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Answers to
Selected Problems

—p—

CHAPTER 1

11 1=2A
1.7 W = 14407
1.1 (@) 5V, + top
(b) 5V, + bottom
(c) 5V, + bottom

(d) 5V,+top
114 (@) I = 2A
(b) V, =12V
118 (@) A =12 W
P, =24W
(b) o, =-T2W
P, =48W

1.21 P, = 48 W absorbed

CHAPTER 2

1.24 (a) P, = 16 W absorbed
P, = 8 W absorbed
P,y = 24 W supplied
(b) P, = 40 W absorbed
P, = 24 W absorbed
P; = 16 W supplied
P4y = 48 W supplied
1.28 P, = 48 W absorbed
P, = 48 W absorbed
P; = 56 W absorbed
Py v = 144 W supplied
Prs =8W

2.2 R, = 5k
2.6 G, = 200 uS
211 I, = 6mA
L =3mA
2.15 I, = -3 mA

X

219 v, = -9V

Ve =9V
225 V, =10V
2.30 V; = 2V
2.39 V, =36V

2.45 [, = 2.4mA
2.49 R,, = 12kQ
2.53 R,, = 2kQ

CHAPTER 3

257 I, = 1822mA P, = 1822 mW
I, =1751mA P, = 1751 mW

2.64 I, = —3mA

2.68 I, = 033 mA

2.72 Vy = 924V

277 V, =12V

282V, =3V
2.87 Vo =41V
2.92 V, =30V
2.98 [, = —4mA

2103 g =4

2109 [, = 2A

2113 1, =0.67A

31 ,=1mA
3.5 I, = 0.6 mA
39V,=-36V

314 I, = —1 mA
3.20 V, = 2.5V
V, = —033V
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327 V,=2V 354V, =-5V
332 V,=5V 3.59 I, = 2.88 mA
3.36 V, = 115V 3.63 V, =667V
V, =12V 3.69 I, = 2.67mA
V,= 12V 3.73 I, = 1.64 mA
V, =65V 3.79 Vv, =757V
3.41V,=8V 384V,=6V
3.46 V, =133V 389 V,=-333V
349 vV, =15V 3.95 I, = 2.88 mA
CHAPTER 4
4.1 v, (V) 412 I, = 1mA L=0A L = 1mA
] 417 (@) V, =4V, — V,
0.75V (b)V, =2V
O'Z I\ () 4V=V,=28V
e 0.5 1 15 2 ¢(s) 421 ;7,,]: _R%
-1 425V, =0V
-15 430 Vv, =112V
- 435V, =-1143V
25 —2.25V 4.38 v, = vl[l LI &]<— &>
R, R, R,
4.9 Yo _ 7.06
Vi
I, = 606 pA
CHAPTER 5
51 I, = 114 mA 5.50 I, = 2.57 mA
5.5 I, = -32mA 5.55 I, = 0.909 mA
59 I, = —2mA 5.59 Ry, = 400 Q
514 V, = 144V 5.65 V, = 0316 V
5.19 I, = 0.909 mA 570 V, = -5V
522 [, = 1.6 mA 5.76 Py, = 12mW
528 V, =48V 581V, =2V
5.33 I, = SmA 5.85 I, = —0.5mA
5.37 V, = 6579V 594 I, = 1.6 mA
5.44 I, = 1.6 mA 5.98 R, = 99.0Q
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CHAPTER 6
6.3 v=40V 0A <0
6.6 (1) = 9.23cos377t A 6.33 i(1) t/2 A 0=tr=2ms
. 1 =
X 1073 — ==
0 v £ <0 (3 1(())A 1) A 2 ms t>§ms
6.9 v(1) =100,V 0<1<1 r=oms
0.2V r=h 6.38 (@) L = 10 mH + 10% 9mH = L = 11 mH
0 1 <0 (b) L = 2nH + 5% 19nH =L =21nH
-2mA  0<r1<y () L=68uH £ 10%  6l2uH =L =748 uH
130 =1 0 hEreh 6.43 P, = 2133 W = 144]
SmA <1<t ) ke on We =
0 £ 6.49 V, =8V V=4V
6.54 C; = 2 uF
0 1 <0 ook
6.17 v(t) = {25002V 0 <i<1 6.60 Cyq = 318 uF
4V t>1 6.67 L,; = 6 mH

6.22 (a) v(t) = 75.4 cos377t V
(b) w(t) = 0.2in?377¢t J

6.73 v,(t) = 3.81 cos(377t) V

(1) (V)
2.5
2 10
.27
6 0 2 5 5 t (ms)
-2.5
CHAPTER 7
_t __t
7.3 vo(t) =12 — 8¢ 06V 7.2 v,(1) = 4 + 1.6¢ 06V
7.8 v,(1) = 4 + 507V V, (V)
v, (V) ®
60 5
50
40 —4
30 3
20
2
10
0 £(s) 1
0 0.2 0.4 0.6 0.8
-1 (s)
06 12 18 24 3.0
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7.19 i, (1) = 0.67¢ > A
7.23 i,(t) = 0375 — 1.125¢ % A

i (A)
]
0.75

0.5

0.25 /_
0 1(s)

0.125 0.25 0.375 0.5 0.675

-0.75

7.28 i,(t) =2 + 0.5¢ 7" mA
7.33 w,(t) = 436 27V

7.37 i)(1) =3 + 033¢ " mA
741 i (t) =24 — 2.4 25X10% oA
7.47 v,(t) =12 = 3%V

7.52 i(t) = -5+ 25" A

7.57 v,(1) = 16 — 2.8¢ 'V

7.72 L =2H
R =30
R, =50

775 (@) s>+ 25+ 5=0

(b) Si2 =

-2+ V4 -20
2

(¢) underdamped!
v (1) = 67’[A100s2t + A, sin2t]

7.80 v(t) = e *[10cos2t + 40sin2t]V

7.85 v,(t) = 12¢ 2% + 720te 2V

= —1 % j2rad/s

Vo (D(V)

20

A\

15 ' \

10 \\

° N

0 \*

-100 0 100 200 300 400 500 600
t(ms)

7.63 v,(1) = {27—168;:5’1\)/\] 0= tf i : 7.90 i(r) = (4.04¢ — 1.54¢77) A 2 _ (1)'20225 .
7.68 vg(0") = -8V 7.95 i(r) = e ¥[3cost + 5.4sint] A
i(0") =0A
ii(c0) =0A
CHAPTER 8
81 f=637Hz T =157 ms 8.36 V, = 45/-23.1°V
8.5 (a) i = v/R i(t) = 5cos(377r + 180°) A 8.41 1, =2.83/45° A
I=5/180°A 8.46 Z = —0.508 + j0.586 Q)
(b) i(r) = 65sin(377r + 45°) = 6cos (377t — 45°) A Z = 0.776 /130.9° Q
I=6/-45 8.52 V, = 358/153.4°V
8.9 Z =1.00 + j3.77Q 8.58 V, = 4.56 /37.9°V
8.14 Z = 2.83/169° O 8.64 V, = 555/86.8° V
8.18 v(r) = 5.16cos(377t + 45.1°) V 8.69 V, = 2.53/71.6° V
8.23 L = 10mH 8.73 V, = 4.71 /-98.1° V
8.29 v,(t) = 7.08 cos(10% + 36.8°) V 8.77 1, = 2/-369° A
I 8.82 V, = 5.55/86.8° V
I jo.2 8.88 V, = —4 + j4V Zy, = 224/117°Q
jo.1 8.93 V, = 4/90°V
_02 01 .‘Re 8.98 V, = 37.6 /-60.7° V
T, |70 8.103 I, = 17.7/—137° A
-jo.2




IRWIANS-A1-AlO0-hr 12/27/04 11:41 AM Page A5 $

ANSWERS TO SELECTED PROBLEMS

CHAPTER 9
9.2 (1) = 20cos(wt + 66.9°) V 9.43 V,, = 187V
p(t) = 40 cos (2wt + 96.9°) + 32.0 W 9.49 [, =327A
9.8 P=431W 9.53 pf = 0.833
913 P =225W 9.57 pf = 0.65 lagging
9.18 P, = 0.660 W supplied 9.63 Vg = 303 /11.1° Vg
Py, = 0.394 W supplied pfs = 0.73 lagging
9.23 Py, =9.92W 9.67 pfy = 0.72 lagging
928 Z, =2+ j2Q Sy, = 463 /43.8° kVA
P, =105W 9.73 C = 563 uF
9.34 Z, = 28 + j0.4Q 079 1| = {238 mA  dry skin
PL=132W man 144 A wet skin
9397, =4+ /10
P, =500W
CHAPTER 10
10.5 % = 0.140 /24.8° 10.52 V, = 536 /34°V

N

10.11 V, = 10.15/10.8° V
1015 V, = 2.17/5.19° V L =—1/n = 1.90/138° A
1018 L, = 325 /66.0° A 10.57 I, = 184 /0° AV, = 6.48/0° V

V, = nV, = 1072 /34°V

10.25 V, = 124 /-120°V I, =046/0°A ¥V, =259/0°V
10.63 V, = 1.80 /~140° V

10.31 V, = 122/15.0°V

1036 V, = 25/369° V 10.69 V = 14.14 /165° V

10.40 Z;, = 46 + j32Q 10.73 Vs = 309/153°V

10.47 w(t = 1 ms) = 94.1 pJ

CHAPTER 11

11.2 V,, = 100/45° V rms Vo
V,, = 100 /=75° V rms Im
V., = 100 /165° V rms
V,, = IOO\AEVrms = 171/75° V rms v,
V,. = 171 /=45° V rms Ven

V., = 171 /=165° V rms

/ Feal
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11.9 I, = 2.00/-73.6° A rms 11.41 I,y = 9.38/-4.39° Arms
1,, = 2.00/166° A rms Iy = 938/—124.4° A rms
I.c = 2.00/46.4° A rms Icy, = 9.38/115.6° A rms
1113 Z =35 j1Q 11.47 Z, = 12/25° Q
11.16 V,, = 217 /40° V rms 11.54 S, = 18.4 /49.4° KVA
11.23 Z, =10 + j12Q 11.59 pf,., = 0.966 lagging
11.29 |V, = 199 V rms 11.63 C = 16.4 uF

11.34 V,; = 208/60° V rms
11.37 V,, = 103/43.7° V rms

V,, = 103 /=76.3° V rms
V., = 103 /163.7° V rms

CHAPTER 12

1.8s + 1

125 Z, =
S

10(jw)
(jo + 1)(jo + 10)

12.9 H(jw) =

Bode Plot: Magnitude Response

20
0 = S~
//’—— \\\

o 20 _/ \~\~
- L
= L~ d \\\
3 Tl
% 40

-60

-80

1072 107! 10° 10" 10 10°
Bode Plot: Phase Response
100
\\

50 Sy
> N
= 0
T N
~ ™

-50 \\

\\
T~
-100
102 107! 10° 10" 10 10°

w (rad/s)
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1213 H(jo) = 100Gj)
A3 HGe) = T o + 10)(e + 50)
H[| | =2X 107 = —54 dB
©=T50
0
20 i
420/ dBjied /// 20 Bidec ||
gl N
0 = i 140|dB/deg
o
Z 60
I N
T \|
80 ™
100
120
0.01 0.1 1 10 100 1k
w (rad/s)
1217 G UC I T
A7 ‘m:m T 1(10)2 100
0
20
//
) Pl
z Pl s
[©] ’ﬁdameo \—40 dB/dec
40 \
\\
N
60 N
0.1 1 10 100
w (rad/s)
12.23 |G| 1002)(100) _ 30 — 46 4B
) w=01  (0.1)(100)
80
60
—
_ 4 ‘\\\ [-20|dB/dec
g 20 T A\
] \
0 K 40 (dB/dec
A
-20 - =20dBfdeg
\‘\\\
-40 L
0.1 1 10 100 1k
w (rad/s)
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As ANSWERS TO SELECTED PROBLEMS

1229 H(ie) 533 X 10*(jw + 1)(jo + 120) 12.49 R = 2000 O
29 Hijo) = = 7 10)(jo + 80)° C = 25uF
L =10nH
288(jo + 100)? "
12.34 G(jo) = 12.53 L., = 50 pH
jo(jo + 900)[(jo)® + j4o + 400]
Coew = 125 uF
12.39 o, = 7.07 krad/s R=2Q
0 = 14.14 12.57 Filter is highpass
Oy = 7.06 krad/s 12.63 (@) Iypc = S0 pA
[Voma| = 849V R; = 100 kQ
(b) 0.952mS =< g, = 1.053 mS
12.44 0 = 333 12.69 (a) R; = 100 MQ
C =100 pF (b) R = 500 Q
BW = 300 rad/s 12.75 Arbitrarily select C = 1 nF, yields R = 6.87 k()
CHAPTER 13
13.1 L[f(1)] = et 13.32 f(1) = 207D — 4Dy (r — 1)
13.5 F(s) = efw{ ® cos© (s + a)sinow } 13.37 y(1) = [¢" = ¢ ™]u()
- - 2 2 2 2
(s +a) +o (s +a) +o 13.41 Initial values
e—(s+a) . _
13.8 F(s) =~ — . @) lim f(r) = 2
1 (b) lim f (1) = 2
13.12 (a) f(1) = g[l + 3¢ — de u(r) =0
1 ) . (c) lim f(r) =2
(b) f(1) = E[1 — 2¢7 + 3¢ u(r)
Final values
13.16 (a) f(r) = 10e " cos(r — 90°)u(t) (a) t]Lm f(t) =4
(b) f(t) = 10e % cos(t)u(t) (b) lim /(1) = 0
1 .
13.21 (a) f(¢) = |:—Ee_2' + 1.58¢7 cos (1 — 18.4")}4(1) (¢) lim f(r) =0
(b) £(t) = [3(t) — ¢ cos(r + 90°) Ju() 13.45 i(r) = 2¢ *¥u(r) A

13.27 (a) f(t) = [teit — 3¢t + 46’72{]14(1‘) 13.48 ’Uo(l‘) = 2.67671‘67’1,5(1‘) v
1
(b) £(1) = 1¢ [t — 4te™ — e u(r)

CHAPTER 14

6s + 8 14.30 v,(t) = 9.6¢'u(t) V

1417, =——0 "=
)7 652 + 165 + 11

14.35 v,(t) = 1.15[e™ 2 — " Ju(r) V

14.6 v,(1) = [4V2 ¢ cos(r — 45°)Ju(t) V
(1) e ( ) Ju(r) 14.38 v,(t) = 12¢ %u(t) V

14.42 v,(t) = (4 - %e"")u(r) -

4
(4 - 5674(’71)>u(t -1V

[
14141 v,(t) = [2V2 e cos(t — 45°)Ju(t) V
14.16 v,(1) = [2(1 — ) |u(t) V

[

14.21 v,(1) = [4 — Se " + 2 |u(t) V

18.45 Yo St
14.25 v,(1) = [1.5(1 = ¢ *)]u(r) V TV, l4s+6
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Complex conjugate pales.
vV, - -2+ V4-38
14.51 v = ﬁsz Roots at s = 5, = -1+ j1 Network is
s ST 2 underdamped!
14.54 o, = V40rad/s 14.59 v,(t) = 4.71 cos(t — 45°) V
2{w, =22 = { = 1.74 overdamped 14.63 v,(t) = 522cos(2t + 97.8°) V
CHAPTER 15
x 2 ] 4w e L
153 f(1) = 3 ——eim 15.24 f(r) 4 sin(207t) — 5sin(40mt) — 3 sin(607t)
n=oo JUT — 2sin(80mr) — sin(100m)
2.&3 . 1 1
15.8 o(1) = — 22‘1 ~sin(nmt/2) = —cos(nmt/2) V 15.29 ,(r) = 7 + 0.285cos(r + 26.6°) +

n odd
4 4 0.023 cos(r — 49°) V
15.13 q, = ﬁ(cos(m-r/Z) -1)+ n—ﬂsin(m-r/Z)

(n)
15.32 P = 1276 W

a,=—— b,=0 15.37 v,(r) = 1.27 cos(4r — 58°) V

e 15.41 w = 0.106 7
15.18 v(1) = ) + > — (cos(nm) — 1)cos(nt) +

=] Tn

=

%(1 — 2cos(nm))sin(nt) V

CHAPTER 16
I 1 1 V,
16.1 (a =1 = = 16.11 — = —438
(@) yi v, Vi Z, Y1 Z, \
1 1 v
Yo =~ Yo =5 16.18 h,, = I—‘ R//R, =50
L L 1v,=0
V; I —R 1
(b) z,, 1 =7, Zy 2 =7 h, = - = =
I1 L=0 Il L=0 I] V,=0 Rl + RZ 3
z, =171, 2y =17, h \4 _ kR 1
? Ve R +R, 3
TN 2 R M A ol o1 2
I Y I Val=o  Rs//(R, +R,) 3
2 1
Y =5 =5 Yo = =0 V, V
Vilv,=o  Z Valv,=0 1622 (@) A= —| =1 = =z
vV, L,=0 -1, V,=0
For y,,
1 C = h =0 D= L =1
|Z2| I - Vi Val,-0 =L |v,=0
L4
V, V,
& i 21L,=0 2|v,=0
Vioon P R O 1 I
vV, L,=0 Z, -1, V,=0
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Vv, R + R _ Y2 _
16.26 A = — S S 16.32 z;, = Ay 30
vV, 1,=0 Y+ R
g _ RiRat RRy+ RiRy = YR, 2, = Ayu -0
Yyt R Y
2+ j2
I, 1 16.37 Y, = -
C=— = 1+ _]2
v, L,=0 Y+ R 16.42
A2V, =232/157°V
D=— ==
“Llv,.o vtk

Zy, = Ay = 20)
Z5 —%— 50



