33.1
33.2
(@)
(b)
33.3
334 ()
(b)
335

Chapter 33 Solutions

AV(t) = AV gy SIN(WE) = V2 AV sin(awt) = 2002 sin[271(100t)] = [(283 V) sin (6281)]

AV s = % =120V

(AV 1s)? (120 V)
pP= - R= =(193 Q
R 75.0 W
(120 V)?
R=22"2 =144 Q
oy

Each meter reads the rms value. AV =100V
_ 100V _
AV s = e 70.7V @®
R=240Q
AAAA

AV 707V _ WW
ms =R 400 " 1ERA Lo

Avg = AV o SiN Wt
AVg =0.250(AV nax ). so  sinwt=0.250, or wt=sin"*(0.250)

The smallest angle for which this is true is wt =0.253 rad. Thus, if t=0.0100 s,
0.253 rad

w=———=|(253rad/s
0.0100 s

The second time when Avg = 0.250(Avmax), wt = sin_1(0.250) again. For this occurrence,
wt = 1-0.253 rad =2.89 rad (to understand why this is true, recall the identity sin(m-6)=sin6
from trigonometry). Thus,

2.89 rad
t=——=10.114s
25.3 rad/s -

iR = lmax Sinwt becomes 0.600 = sin(w 0.00700)
Thus, (0.00700)w = sin~%(0.600) = 0.644
and w=91.9rad/s=2mf o)
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336 P = Iyms(AVyms) and AV, =120 V for each bulb (parallel circuit), so:

P 150 W AV 120 V
l,=l,=—1 = =|1.25A|, and R, =—-ms — =196.0Q| =R
1727 AV, e 120V 7, T125A 96.00] =R,

P, _100W AV 120 v
l;=—2—="_—=[0.833A|, and Ry=—'ms = =144 Q
ST AV, 120V 7 1, T 0833A 1440)

33.7 AV =150V and Ry =8.20 Q +10.4 Q=18.6 Q

| OV 150V
" Riow 186 Q

.806 A
Pspeaker = IrzmsRspeaker = %g(lOA Q)=(3.38W

=0.806 A =12 I ;s

80.0 mA
33.8 FOF Imax = 80.0 mA, Irms = = 56.6 mA

\2
) - Vms _ 500V
(XOmin = 7= = 50566 A -

XL 884 Q

XLZZHfLaL:W Em > |7.03H

339  (a X, :%:%:1&3 Q

Imax

X 13.3
L=2L=——>° _=0.0424 H=[42.4 mH
o = 250.0)

AV g _ 100

() X, = ;=40.00

Imax

X, _ 400
w=—"—=——""———=1942rad/s
L 42.4 x 10—3

0] 5 500
33.10 At50.0 Hz, X = 271(50_0 HZ)L = 271(50.0 HZ)D 60.0 Hz [_ 2Y-

Fpn(60.0 Hz)g  60.0

(54.0Q)=45.0Q

_ AV _ V2(AVi) _ V2(100 V)

| =[3.14 A
maCX, X, 45.0 Q
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33.11

33.12

33.13

33.14

33.15

(@)

(b)

(@)

(b)

(80.0 V)sin[(65.0 17)(0.0155) - 17/2]
(65.0 7 rad, s)(?0.0 x1073 H)

i (t) =(5.60 A)sin(1.59 rad) =

i (t) =% sin(wt - 17/2) =

w=2mf=2m(60.0/s)=377 rad/s
X, =wL =(377/5)(0.0200 V3/A)=7.54 Q

L .

Imax =2 Irms =2 (15.9 A)=22.5 A

i(6) = 1., Sin 0t = (22,5 A)sin mn(io.o) Dllg—zg = (22.5 A)sin120°=19.5 A

U =$Li2 =1 0.0200 %5(19.5 A)? =

AV
L :Nf% where @y is the flux through each turn. N ®g max =Llg, max = XL w

W X,

VZ(AVL rms) 120 V3
, DTECDm%NDm%\/J 0 >
N® = = :-_0.450T-m
B.max 27t V2 m(60.0) 0 N3 J ca

Xe=— . L _<175Q
2mfC’ 27f(22.0x1075)

1
<f [f>413Hz
27(22.0 x 1076)(175) [1>41.3 He|

1 _1 .
Xe D2 50 X(44)=$X(22): [Xc<8750Q

\2 (Avrms)

C

Imax =2 (120 V)277(60.0/5)(2.20x 1076 C/ V)=
Imax =2 (240 V)277(50.0/5)(2.20 x 10" ° F) = [235 mA

=V2(AV s )27 C

Imax :\2 Irms =



Chapter 33 Solutions 273

33.16 Qmax = C(AV nax) = c[\E(AV,mS)] = |V2C(AV 1)
33.17 Imax = (AVmax )JwC = (48.0 V)(27)(90.0 s 1)(3.70 x 107® F) =
33.18 Xc L L =2.650Q

" wC  27m(60.0/5s)(L00x10°3 C/ V)

Ve (t) = AV hax Sin wt, to be zeroatt=0

0 1 0
ic :A\)/(ﬂsm(wu 0= wsingnggs‘s_l+9o.0°gz (64.0 A)sin(120°+90.0°) =[~32.0 A
C .

3319 (a) X =l =27(50.0)(400 x 10°3) = 126 Q 400 mH

1 1

== 5 =719Q
wC  27(50.0)(4.43 x107%)

Xe

Z= \;’RZ +(X_ = Xc)? =+/500% + (126 - 719)® =776 Q

AV max = Imax Z = (250 x 1073)(776) = [194 V

_ X - X O 26 -7190_ — =
(b) @=tan 0RO tan O 500 O° Thus, the [Current leads the voltage.

33.20 wlL = i - W 1 !

wC VLC  /(57.0x1076)(57.0 x107%)

=175x10% rad/s

3321 (1) X_= L = 2m(50.0 (250 x 1073 H) =
b) Xc= chc =[27t50.0 s)(2.00 %10 ) e
© Z=\R2+(X_ ~Xc)’ =
@ lmax = szm o s 1 522 1012)/3 Q-
() @=tan™t éx%xc% tan™}(-10.1) =

© 2000 by Harcourt, Inc. All rights reserved.
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3322 (1) Z=\R%+(X_-Xc)=168.0%+(16.0-101)° = [109 0
X, = wL = (100)(0.160) = 16.0 Q

1 1
Xpr=—= =101Q
°wC (100)(99.0x10°)

AV 40.0V
b) | = —max — =10.367 A

© tang=XL=Xc 160-101_ oo
R 68.0

@= —-0.896 rad = -51.3°

Iax = 0367 A| |w=100rad/s| |p=-0.896 rad =-51.3°

33.23 X, =2mfL =2n(60.0)(0.460) = 173 Q

X~ = 1 = 1
° " 2nfC " 2n(60.0)(21.0x107°

=126 Q
)

X, -Xe _173Q-126 Q
R 150 Q

@=0.304 rad =

(b) Since X_ > X¢, @is positive; so |vo|tage leads the current| .

(@) tang= =0.314

1 1

= = 5 —=133x10°Q
2mfC 27(60.0 Hz)(20.0 x 10712 F)

33.24 Xc

Z =+/(50.0 x10° Q)% + (133 x 108 Q)° ~1.33x 108 Q

_ AVyps 5000 V

- -5
lrms = Z " 133x1F Q =3.77x107 A

(AVrms) oy = lrimsRoody = (3.77 % 107° A)(50.0x10% Q)= [1.88 v



33.25

33.26

33.27

(@)

(b)

(©

(d)

(@)

(b)

1 1 -
~ wC  271(50.0)(65.0 x 107%)

X¢ 49.0 Q

X, = wL =27m(50.0)(185x107%) =58.1 Q

Z =[R2+ (X, —Xc)? = V/(40.0) +(58.1-49.0)2 =410 Q

AV 150
Imax = =212 =27 =3.66 A

AVR = Imax R = (3.66)(40) = [146 V

AV| = Imax X = (3.66)(58.1) = 2125 = [212 V

AV = Imax Xc = (3.66)(49.0) = 179.1 V = [179 V

AV, - AV = 2125-179.1=[33.4V

R =300 Q

_ = 00 _
X, = wl _2715‘_’7 s™0.200 H) =200 ©

-1
_ 1 _ 00 1 % \O _

Z=\R%+(X_ -Xc)*=319Q and q):tan—lgx;r\)xcg:

X, =2n(100 Hz)(20.5 H) =1.29x10* Q

AV ms -

Irms

200V
4.00 A

Z= =50.0Q

(X, —Xc)? =22 -R? = (50.0 Q)? - (35.0 Q)°

1
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XL =200 Q 7

XL - Xc =109 Q

Xc=909Q |

20.0°

11N
205 H
200 V ‘C =
100 Hz
35.0 Q2

AAA
YVvy

0,

X, —Xe =129%x10* Q -

= +357Q |C=123 nF or 124 nF

2m(100 Hz)C

AV 1ms = lrms XL = (4.00 A)(1. 29 x10% Q) =

Notice that this is a very large voltage!

© 2000 by Harcourt, Inc. All rights reserved.
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33.28
@)
(b)
©
33.29

X, = wL =[(10007/:5)(0.0500 H)| =50.0 Q

-1
Xe =1/ wC = [(1000/5)(50.0 x107 F)] =20.00
Z =R+ (X, - Xc)

Z =/(40.0)% +(50.0 - 20.0)? =50.0 Q

lms = (AVms)/ Z =100 V /50.0 Q
lems = [2.00 A
@=Arctan EX'- EXC B
@ = Arctan 300Q _ 36.9°
40.0 Q
P = (AV ) Irms €OS @ =100 V/(2.00 A) cos 36.9° = [160 W

Pg = 12,cR =(2.00 A)? 40.0 Q = [160 W

w= 1000 rad/s, R =400 Q,

010
AVimax = 100 V, wL =500 Q, Bw%%z 200 Q

P e T o
= IR? + L - —— =+/400% +300% =500 Q
\J Efu wcH
AV 100
| . =——Max = == =0 200 A
max Z 500

The average power dissipated in the circuit is

_(0.200 A)? _
p= OO A (400 0) =

C=5.00x%x10"°F,

I:)zlrzmsR:

YYvy

A1k
50.0 mH
OV 40.0 <
> Q 3
50.0 uF
1
L =0.500 H

020

max

2
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Goal Solution

An ac voltage of the form Av =(100 V)sin(1000 t) is applied to a series RLC circuit. If R = 400 Q,
C=5.00puF, and L =0.500 H, what is the average power delivered to the circuit?

G: Comparing Av =(100 V)sin(1000 t) with Av = AV, sin wt, we see that
AV =100V and  w=1000s?

Only the resistor takes electric energy out of the circuit, but the capacitor and inductor will impede the
current flow and therefore reduce the voltage across the resistor. Because of this impedance, the
average power dissipated by the resistor must be less than the maximum power from the source:

Prax = (8 i) _(100V) _ 12.5W
max 2R 2(400Q)

O: The actual power dissipated by the resistor can be found from P =12.(R, where |, = AV, 7/ Z.

100

Al BV =" =707V
\

In order to calculate the impedance, we first need the capacitive and inductive reactances:

Xe =L = o5 =200Q  and X, =wL=(10005)(0.500 H) =500
wC (1000 s1)(5.00x10°° F)
Then, Z =[R2 +(X_ - Xc)? = /(400 Q)% +(500 Q - 200 Q)? =500 Q
AV _T0.7V

2
I == = - =0141A  and  P-= 12,sR = (0.141 A)*(400 Q) =8.00 W

L: The power dissipated by the resistor is less than 12.5 W, so our answer appears to be reasonable. As
with other RLC circuits, the power will be maximized at the resonance frequency where X, =X so
that Z=R. Then the average power dissipated will simply be the 12.5 W we calculated first.

33.30 Z=\R2+(X_ - Xc)? or (X_-Xc)=1Z?-R?

(X, = Xc)=1(75.0 Q)2 - (45.0 Q)% =60.0 Q

10X X O_
———="=1an
g rR O ths5.0 QU

460.0 Q[

@=tan =53.1°

_ DV _ 210V

| = =2.80 A
rms Z 75.0 Q

P = (AVns)1rms €0s @ = (210 V)(2.80 A)cos(53.1°) = [353 W

© 2000 by Harcourt, Inc. All rights reserved.
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33.31

*33.32

33.33

(@)

(b)

(@)

(b)

(©

(d)

P = I, (AVs) COS @ = (9.00)(180) cos(~37.0°) = 1.29 x 10° W

P=12R so 1.29x10% =(9.00)°R and R=[16.0Q
X, - X¢ X, - X
tanp="—"+—"+ becomes tan(-37.0°) =—-——¢; S0 XL -Xc=[-12.0Q
p="1 (-37.09 = L~ X
X, = wl = 27(60.0/5)(0.0250 H) = 9.42 Q
Z =R+ (X, - Xc)? =4(20.0)% +(9.42)* ©=22.1Q
AV 120V
| = ms = —— __=|543A
msez 2210 543 4]
@=tan"(9.42/20.0) = 25.2° o) power factor = cos ¢=[0.905
. 1
We require ¢@=0. Thus, X = Xc¢: 942Q=————
quire @ LT oe 27(60.0 s H)C
and C=(281 uF
O\
Pp=Pyg 0r (AVms), (Irms), COS ¢ = %

(BVims)y = R(AVms), (1rms ), €05 @ =+(20.0 ©)(120 V)(5.43 A)(0.905) =

Consider a two-wire transmission line:

L. P 100 x 10% W =2 00x10° A
M AVins 50.0x10°V AVims

loss = (0.0100)P = 175 Ryine = 1ins(2Ry)

0.0100)P (0.0100)(100 x10° W
(0.0100)P _

Thus, Ry =\ = =0.125 Q
21 2(2.00 x 103 A)
2
But Rlzﬂ or ,A\:HziI
A 4 R

-

R

R1

4(1.70x107® Q m|(100 x 10°
Therefore d=\/H=\/ ( : )( - m) =0.132m=

Ry n(0.125 Q)



33.34

33.35

33.36

33.37
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Consider a two-wire transmission line:

Ri1
P ) P
g = — d loss = 12, R = ——
rms Avrms an power 10ss rms " line 100 Avrms1 RL
0p o P (AVms)’ R
Thus, 2R,) = — or R, =\ __Mms/_ !
Fav,. 0 (2R) =160 1™ 200p
_pd _ (AVims) _ n{2r)? _ 200pPd
R, =PY = \2¥ms) or A= = .
A 200P 4 (AVome)
and the diameter is or=| | 800pPd

\ 7"(AVrmS)2

One-half the time, the left side of the generator is positive, the

top diode conducts, and the bottom diode switches off. The R1
power supply sees resistance
AVrmsi RL

2
01 1 D . (Avrms)

and the power is ~~——
PR 2RE P R

R
The other half of the time the right side of the generator is

positive, the upper diode is an open circuit, and the lower diode

has zero resistance. The equivalent resistance is then

2 2
Reg =R+ 2L+ 15t 7R Ry poBVems) _4(AVims)
BR RE Req 7R
2
_ _ [(AVrms ms)’ /7 Rl 1AV 1ms)
The overall time average power is: .
2 14R
1 1
At resonance, =2mfL and —=C
2mfC (2mf)°L

The range of values for C is |46.5 pF to 419 pF‘

wo =2m(99.7 x10°) =6.26 x 108 rad /s = 1
VLC
c=—1t - ! = 1.82pF

wy’L  (6.26 x10%)?(1.40 x107%)

© 2000 by Harcourt, Inc. All rights reserved.
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33.38 L=20.0mH, C=1.00x10", R=20.0Q, AVmay =100V
. oo 1 ]1
a) The resonant frequency for a series —RLC circuitis f= / 3.56 kHz
@) q y 2n\Le ~
(b) At resonance I ax = AVmax _ 5.00 A
' max R
wol

(¢) From Equation 33.36, Q= =122.4

R

(d)  AV[ max = XL max = WoL Imax = [2.24 kV

33.39 The resonance frequency is w, =1/4LC. Thus, if w=_2awy,
XL=OJL=§\L@=2/L and Xczi \/LC \/
LC \c wC “2\c
Z=\R?+(X_ - Xc)* = R?+2.25(L/C) 50 lyg = 2rms = BVrms

Z  |R?+2.25(L/C)

and the energy dissipated in one period is Q = PAt:

Q:

2(Avrms)2 R meno_ (szrms)z RC (mic)- 4n(AV2rms)2 RC+LC
R?+2.25(L/C) 0w 0 R%C +2.25L 4R?C +9.00L

With the values specified for this circuit, this gives:

_ 47500 V)?(10.0 9)(100x10°® F)**(10.0x 120 H)**

4(10.0 Q)2(100 x107° F) + 9.00(10_0 x1073 H) -

33.40 The resonance frequency is w, =1/+LC. Thus, if w=2awy,

—w %\— and X :i:\E:EE
CTwc 2c " 2\c

AVI’I’\’\S = AVI’rT'IS
In2
Z  |R?+2.25(L/C)

Then Z:\/R2+(XL—XC)2:\/R2+2.25(L/C) SO lyme =

and the energy dissipated in one period is

AT{AV s ) RCALC
4R2C +9.00L

_ _ (Avrms)zR Rmo_ (Avrms)2 RC _
O P R o as(L /) Dw R +2 250 C) =
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*33.41 For the circuit of problem 22,  wy = ‘,1 =— L =251rad s
VLC \/(160 x1073 H)(99.o x 107 F)
-3
woL _ (251 rad;s)(160 107 H)
= = = 0591
Q=R 68.0 Q
o wl L 1L 1 |460x10°H
For the circuit of problem 23, =0 - == == =10.987
P Q=R “RVLC R\C 150 Q\/21.0><1O_6F

The |circuit of problem 23| has a sharper resonance.

3342 (a) AV ms=15(120V)=[9.23V
(b) AVl,rms I1, rms — AV2,rms I2,rms

(120 V)(0.350 A) = (9.23 V)1, 1ms

12 rms = % = |4.55 A| for a transformer with no energy loss

© P= from (b)

N, _ [RO00

33.43 (AVout), 1y = N—l(A i) = Dﬁgno V)=971V

971V
(Avout)rms = ( \2 ) =

_N, _ (2200)(80) _ ——
3344 (a) (AVZ’ rms) = N—l(AVL rms) N, = 10 1600 windings
1.50)(2200
(b) |1, rms(Avl, rms) = IZ,rms(AVZ,rms) |1, ms — ( ].):EO ) =
1.20)(2200
(c) 0.950 I1,rms(AV1,rms) = I2,rms(AV2,rms) Il,rms = (110(%)(950)) =[23A

© 2000 by Harcourt, Inc. All rights reserved.
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33.45 The rms voltage across the transformer primary is MW ——— -
| |
Nl § | :
N, (AV;z rmS) @AVS rms 1 g ; RL%E
N NP [Ny
so the source voltage is AV s = I3 ims Rs + N71 (AVZ,rms) : ;
2
AV AV
The secondary current is (;rms) so the primary current is % (;rms) =1y rms
L 1 L

NZ(AVZ,rms)Rs + Nl(AVZ,rms)
NiRp Ny

Then AV s =

N1 AV, rms)é_ 5(50.0 Q) 330.0 V- 5(25.0 V)OO
2

( 1RL ) s ms -

N

N, AV, 10.0x10° V
3346 (a) AVy s = WZ(Avl,rms) 2 _ rms
1

2= = = [833
N; AV s 120 V

(b) I2,rms (AVZ, rms) =0.900 Il, rms (Avl, rms)

AV 3
© Z,= 2,rms _ 10600>;jOAV -85 kO

I2,rms

6
3347 (@) R=(4.50x10"*Q/m)(6.44 x 10° m) =290 Q and Iy = P _500x10W_.50a

AV ps  5.00 x 10° V

Ploss = 12, R = (10.0 A)?(290 Q) = [29.0 kW

(o) Ploss = 2.90 x 10* _

-3
P so0x10° L2 *10

(c) Itis impossible to transmit so much power at such low voltage. Maximum power transfer
occurs when load resistance equals the line resistance of 290 Q, and is

(4.50 x 10° V)?

=17.5 kw, far below the required 5000 kW
2[2(290 Q)



33.48
@)
(b)
33.49
@)

(b)

AVout: ‘ XC
AVin - \/R? +X&

For the filter circuit,

1 1
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At f =600 Hz, Xc = = < —7=332x10° Q
2mfC 27600 Hz)(8.00x 10°° F)
4
and AA\\//OL“ =— 3.32x10° Q - =[L00
" (90.0 0) +(3.32x10* Q)
At f =600 kHz =L - 1 =33.2Q
’ ©2mfC 27(600x10° Hz)(8.00x10° F)
and BVour _ _ 332-2 2 ~=[034
AVin 1(90.0 Q)* +(33.2 Q)
For this RC high-pass filter, AVout _ R "
in ||RZ+X2 H
Day,  Er Ay, ©
When 2Vout - 0.500,
in
AVout/AVin
then —%0 %2 ~0,500 or X =0.866 !
1(0.500 Q)% +X&
(b)
If this occurs at f =300 Hz, the capacitance is
1 1 4
c= = =6.13x107% F = [613 pF
2mfXc  2m(300 Hz)(0.866 Q) Vout”Vin
1 -
With this capacitance and a frequency of 600 Hz, ©
C
1 f,Hz
Xc = =0.433 Q
© " 27(600 Hz)(6.13x 107 F) 300 600
Figures for Goal
AVoyy . R _ 0.500 Q Solution

= = [0.756
MVin  R?+X2  (0.500 Q)2 +(0.433 Q)2

© 2000 by Harcourt, Inc. All rights reserved.
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Goal Solution

The RC high-pass filter shown in Figure 33.22 has a resistance R = 0.500 Q. (a) What capacitance gives an
output signal that has one-half the amplitude of a 300-Hz input signal? (b) What is the gain (AV,,; / AV;,)
for a 600-Hz signal?

G: Itis difficult to estimate the capacitance required without actually calculating it, but we might expect a
typical value in the uF to pF range. The nature of a high-pass filter is to yield a larger gain at higher
frequencies, so if this circuit is designed to have a gain of 0.5 at 300 Hz, then it should have a higher
gain at 600 Hz. We might guess it is near 1.0 based on Figure (b) above.

O: The output voltage of this circuit is taken across the resistor, but the input sees the impedance of the
resistor and the capacitor. Therefore, the gain will be the ratio of the resistance to the impedance.

AVoy . R
BVin  R?+(ywC)’

(@ When AV / AV, =0.500
. . _ 1 _ 1 _
solving for C gives C= ‘ = “ =613 uF
oav,, f . (2m)(300 Hz)(0.500 Q)\/(2.00)? -1
\/ Vout

(b) At600 Hz, we have  w=(2 nrad)(GOO s'l)

AV gyt _ 0.500 Q 0,756
AV, | '
" (0500 Q)% + . L

\ H12007 rad /s)(613 uF)H

SO

L: The capacitance value seems reasonable, but the gain is considerably less than we expected. Based on
our calculation, we can modify the graph in Figure (b) to more transparently represent the
characteristics of this high-pass filter, now shown in Figure (c). If this were an audio filter, it would
reduce low frequency “humming” sounds while allowing high pitch sounds to pass through. A low
pass filter would be needed to reduce high frequency “static” noise.

33.50 AV = 1y(r+RY +X2, and AV, =1\ R+ X ity
Thus, when AV, =24V, (r+R)*+ X = 4(R2 + XE) L =250 mH é T
vy AV:
or (250 Q)Z + XE = 4(500 Q)2 + 4XE R =5.00 Q J

which gives X, =27f(0.250 H) = @ Q and f=[842Hz

\




*33.51

@

(b)

©

(d)

(®)

)
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C
AA\\//out — R - &éﬂ, 1}
in \/RZ +(X_ = Xc)
Vin R Vout
2
At 200 Hz: 1. (8.00 Q) L
4 0
2 1
(8.00 Q) + #007L -———3
0 400mC
0 if
At 4000 Hz: (8.00 Q)2 + 8000 77L ‘;D =4(8.00 Q)2
0 8000mmC
At the low frequency, X, — X <0. This reduces to 4007mTL - ! . -13.9Q 1
400711C
For the high frequency half-voltage point, 80007L 1 . +13.9Q 2]
800077C

Solving Equations (1) and (2) simultaneously gives C=|54.6 uF and L=[580uH

AVout - AV U

When X =X¢, =11.00
AV, AV O
. 1 1
X =X requires  fg = = =894 Hz
2m/LC 27'[\/(5.80 x1074 H)(5.46 10" F)
At 200 Hz, AVou _R_1 and  X¢>X,
Vin Z 2

R AVour
Lo o o
XL - X
L C Z AVin

so the phasor diagram is as shown:

_ . —RO____ 100 S
9= ~cos™ 3 n=~cos™ g s0  [AV, leads AV;, by 60.0
At fy, X =Xc SO | AV, and AV, have a phase difference of 0°
At4000 Hz, BYour =R ang x -xc>0
AV,, Z 2

AVin
V4
X0~ X or
Thus, @= cos'l%gz 60.0° ; CTA 4 AVou
R

or  [AVyy lags AV;, by 60.0°

(@Voums) _(38Vinms) _ 3(38Vinma) 2
AL 200 Hz and at 4 kHz, p =iz outrms) _\28Vinmms) _2{28Vinmex) _ (10.0V) _ meey
! R R R 8(8.00 Q)

2

At fO p= (A\/out,rms)2 — (Avin,rms) — %(Avin,max)2 — (10-0 V)2 -

R R R 2(8.00 Q)

Wl _2mfyl _ 2m(894 HZ)(5.80 x107* H)
R R 8.00 Q

- [0a0a]

We take: Q=
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33.52

33.53

For a high-pass filter,

(AVout) _ R

(Avin)l ‘J“ , 01 EF
R " BucH

Now (AVi,), =(&Vou),

AV ot R
AV, J“‘Rz .\ 01 D2
\ ch
and (Avout)g _ R
(avia), | 01 cf
R? +
\/ ch
“ (AVow), _  R? _ 1
(Avin)l , 01 of 01 f
R“ + 1+
cH HorcH

Rewrite the circuit in terms of impedance as shown in Fig. (b).

Find: AV =

AVab [1]

R AVin Zc ZRr AVout
+ ZC

Zcll (Zg +2Z¢)

From Figure (c), AV, = . Figure (a)
BT Ze+Z: 1 (zg+zc) " 7
a ‘—| I—I_O
_ ZR[ZC Il (Zr + Zc)]
So Eq. [1] becomes AV, = AV, AVa  Zr| | AVout
(Zr+ ZC)[ZR *+Zcl(Zg + Zc)] b
, 01 1 D—l Figure (b)
or AVout = Rg Zr +ZCE —Z|
Avin (Z +7 )Elz |:|1 Dlg R a
R CHR "Bt ZR+ZCH g AVin @ ZCD
Zell S B AV

A\/Out — ZRZC — ZR !
AV Zo(Zo +Z5)+Zn(Zr +22:)  37. +7- +(2.)2 /7

in C( C R) R( R C) R C ( R) / C Figure(c)
Now, Zg =R and Z. =—— where j =+/-1

R T J =

AA\\//OUt = 01 El where we used ,}= .

N 3R- g+ R?wCj

C

AVoyt _ R R - 100 x10° = [0.317
AV,

3R—Dl -R%wC
Hoc

2 2
+B«Tc RiwCh

f \;““(3.00 x10°)" + (1592 - 628)’
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33.54 The equation for Av(t) during the first period (using 1%

y=mx+h) is:

t
2(Avmax)t _ Avmax 'Vmax! l/ V L

T

Av(t) =

(Avmax)2

[(Av)ZLNe = % IOT [Av(t)]zdt = IOT é%t - 1gdt

[(AV)Z] = (AvmaX)2 DIE[Zt/T _1] i ‘tzT - (Avrgax)2 [(+1)3 —(—1)3] = A(AvmaX)z

ave T 20 3 3
t=0
| 2
“‘ 2 (AVmaX) AV max
AV = A = = ‘
rms \/[( V) ]ave \/ 3 V3
33.55 Wy = /1 = 1 =2000s7t y
VLC  1/(0.0500 H)(5.00 x 1076 F)
so the operating frequency of the circuitis w= % =1000s7!

w, rad/s

800 1900 2000 2100 2200

(Q=12.5)

—_

(AV s ) Re?

7
R2w? + Lz(w2 - wg)

Using Equation 33.35, P=

Figure for Goal
Solution

2 2
o (400)*(8.00)(1000) =

) (8.00)?(1000)2 + (0.0500)2[(1. 00 - 4.00) x 106]

Goal Solution

A series RLC circuit consists of an 8.00-Q resistor, a 5.00-u F capacitor, and a 50.0-mH inductor. A variable
frequency source applies an emf of 400 V (rms) across the combination. Determine the power delivered
to the circuit when the frequency is equal to one half the resonance frequency.

G:

Maximum power is delivered at the resonance frequency, and the power delivered at other
frequencies depends on the quality factor, Q. For the relatively small resistance in this circuit, we
could expect a high Q=wyL/R. So at half the resonant frequency, the power should be a small

fraction of the maximum power, P, may = AVZ /R =(400 V)* /8 Q =20 kW.

We must first calculate the resonance frequency in order to find half this frequency. Then the power
delivered by the source must equal the power taken out by the resistor. This power can be found

from P,, =12..R where Iy, = AV, e 7 Z.
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1

1
= C =318 Hz
2m/LC 271, (0.0500 H)(5.00 x 10 F)

A: The resonance frequency is fy =

The operating frequency is f =f;/2 =159 Hz. We can calculate the impedance at this frequency:

1 1

X, =2mfL = 2m(159 HZ)(0.0500 H)=50.0 Q  and X = =
- ( ) €T 2mfC 2m159 Hz)(5.00><10‘6 F

=200 Q
)

Z = R%+ (X~ Xc)? =8.002 +(50.0 - 200)> Q =150 Q

_ AV, _ 400 V

So, lyms = =2.66 A

z 150 Q

The power delivered by the source is the power dissipated by the resistor:

Pa = Iims?R =(2.66 A)?(8.00 Q) =56.7 W

L: This power is only about 0.3% of the 20 kW peak power delivered at the resonance frequency. The
significant reduction in power for frequencies away from resonance is a consequence of the relatively
high Q-factor of about 12.5 for this circuit. A high Q is beneficial if, for example, you want to listen
to your favorite radio station that broadcasts at 101.5 MHz, and you do not want to receive the signal
from another local station that broadcasts at 101.9 MHz.

. . _Av 120V
33.56 The resistance of the circuitis R = I 0630A - 19.0Q

The impedance of the circuitis Z = AVims _ 240V _ 42.1Q
lims  0.570 A

72 = R2 4+ 0?2

1 0 2_ 1 | 2 2
L=—+vZ°-R° =—+/(42.1)° —(19.0)° =199.6 mH
Llzrt = Lo -0

3357 (a) When wlL is very large, the bottom branch carries negligible current. Also, 1/wC will be
negligible compared to 200 Q and 45.0 V/200 Q = [225 mA| flows in the power supply and the
top branch.

(b) Now 1/wC - o and wL - 0 so the generator and bottom branch carry ({450 mA



33.58

(@)

(b)

©

(d)

©

®

(@)

(h)

With both switches closed,

the current

generator and resistor.

i(t) = 2Vmax oo oot
i(t) = R
P= EM
2 R
i) = SVmax cos[wt + Arctan(wL / R)|
VR? + L2
For
. 1 1
We require wyl = , SO C=—
@y C wo” L

At this resonance frequency,

2=

0

0 O

0= @=Arctan —2—]
0

0
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goes only through ’—OS/B—‘
1
LIk

L

=R C=+ 5,
1
&

0(t) = AVpay cOs wt

O

ol %

g R
U

U=1c(ave)’ =1ci2xc?
2
max — 2~ 'max/*C 2 R2 Ozcz 2R2
2
AV
- 2 _
Umax_%l-lmax_ %L( F\r)nzax)
Now w=2wy = —
VLC
O 10 O /L 1/L0
wL—-—— = —-= = ‘
0 " wc O V¢ 2\cO 03 /LO
So ¢ = Arctan ———— = Arctan —————=[F | Arctan g\g—g
O R O O R O RIC
O O O O
Now ouL-—i w= 51 =&
y2LC V2
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3359 (a) Asshown in part (b), |circuit (a) is a high-pass filter| ‘
and |circuit (b) is a low-pass filter| . r tr" “1:
I L
AVin E i AVout
AV R? + X2 s“JRE+(wL)2 =
(b) For circuit (), et = 2\‘ v 2\‘ - ]
in Rf + (X - X /R +(wL -1/wC
\/ L ( L C) VL ( / ) Circuit (a)

As w- 0, M=a)RLC=O

in
As @ - o, %:1 (high-pass filter)

in

For circuit (b) AVour Xc = Yo

BVin  RE+(X -Xc)?  |\R+(wL-YwC)? Cireuit (b)
As w - 0, % =1

in
As @ - o, AVour z% =0 (low-pass filter)

AV, w’LC

AV 100 V
860 (@) lgms=—gm =g =[125A

(b) The total current will the applied voltage as seen in the I
phasor diagram at the right.

N\ 100 V

1L rms == =133A
L

27(60.057%)(0.200 H)

Ol ms O .33 A0
Thus, the phase angle is: =tan g =tan s o= -46.7°
P 9 ¢ DIR,rmsE (h.25 A

*33.61 Suppose each of the 20 000 people uses an average power of 500 W. (This means 12 kWh per
day, or $36 per 30 days at 10¢ per kWh). Suppose the transmission line is at 20 kV. Then

P _(20000)(500 W)

lims = ~10% A
M AV e 20 000 V

If the transmission line had been at 200 kV, the current would be only ~10% A|.
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33.62 L=2.00H, C=10.0x10"®F, R =10.0Q, Av(t) = (100 sin wt)

(@ The resonant frequency wy produces the maximum current and thus the maximum power
dissipation in the resistor.

1 1

\(2.00)(10.0 x 107°)

(AVinax)” _ (100)?

by P= =[500 W
®) 2R 2(10.0)
AV AV AV
©) lyms = mes =— rms 5 and (Frms) e :$
R+l -1
\ Efu wCE
2 2
12.sR =1(|2 ) or (BV i) - L (AVims) R
rms 2 rms | ax 22 2 Rz
0 of
This occurs where Z% = 2R?: R2 + EfoL _ 1 o =oR2
wCE
w*L’C? - 2Lw’C -R%2w?C% +1=0 or L°C?w* - (2LC +R?C?)w? +1=0

(2.00)2(10.0 x 10'6)2]w4 - [2(2.00)(10.0 x 1076 +(10.0)2(10.0 x 10'6)2]w2 +1=0

Solving this quadratic equation, we find that w? =51130, 48894

w; =+/48894 = (221rad/s and w, =51130 = (226 rad/s
33.63 R=200Q, L=663mH, C=26.5uF, w=377 s AV . =50.0V

wL =250 Q, 50%5:1009’ Z=\/R2+(XL—XC)2=ZSOQ

AV 50.0V
a) g = —& = =(0.200 A
( ) max Z 250 Q -

(p:tan'ng'-%Rxcg: (AV leads 1)

(0) AV max = Imax R = [40.0 V] at|@=0°

|
c) AV =_MaX = 150.0 V| at |@=-90.0°| (I leads AV
( ) C,max wC ® ( )

(d)  AV[ max = Imax@L = |50.0 V| at [@=+90.0°| (AV leads I)

© 2000 by Harcourt, Inc. All rights reserved.
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*33.64 P=17sR= E‘AVZ"“SEZR, so 250 W = M(40 0Q) ZzZ= \/RZ +(wL - Yac)?
2 2
. (120)*(40.0) 576 000 f

and 250=

1
27f (65.0x10‘6)H

O

, % 16002 + (1.1624f 2 2448.5)2
(40.0)" + 277 (0.185) -

_ 2304 f2
1600f 2 +1.3511f % —5692.3f 2 +5 995 300

) 1.3511F* -6396.3f2 +5995300 = 0

(o 63963+ \/(6396.3)2 - 4(1.3511)(5 995 300)
- 2(1.3511)

= 3446.5 or 1287.4

f=|58.7Hz or 35.9 Hz|

33.65 (a) From Equation 33.39, Ny _ AV,
2 AV,
Let output impedance ~ Z; = % and the input impedance Z, = AV,
1 2
so that Ny o4l But from Eq. 33.40, LAV, Ny
2 4y l, AV; N;
- . . N, _ [z
So, combining with the previous result we have _\?
2 2
0 Neo 2o B0 [
N, Vz, V800
33.66 = &ms .y = BVms .2 AVims [
R “ (@)™ AV ER €L =C
01 O, 1 f
(@) Irms:\‘/llg"'(IC_IL)2 = AV rmS\DRZD Efuc_aTH
Ic L, AV
N\ /
01 1 1
b) tang= C I = AV
B tang= B " v 70
Iy
01 10

tang=R -—
Xe X
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) [
3367 (@ Iyms= rmS\ R2 + %“)C _UE AV %ER I ==C
1
AVyms - (AVyms) . when wC =T
Iey| 7 AV
f=_ 1L >
“2m/LC
f ! 919 H hh
= = Z
271/200x 1073 H)(0.150 x 1076 F)
0 1= LVims 120V 120V _ =5
R 800
AV 120 V
|| ==orms = =[160A
LTl T (374 575(0.200 H) 160 A
lc = AV, (wC) = (120 V)(374 s 1)(0.150 x107® F) = [6.73 mA
©  Trms =413 +(Ic = 1,)2 = (1.50)2 +(0.00673 - 1.60)% = [2.19 A
Oc-1,0 . _100.00673-1.600]_
d =tan~ L tan? —46.7°
@ =g e e
The [current is lagging the voltage| .
3368 (a) tang@= av, _I(wL) -k
' AV, IR R i
( ) AVin R EE AVout
-1
oL (200s7)(0.500 H)
Thus, R= = =[1730
tan ¢ tan(30.0°)
AV AV
b) ——out=—"R —¢os
( ) AVin AVm (p AVL: |X|_

AV = BV, )cos ¢ = (10.0 V) cos 30.0°=
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3369 (a)

33.70

XL =Xc =1884 Q when f =2000 Hz
L= o 18049 g6 and S S : =42.2 nF
2mf 40007t rad/s (2mf)Xc (40007 rad/s)(1884 Q)
1 [ 2 2
X, =2mf(0.150 H) X, = Z =+/(40.0 Q)" +(X; = X
- ( ) Xe (27t)(4.22x107° F) il JrxXe)
(b) Impedence, Q
f (Hz) XL Q)  Xc (@ Z(Q 12 k -
300 283 12600 12300 s
600 565 6280 5720 8k
800 754 4710 3960
1000 942 3770 2830 Z\ Y
1500 1410 2510 1100 ik N / i
2000 1880 1880 40 \Z\ .
3000 2830 1260 1570 X ™~ ¥
4000 3770 942 2830 I <
6000 5650 628 5020 v s 9
10000 9420 377 9040 Inf
W= =1.00x10° rad/s L (9
o7 JLc T w/ wy wL (Q) | wC Z(Q) | P=I?R (W)
0.9990 999.0 1001.0 2.24 0.19984
For each angular 'ﬁ"equencyl we 0.9991 999.1 1000.9 2.06 0.23569
find 0.9993 999.3 1000.7 1.72 0.33768
0.9995 999.5 1000.5 1.41 0.49987
0.9997 999.7 1000.3 1.17 0.73524
7= /Rz +(wL- 1/wC)2 0.9999 999.9 1000.1 1.02 0.96153
\ 1.0000 1000 1000.0 1.00 1.00000
1.0001 1000.1 999.9 1.02 0.96154
then 1=(100V)/Z 1.0003 1000.3 999.7 117 0.73535
1.0005 1000.5 999.5 1.41 0.50012
o 1.0007 1000.7 999.3 1.72 0.33799
and P =1%(100 Q) 1.0009 1000.9 999.1 2.06 0.23601
1.0010 1001 999.0 2.24 0.20016
The full width at half maximum is:
1.00000 -
Af = D _ (1.0005 - 0.9995)wy 0.80000 -
2m 2m 0.60000 1
3571 IR 0.40000
ar=100x107S 7 159 1y, (W) BEE0 -
2m 0.20000 -
while 0.00000 : : : ;
R 100 O . 099 0998 1 1.002  1.004
= 3 =159 Hz w/wg
2n 27{1.00x107 H|
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33.71 BVout R —=— R a -
AVin R?+(1wC)? | R?+ (127 C) I °
AVin R AVout
(a) BVout =1 \hen L =Ry3 o °
AV, 2 wC
w 1
Hence, f=—=——"——=11.84 kHz
2m  2mRCY/3
(b) Log Gain versus Log Frequency
0 -
-1 A
LogAV oy/AV i -2 T
- 3 -
-4 T T T T T 1
0 1 2 3 4 5 6
Log f
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