductor leads the current by 90° (z/2 radians), the lowest possible frequency at

which the generator operates is

A
f:i:L:L:;: 10 Hz |.
2t 2xt A4 4251073 s)

2 2 2 3
R R :
Py = Iyns R = Vims R _ Ve —= (112 V)7(3.30x10 1Q) =|350wW

 (3.30x10° Q)2
e G30x10° QP+

@) Ips = V“Z“S _Vms 20V =[3.29 mA

VR 0?12 (1150 Q)% +472(1050 s~1)?(0.525 H)>
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(b) I rms Vrms

2 2
a)L—L =4 Vims _R?
oC Iims
2
oL - — & 4] Vims | _ g2
oC Lims

2
472 “1N20 525 H) + 22(1 -1y f4f 120V —(1150 O)?
77(1050 57)7(0.525 H)+27(105057), [4| 285 | —(1150 Q)

=142nF or -40.5nF
The answer is | 14.2 nF | because capacitance cannot be less than zero.

70. (a) cos¢:§

R 525 Q
2= st " eonz00e 02

cos ¢ -

(b) By inspection of the diagram, we see that X7 > X. If the frequency is increased,

(X - XC)2 =[owL —l/(a)C)]2 will increase. Since Z = \/R2 +(X, —XC)2 , the impedance will if
the frequency is increased.

71. (a) cos¢ zg

R=Zcos¢
=(337 2)c0s30.0°

-[2a]

. 1 o 1 . .
(b) Viax leads I, so X; > X thatis, L >——. This implies @ > ——= = @,¢. The driving frequency is

oC VLC
than the resonance frequency.
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72. (a) cos¢:§

R
cos ¢
254
~ €0s30.0°

2 1Y
(b) Z=R +(a)L—Rj

Z:

1 2
72 =R? +(a)L——)
oC
2
z? R2=[a)L—L)
(4]
\/Zz—Rzza)L—L since X; > X¢
oC
%:wL—\/Zz—R2
w
co 1

w(a)L—VZZ —R? )
_ 1
27(55 s*l)[zﬁ(ss sTH(160x1073 H)—\/(29 0)? (25 9)2}

-1z

2
. 1 . . . 1
(¢) Because X; =L is greater than X, = PvaE decreasing C will cause the quantity [a)L __CJ to decrease,
@ @

2
andso Z = \/R2 +(a)L —%) will |[decrease].
w

Vi Vi . . . .
73. (@) I = réns = \/% , where X is the reactance of the inductor or the capacitor. If X increases, /iy
R+X

decreases. If X decreases, I, increases.

X; = oL increases with increasing frequency.

1 o .
Xc = - decreases with increasing frequency.
1)

So, the box must contain a | capacitor |.
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(b) [rms :.___E_HBE_;__
R+
w*C?
2 + 1 _ ths

602C2 Irms

2
4R2-+ 1 — thsj

092(j2 Inns

2
1 _ L}nm j 1?2
2 ~2
o C rms
r -1
2
W2C2 = [VrmsJ R2
Inns
—1/2
2
C:l Vims R?
@ |\ Lims

-1/2

2
_ L ( 00y j—(s.oog)2
27(25.0x10° s71) | 87.2x1073 A
~[0.910 uF
™ @ Z= R%[wL—LJZ
oC
1 2
7} =R? +[(0L——j
oC
_Lj
CU

j 0?22 - RY)
1
2

g
[+

2.2 2
=w"(Z°-R
c ( )

o*1? -

0=1"0" +(R2 7?2 —ijz L
C C?
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Use the quadratic formula to solve for @’

o G L R

217
2 52 2 p2)?
1 Z>-R 1 Z>-R 1
o=\=t a2 e 2 T2
LC  2r LC  2r LC
| 1 , (200x10° Q) - (1.00x10° ©)?
| [(0.515H)(252x107° F) 2(0.515 H)?
fzg 3 02 3 2
. 1 , (2:00x10° Q)? ~(1.00x10° Q)% |* 1
V| (0.515 H)(252x107° F) 2(0.515 H)? (0.515 H)?>(252x107° F)?
=|535.6 Hz or 0.4 Hz |
(b) Find the resonance frequency.
! ! =14.0 Hz

f = =
27NLC 27r\/(0.515 H)(252x107° F)
At resonance, the impedance is at its minimum value. So, to decrease the impedance, the frequency must be

changed so that it approaches the resonance frequency.
[If f=535.6 Hz, the frequency must be decreased, and if /= 0.4 Hz, the frequency must be increased|

(a) Atresonance, Z=R.

2 2 2
ViRV, (24 V) -
P — rms — rms — — 23 W
yop2 R 25.00Q
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~ Vins R
- 2
2 L 1 |L
R (2£ -4 )
 (24V)’(250 Q)
B (25.0 Q)z 4 9(0325H)

4(45.2x107°F)
[os6w]

2
(c) })av — VI’HIS R 5
2 1 1
R +[(2\/R)L_(2\/E)E}
Vins R

2
2 1 |L L
(-2
(24 V)2(25.0 Q)
B (25.0 Q)z 490325 H)

4(452x107°F)
=086 W
76, @) P - Vens’R Ve R VensZ (110 V)2 0w
) v R 120 Q

Rz
2 2
(b) Pav — VI‘ITIS VI'ITISR
2 272
4 4R R +w L,
1 R

0’ Lo =3R?
Liax = 35
_\/g 120 Q71
27(60.0s )
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R R 1 1
7. @) cosg=m = == - =[060]
\/R +w°L \/1+(a)L) \/l{zﬂ(ﬁo.o s71(0.053 H)}

15Q

(b) 0.80 =

C
I -1
C=|w*L+wR /—2—1
0.80

-1
- {4;# (60.0 s71)?(0.053 H) £ 22(60.0 s 1)(15 Q) ! 5 —1}

0.80

=| 85 uF or 300 4F |

78. (a) wz;

JiLc

T WPL 47%(95x10° H2)?(2.8x107° H)

(b) Atresonance, the impedance is at a minimum. So, any change in the capacitance will the

impedance.

© 7-r=[500]
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79. (a) Let T =¢,.
f
0<t<L:V =V
2
lo
—Sl<t0:V=0
2

12008 7

V — — max
av f0 2

2
() (/) = "mo

2
’ 2
[ 2 Vmax Vmax
V = V =p [ =
rms ( )aV ) \/5

80. 7= Lms
I

ms

JR?+ X% = Voms

1

ms

R2 +L — (Vnns ]2
602C2 Irms
Lims1 = 45.0 mA
£ =20.0 kHz
sy =50.0 mA

f2 =25.0 kHz
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2 1 2 1

Vrms _ Vrms

2 22 2 22
Irmsl 4] C Irrns2 2] C

, 2[ 1 1 ] 1(1 1]
ms | T T T 2 [T 2T 2T 2
]rmsl Irms2 c 2] 2]
-1/2
co L[ [ 1 1
% ) 1—2_1 2
ms \ @& 2} rms] rms2

-1/2
1 1 1 ~ 1 1 ~ 1
500 V\ 472 | 20.0x10°s™H)%  (25.0x103s71)? || (45.0x1073 A)?  (50.0x1072 A)?
=199 nF

2 2
Vs 1| (5.00V) 1 ~
R= 2 2.2 3,2 42 3 —1\2 -9 2_
I w’C (45.0x10° A)?  472(20.0x10° s71)?(98.6x107° F)

81. 7 — 1ms

v,
JR? 4+ X7 =T

I

ms

R*+0** = (@Jz
II'l’l’lS
Limst = 45.0 mA
/i =20.0 kHz
L1 = 40.0 mA
f>=25.0 kHz

v 2

rms
2
rmsl
2
v
R? 4+ =TS
;2

rms2

R2+a)12L2:
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Vrms2 2L2 _ Vims 2L2
Irmsl [rmSZ
202 2 o 1 1
s
]rmsz ]rmsl
Lo Vs 11
2 2
ﬂa)zz—a)lz Irms2 Irmsl
B 500V \/ 1 B 1
27y(25.0x10%s7)? —(20.0x10%s )2 Y (40.0x107° A (45.0x107 A)*
- 608
2 2
£ 2.2 (5.00 V) 2 3 —1\2 —6 1112
R= |- L = | ———————47°(20.0x10° s~ )~ (608x10~° H) =-8IQ
\/Irmsl2 \/(45'0 x 10_3 A)2
1 2
82. (a) Z= R2+(—j
wC
72 _g2o_1
a)2C2
1
0=———=
NZ? - R?
Since Z = Vrms =@ ,
Lns 29
1
a):
120 2
(25x107° F) ( Q) -(320)°
2.9
_1525 24
S
1 rad
—— 1525 221 _T024 kHzZ
71525 29

(1) Vimsr = ImsR = (2.9 A)(32 Q) =

1

1
© Vonsc =l 5| =29 0 =[reV.

(1525 ©4)(25x107° F)

@) Vimsr +Vems.c =93 V+76 V=169 V>120 V

\/Vr%ns,R + Vr%ns,C = \/(93 V)2 +(76 V)* =120 V
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