Chapter 19

Z
I:gl Z, =3Q20°%2Z,=8Q £90°% Z3 =6 Q £-90°
Z,||Z;=8Q £90°| 6 Q £-90° =24 Q £-90°

. E, 30 V./30°
Z,+7,||Z, 3Q-j24Q
po Tl (6Q2£-909(1.24A £112.875°)

=1.24 A £112.875°

=3.72 A £-67.125°

Z,+1Z, 2Q £90°
1
.
I:ZZI I:Zgl ¥ Zi| Z,=3Q £0°]|8 Q £90° = 2.809 Q £20.556°
e R 60V £10°
4 2+ 717, —j6Q+2.630Q+ 0.986Q

=10.597 A £72.322°

o Ll (3020910597 A £72.322°)
7, +7, 30+,80
I, =V +1”=3.72 A £-67.125° + 3.721 A £2.878°

= 1.446 A —j3.427 A +3.716 A +0.187 A
=5162A—j324 A
=6.09 A £-32.12°

2. W
Z,=8Q £90°,Z,=5Q £-90°
. I:Z:I I=03A £60° E=10V £0°
1 L LI (8Q90°)(03A£60°) 2.4 A £150°
V- _ -
—_

=3.721 A £2.878°

Z,+1Z, +/8Q- j5Q 3.£90°
=0.8A £60°

T Z+Z, 1/8Q-;5Q 3290°

4—‘

:
° I:ZZI 2 =333 A Z-90

=

1 ” E 10V £0° 10 A/0°

+ I=I-1
E =0.8 A £60°—3.33 A £-90°
=(0.4 A+0.69 A)+,/333 A
—0.4A+j4.02A
=4.04 A £84.32°
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- 7,=3Q290° 7Z,=7Q £-90°

+
! Z, z, [ E=10V £90°
+ AT ¢ Z:=6Q /-90°,Z,=4Q £0°
E(~ 7' = Z,|| (Zs + L)
- T =30 290°] (4Q—-60Q)

=30 £90° || 7.21 Q £-56.31°
=433 Q £70.56°
v,=LE_
7 +7,
_ (433Q £70.56°)(10 V_£90°)
(144 Q + j4.08 Q) - j7Q

_ IV L6056 _ 2o ana 3o

3.26 /—63.75°
P Vi _ 1328V .£22431°
Z 3Q £90°

=4.43 A £134.31°

[ Z I
L4 <l_3
I/I
[z =5 z] 7 =75+ 7| Zy
‘ — 60 +3Q £90°]7 Q £-90°
)i — /6 Q+5.25Q £90°
i =—j6 Q+/525Q
=y = j0.75 Q= 0.75 Q.£-90°
Z,0  (4Q0°)0.6A £120°) 24 A £120°

CDR: I = 7 5 =
Z,+7Z 4Q-;0.75 Q 4.07 £ -10.62°

=0.59 A £130.62°
Z,];,  (7Q£-90°)(0.59 A £130.62°) _ 4.13 A £40.62°

Z,+1Z, —j7Q+,30Q 4 £-90°
=1.03 A £130.62°

I” —

I, =1 — 1” (direction of I")
=443 A £134.31°—-1.03 A £130.62°
= (=3.09 A +/3.17 A) — (~0.67 A +j0.78 A) = -2.42 A +2.39 A
=340 A £135.36°
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4. I 1, 241k

1
> I X, = =1.17kQ
+¢Z ' 2m(20 kHz)(6.8 nF)
1 . 1
2k FR117ke Zaoke (()emazier x, = =241 kQ
* 2m(20 kHz)(3.3 nF)

(2kQ £ 0% || (1.17 kQ £ -90°) = 1.01 kQ £ -59.67°

7' =2.41kQ £-90° + 1.01 kQ £-59.67°
= —j2.41 kQ +0.510 kQ — j0.871 kQ
=0.510 kQ — j3.28 kQ

o BRI GOKQ £09)6mA £180°)
R,+Z 39kQ+0.510kQ— /3.28kQ
 23.4mA 2180° 234 mA £180°
T 441,-328  55.-36.64°
— 425 mA £216.64°
Ve =1cXe, = (425 mA £216.64°)(2.41 kQ £-90%)

=10.24 V £126.64°

E: 2kQ 2.41 kQ

M ——1¢
+ —_—

\ v, s

14V £ 0° @ = 1.17kQ §3.9kg

7’ = (1.17kQ £-90°) || (3.9 kQ — j2.41 kQ) = (1.17 kQ £-90°) || (4.58 kQ £-31.71°)
~(1.17kQ 2 -90°)(4.58 kQ ~ -31.71°) _ 5.36 kQ £ ~121.71°

—jL17kQ + j3.9kQ - j2.41 kQ 3.9-j3.58
U 536KQ-121T1 o o
5.29 2 -42.55°
v, LE) _(101kQ/-79.16°)(14V £ 0°)
“TZ+R,  2kQ+1.01kQ~-79.16°
~ 1414V £-79.16° 1414V £-79.16° 14.14V 2-79.16°
2+0.189- j0.991  2.189 - j0.991 2.4 £-24.36°
=589V £-54.8°
XV, (241kQ £-90°)(5.89 V£ ~54.8°) 14.195V £ ~144.8°
“ X, +R, - j2.41kQ +3.9 kQ 3.9 kQ - j2.41 kQ
14.1 ~144.8°
R O xS
4.58 2 -31.71°
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Vo=V +V,,
=10.24 V £126.64° + 3.1 V £-113°
= (=6.11 V4821 V) + (=121 V - j2.85 V)
=731V +j536V
=9.06 V £143.75°

5. E: X, =2x fL = 2n(10 kHz)(20 mH)
Ri R, =1.26kQ
- C 1 1
E L XC = =
T 27fC  27(10 kHz)(0.01 uF)
' |—>1 . - ATILW =1.59 kQ

Zr=R; £0° + Xc £-90°) || (Ry £0° + X, £ 90°)
=1kQ + (1.59 kQ £-90°) || (2.2 kQ + j1.26 kQ)

2.54kQ £ 29.8°
(1.59 kQ £ —90°)(2.54 kQ 2 29.8°)
~j1.59 kQ+2.2 kQ + j1.26 kQ
4.04 kQ 2 -60.2° 4.04 kQ 2 -60.2°

- 1kQ+ : = 1kQ+
2.2-j0.33 2.23 2 -8.46°

=1kQ+ 1.81 kQ £-51.74° = 1 kQ + (1.12 kQ — j1.42 kQ)
=2.12kQ - j1.42 kQ
=2.55kQ £/-33.82°

=B 10VZ00T o)A 203800
Z, 2.55kQ.-33.82°

) (X 2-90°)(1,)

© X £-90°+ R, £0°+ X £90°

(159 kQ £ -90°)(6.27 mA £ 93.82°)

 —j1.59kQ+22kQ + j1.26 kQ

_9.97mA £3.82°  9.97 mA ~3.82°

©22-j033 222,-853%

T1, =449 mA £12.35°

=1kQ+

L,

I: ‘M (1 kQ £0°) || (1.59 kQ £-90°) = 847.74 Q £-32.17°
2.2kQ 7' =X, +847.74 Q £-32.17°
=71.26 kQ +717.59 Q —j451.36 Q
o =0.72 kQ + j0.81 kQ
smiza0 |, = 1.08 kQ £48.36°
1kQ f2
1.59 kQ

~—

z
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R,(I)  (22kQ £0°)(8 mA £30°)

B2 R, +Z 22kQ+0.72kQ+ j0.81 kQ
17,6 mA ~30° 17.6 mA ~30°
- 2.92+;0.81  3.03215.50°
=5.81 mA £14.5°
IL=1, -1, (directionof I, )
=(4.49 mA £12.35°) - (5.81 mA £14.5°)
=(4.39 mA +;0.96 mA) — (5.62 mA +;1.45 mA)

=-1.23 mA —-;j0.49 mA
=1.32 mA £-158.2°

6. AC: ]I—S' IZ I o—o XC_L=L=;
K 20/C oC  (1000)(4.7 uF)
20 VASOO . = 212.77Q
X, =2mfL = oL = (1000)(47 mH)
Using px ak value =47Q
—_—

7,=21277Q £-90°,Z,=47 Q £0° Z3=22 Q+j47 Q=51.89 Q £64.92°
7| 75=129.23 Q £30.66°

Lr=7,+7Z,|Z;=—212.77 Q+ 2514 Q +j14.91 Q
=25.14Q —;197.86 Q=199.45 Q £-82.76°

E 2 °
R R N W VAT R
Z, 199.45Q.-82.76°

Z,1,  (51.89Q ~64.92°)(0.1 A ~142.76°) 5.19 A ~207.68°

2, +Z, 2Q+47Q+47Q 83.49 £ 34.26°
1=62.16mA £ 173.42°
and i = 62.16 x 10~ sin (1000¢ + 173.42°)

DC: _5V+ I 5V 5V
o o I{I} LO+47Q 690
=172.46 mA
47 Q
tr
Wy
22 Q

i=—72.46 mA + 62.16 X 107 sin (1000¢ + 173.42°)
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7. DC: R R,

6Q 3Q
—— Vg =12V

L

R Ry (6 Q2 0°)I)

. Ic Ic=
AC | m B ol , T 6Q+3Q-/10
. X FR19 Vs _(6Q20°)4A £0°)
4 - 90Q-/1Q
4 | 24A L0
= 9.055./—6.34°
=2.65 A £6.34°

Ve=IcXc=(2.65 A £6.34°)(1 Q £-90°) = 2.65 V £—83.66°
=12V +2.65V £—83.66°
ve =12V + 3.75 sin(or — 83.66°)

8 - aa

: .
' E=20V £0°
| . . Z,=10kQ £0°
EI |:z2:| El Z,=5kQ—j5kQ
Zy=5%kQ £90°
X

=7.071 kQ £-45°

[ 1=5mA £0°
7' =7, Z;= 10 kQ £0° || 7.071 kQ £-45° = 4472 kQ £-26.57°

Z1  (4472kQ £ -2657°)(5mA £0°)  22.36 mA /£ -26.57°

(CDR) r=— = : :
7 +17, 4kQ- 2kQ+ j5kQ 5236.87°
=4.472 mA £—63.44°
E=20V40°
)
J ) "
A\
v |:z2] |}3:| 7’ =17, Zs
N =7.071 kQ £-45°]| 5kQ £90°
W =7.071 kQ ~£45°
—_— (I
ZII
(VDR) V' = %’E _ (7.071kQ £45°)(20V £0°) _ 141.42 'V £45
Z+7, (5kQ+j5kQ)+(10kQ)  15.81.18.435°

=8.945V £26.565°
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10.

238

I” - =

V' 8.945V £26.565°

7 5kQ £90°

I=1+1”=(2mA —j4mA) + (0.8 mA — j1.6 mA) = 2.8 mA — j5.6 mA

hl

=6.26 mA £-63.43°

Z,=20kQ £0°
[ZEI Z,=10kQ £90°

I=2mA £0°
4y E=10V £0°

Y=

Z,(h) _ (20kQ £0°)(100)(2 mA £0°)

=0.179 A £-26.57°

=1.789 mA £-63.435°=0.8 mA — ;1.6 mA

7, +7, 20kQ + j10kQ
(~) " ” E 10V £0°
il "= -
X Z,+Z, 2236kQ.£2657°
I:Z;I —0.447 mA £-26.57°
I, =T —1” (direction of I')
=179 mA £-26.57° — 0.447 mA £~26.57°

uv
+
=

~Zy(1V)  —(4kQ 209202V £0°)
Z,+7,+7, 5kQ - j1kQ +4kQ

A

=178.55 mA £-26.57°

Mz |
L= 1

+

v/ Z,=5kQ £0° Z,=1kQ £-90°

7;=4kQ £0°
V=2V Z£0° u=20

=-17.67V £6.34°

71

_ (5kQ £0°)(2 mA £0°)

I' =1.104 mA £6.34°

CDR: I'= ——
7,+7,+Z,
vL" ;
9.056 kQ £ —-6.34°
-

V7, =-T'Zs=—(1.104 mA £6.34°)(4 kQ £0°) = —4.416 V £6.34°

V.=V +V", =-17.67V £6.34° —

4416V £634°=-22.09V £6.34°
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11.

h1<¢> I:zgl Z,=20kQ £0°

Z,=5kQ+j5kQ

tr
==
P ZUD _ QOKOZ100)(ImA L0 o
7, +7, 20kQ+5kQ + j5kQ
i],’
zgl BV QOI0V £0)
Z,+Z, 25495kQZ1131°

L)

= =7.845 mA £-11.31°
I, =1 — 1” (direction of I)
=78.45 mA £-11.31°—-7.845 mA £-11.31°
=70.61 mA £-11.31°

<_ <l Z,=2kQ £0°, Z,=2kQ £0°
vV, =-1,Z,
* I=rl+1=(h+DI
E Zz V V. =—(h + )IZ,
- and by KVL: V,=1Z; + E
—

~E
Vy=—(h+ DIZy=—(h + 1) %}Zz
1

Subt. for Z,, Z,

so that I = A/

Vi=—(h+1)(V.-E)
V.2 +h)=EHh+ 1)

(h+1) o . .
L= ——(20V453) 19.62V /53
(h+2) 52
13. 11: + 20V _
N
LV e I=1mA £0°
|<> v . Z,=2kQ £0°
{ M V(% Z,=5kQ £0°
—_ T
KVL:V,-20V-V=0 1’:& 1'—21V orV=—1"
Z, Z, 21
V,=21V
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V =IsoZ, =1, -1']Z,

zZ .,
Ar=12,-1Z
71 1£42 2

Z
1[2—1 + Zz} =1,Z,

z, (5kQ 2 0°)(1 mA 2 0°)

and I’ = 7 [L]= TV =0.981 mA £0°
iz, S el 5kQ 00
21 21
122
+ 20V _ Vi=20V+V=21V
Ill
’” \/,\><_ I”7V1:21V ﬁvf
oLl e "z oz 2V
Vi V CD'? vV 7 .,
_ - L= —= I
T Z, 21Z,
=
Z 4
I”:Iz_ISkQ:Iz_ 211ZZI
I”7| 1+ Z, =1
21Z,
” I, 2mA £0°
I” = = =1. A Z0°
Z K0 963 m 0
1+ +——
217, 21(5kQ)
I=T +1”=0.981 mA Z£0°+ 1.963 mA ~£0°
=2.94 mA Z0°
14. Ell
0
— +
\:x 100 20
+ @ + Vs,
10V20° 4 Vy
T

10V Z0°-110Q-12Q-4V,=0
with V, =110 Q

Solving for I:
= 10V £0°

=192.31 mA £0°
52Q

Z

1 I//

21

V. =10V £0°-1(10 Q) =10 V — (192.31 mA £0°)(10 © £0°) =8.08 V £0°
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Ir 1 o]
_ -5 5400 *
V)(%1OQ5V-:—( 29 ‘ 4
3 . (Dsvas

4V,
"5 A 0 )

' == ! °

ZI,‘=EI,,
sa 00+ Yr Vs
10Q 2Q
S5A+01V,+25V,=0
26V,=-5A

V.= —iV =-1923V
2.6

V=V, =—(-1.923 V) =1.923 V £0°
Vo=V +V” =808V £0°+1.923V £0° =10V £0°

15 Zpy:
[z |
1
I 1 Z,=3Q 2£0° Z,=4Q £90°
< E =100V £0°
? T Th Zn=7,|Z,=(3 Q £0°] 4 Q £90°)
+ —240 /3687°=1.92Q +/1.44 Q
ET},I
L% ]
+ L. b _ _ZE _(4Q290°(100V £0°)
E Ery "z, +1, 50 /53.13°
f- — 80 V £36.87°
—_
6. Zp:
Lry=23+7, || Z,
2 1% = 46 kQ + (2 kQ £0° || 3 kQ £-90°)
! ! — 16 kQ + 1.664 kQ /~33.69°
< — 476 kQ + 1.385 kQ —j0.923 kQ
) 7 =1.385 kQ +/5.077 kQ
== —5.26 kQ £74.74°
Ez,

N b LE _(3kQ £-90°)20V £0°)
Emn "z, 42, 2kQ - 3kQ

__00vVZ-90° 16.64 V £—33.69°
3.606 /£ —56.31°
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17. From #35. ZT},:Z1” Z2
Zr,=7Zy=21.31Q £32.2°

R
Em En=12' =1Zp,
1 = (0.1 A £0°)(21.31 Q £32.12°)
=213V £32.2°

18.  Zp, X, =2n L = 2n(1 kHz)(12 mH) = 75.4 Q

Zn = (120 Q £0°) || 470 Q + j75.4 Q)
476.0129.11°
(120 Q £ 0°)(476.01 Q £ 9.11°)
120 Q +470 Q + j75.4 Q
57.12kQ 2 9.11°
590 + j75.4 Q

%{—/
594.8,7.28°
Z7,=96.03 Q £1.83°

E7,  Source conversion:
E,=1Z=(2 mA £-90°)(470 Q £0°)=0.94 V £-90°

R;=470 Q
120 Q 754 Q 450 Q
v l O
+ ,l_> + +
8V «£0° Em 0.94V £ -90°

L
8V £0°-0.94V £ -90°
C120Q+470 Q + j75.4Q
8V ./0°— (-j0.94V) 8V+ 094V
590Q+j754Q 5948 Q. 7.28°
8.055 V £ 6.70°

594.8 Q ~ 7.28°
=13.54 mA £-0.58°
Ep =8V £0°—IR=8V £0°—(13.54 mA £-0.58°)(120 Q)
=8V £0°—1.62V £—0.58°
=8V —(1.62V —j16.4x 107 V)
=8V -1.62V+/164x10°V
=8V -1.62V+0.016V
=638V +,/164%x10°V
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1 1

X = = =3.39kQ
‘ > 2xfC  2r(1 kHz)(0.047 uF)

Source conversions:
7Z =R, + XCl =2kQ —/3.39kQ =3.94 kQ £-59.46°

E 10V £ 0°
L=—"= 0vo =2.53 mA £59.46°
7' 3.94kQ s -59.46°
E, 10V.,0°
L=—2=——""—=5mA £0° E=1Z=(5mA £0°)(2 kQ £0°) =10V £0°
R, 2kQ.0°
G,
|C
I\
3.39 kQ 2 kQ R
L® 1, R, -
E=10V £0°
| 7 .

Ir=1,-1,=2.53 mA £59.46° — 5 mA £0°
=129 mA +;2.18 mA -5 mA
=-2.47 mA +;2.18 mA
=3.29 mA £138.57°

Z" || Ry =(3.94 kQ £-59.46°) || (2 kQ £0°)

_ (394 kQ £ -59.46°)(2kQ £ 0°)
2kQ - j3.39kQ +2 kQ
7.88 kQ ~-59.46°  7.88 kQ ~ -59.46°

4 - j3.39 5.24 ~ -40.28°
1.51 kQ £-19.18°
Source conversion:
E' =1Z=(3.29 mA £138.57°)(1.51 kQ £-19.18°)
=497V £119.39°

1.51kQ £ -19.18°
(o I
| AN é
+

+ 3.39 kQ

_ 0- £
+
Zn =2 kQ £0°) || (1.51 kQ £—19.18° — j3.39 kQ)
= (2kQ £0°) || (1.43 kQ — j0.496 kQ — j3.39 kQ)

= (2kQ £0°) || (1.43 kQ — j3.89 kQ)
= (2kQ £0°) || (4.14 kQ £—69.82°)

 (2kQ£0°)(4.14 kQ £ -69.82°)
 2kQ+1.43kQ - j3.89kQ

_ 8.28kQ £ —69.82°

© 343-j3.89
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_ 8.28k€Q ~ —69.82°

5.19 £ -48.6°
Zr,=1.6 kQ £-21.22°

, E+E
2kQ - j339kQ+1.51kQ £ -19.18°
497V £119.39°+10 V £ 0°

2 kQ - j3.39 kQ +1.43 kQ « -j0.496 kQ

244V +j433V+10V
3.43 kQ - j3.89 kQ
_ 756 V+,;433V 871V .29.8°

5.19kQ ~ —48.6° 5.19kQ ~ —48.6°
=1.68 mA £78.4°
Er—Vyq+E=0
Er=Vuq—-E
— ()2 kQ) - 10V £0°

=(1.68 mA £78.4°)(2kQ £0°) - 10V

=336V £78.40°— 10V
=0.68V+j329V-10V
=932V +/329V

E7,=9.88 V £160.56°

20. 10Q
AN

20 §4Q

)|
J1
©
o]

|||-—° ;N

Zn=(8Q £-90°) || (10 Q+2 Q| 4Q £90°
8 Q 2 90°
T]A]

L, 8Q290°
447 £ 63.44°
10Q+1.79 Q £ 26.56°
10Q+1.6 Q+ /0.8 Q

11.6 Q + j0.8 Q

%,—/
11.63 Q 2 3.95°
(8 Q £-90°) || (11.63 Q £3.95°)

92.8Q ./ -86.05° 92.8 Q. -86.05°
—j8+11.6+ 0.8 11.6- j7.2
92.8 Q ~ -86.05°

13.65 2 -31.83°
2y =7Zn=6.79 Q £-54.22°

= (8. Q £-90°) | [10 Q+

10 Q

244
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Z,=2Q £0° 7Z;=8Q £-90°
Z,=4Q /90° Z,=10 Q £0°
E =50V £0°
Ep=V,+V,
- Z,E
L=
Z,+7Z,|(Z; +Z,)
(4Q290°)50V £0°)
+ +j4kQ+2Q20°(10 Q- /8 Q)
=47.248 V £24.7°

Vi=E-V,=50V £0°—47.248 V £24.7° =20.972 V £~70.285°

oz, (10Q20°)(20.972 V £ =70.285°)
Yz,vz, 10Q-j8Q

Ep=V,+ V,=47248 V £24.7° + 16377V £-31.625°

— (42.925 V +19.743 V) + (13.945 V — j8.587 V)
=56.870 V +/11.156 V = 57.95 V £11.10°

=16.377V £-31.625°

21. ZThI
=]
! : Z,=10Q £0°,Z, =8 Q £90°
1z, Z:=8Q £/-90°
= T T

Zy=72;+7,|2Z,
=—j8Q+10Q £0°| 8 Q £90°
=—j8 Q+6.247 Q £51.34°
=8 Q+3.902Q +,4.878 Q
=39020Q-3.1220Q
=5.00 Q £-38.66°

Er: Superposition:

(E1)
Z o °
. | %1 | +'| 3 '| I . By, = (8Q 290 )(1;0V40)
, , 10Q+,8Q
=1 _FT” , T_FW 960V £90°
4+ 12.806 £38.66°
= =74.965 V £51.34°
I I | I |
® L% | 1% | 1
[ + - VZs + +
| 'z ! : 4
=
CHAPTER 19

245



Ell ™= sz + VZ3

=1Z; +1(Z: || Z>)
=IZ;+ 7| Z,)
— (0.5 A £60°)(~j8 Q + 10 Q £0°|| 8 Q £90°)
— (0.5 A £60°)(~j8 Q +3.902 Q + j4.878 Q)
= (0.5 A £60°)(3.902 Q —;3.122 Q)
= (0.5 A £60°)(4.997 Q /—38.663°)
=2.499V £21.337°
En=Er7n+E"p

=74965V £51.34°+2.449V £21.337°

— (46.83 V +58.538 V) + (2.328 V +0.909 V)

=49.158 V +;59.447V =77.14 V £50.41°

22. ZThI
ZTh
T T Z7,=7Z=10Q—;10Q=14.14 Q £—-45°
EThI
ETh =E - VZ
=20V Z40° -1Z

=20V £40° — (0.6 A £90°)(14.14 Q /—45°)
=20V £40° — 8.484 V £45°

=(15.321 V +,12.856 V) = (6 V + j6 V)
=9.321V +,6.856 V

=11.57 V £36.34°

23. a.  AC:
Y Z,— 2 -90°=212.77Q £-90°
Th- = oC
L %1 | o—>o° Z;=22Q+ ol £90°
+ . =22Q+;47 Q
E =20V£60° @ [ =51.89Q £ 64°

Z.E  (51.89 Q. 64.92°)(20 V £ 60°)
Z,+7Z, 22Q+ j4TkQ- j212.77Q

=6.21V £ 207.36°

Ep =

ZThI
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(212.77 Q 2 -90° )(51.89 Q ~ 64.92°)

Zp=7,7,= ; 5
—j212.77 Q +22 Q + j47 kQ
=66.04 Q £57.36 ° =35.62 Q + j55.61 Q
DC: Ep:
5V
o o i
L,
Epn=-5V
Ezm T
AWy
22 Q
RThI
(e, l O O
RTh RTh = 22 9
L
22 Q
b AC:
3562 Q + j55.61Q E,,
Z,] 1= — =
ﬂ L| ZTh +RL
+ o
E;,=6.21V£207.36° 47 Q = 6.21 V 2207.36
- 35.62 Q+ j55.61 Q+47 Q
621V £207.36°
82.62 Q + j55.61 Q
_ 6.21V £207.36°
99.59 Q ~ 33.94°
=62.36 mA £173.42°
DC:
Ry, =22 Q
MWy
- = 5V 5V
Ep=5V = 47 Q 20+47Q 69Q
* J =172.46 mA

i=—72.46 mA + 62.36 x 107" sin (10007 + 173.42°)
matching the results of Problem 4.
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24. a. ZThI
1 Rz
M AWy
60 l 30 l
[ ]
“Lp=Zy +2y =6Q+3Q=9Q
| I
_— T
DC: R, R,
M A
o] e
+ +
E =12V E=12V
i T
AC: R, R,
MWy AWy
T-60 + 30 .
I “E'p=1Z, =(4A £0°)(6Q £0°)=24V £0°
_

Ep=12V+24V £0°

(DC) (AC)
b. l\;‘;‘Th DC: V=12V
W AC: voo EE
c =12V . LotZy,
E X, 7R 19 v, _ (1Q£-909)(24 V £0°)
E 24V10 - -j1Q+9Q
= 24V £ -90°

ve= 12 V+2.65V £-83.66°
=12V + 3.75 sin(@? — 83.66°)

 9.055 /—6.34°
Ve=2.65V /—-83.66°

Z,=10kQ £0°
Z,=5kQ - j5 kQ
=7.071 kQ £-45°

25.  a. Ly L
: o |
oS
! 3 !
Zy =7, Z,=(10kQ £0°) || (7.071 kQ £-45°) = 4.47 kQ £-26.57°
Source conversion:
248
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E, = (IZ0)(R,£0°) = (5 mA £0°)(10 kQ £0°) =50 V £0°

20, b Z.ESE)
_/ L Z,+17,
E

+

E, =50 V/0°

t o (7.071kQ £ —45°)20'V 20°4 50V £0°)
I:Zgl m ~ (5kQ— j5kQ) +(10 kQ)
(7.071 kQ £ 45°)(T0 V £ 0°)
- (15 kQ - j5 kQ)
49497V £~ 45°

T 15811 /—18.435°
~3131V £-26.57°

(O]
—o
|

_ E, 31.31 V £ -26.565°
CZ, +tZ, 4472KQ-26.565 +5KkQ £ 90°
_ 3131V./-26565° 3131V /-26565
C4kQ- 2kQ+5kQ 0 4kQ+ 3kQ
3131V £-26.565°

= 6.26 mMA £63.44°
5kQ £36.87°
26.
Z,=10kQ £ 0°
- < Z,=10kQ £ 0°
Z;, Z;=1kQ £ -90°
= *
Zo=2s+Z, || Zo=5kQ —j1 kQ =5.1kQ Z-11.31°
7,2 o
£, (VDR) g, = Z2C0V) _ (10kQ £00Q0V) _ 1y
Z,+7Z, 10kQ+10kQ
27, L
[ Z2 I °
l = Z,= 40 kQ £0°
-
I:zgl z, Z,=02kQ £-90°
1 Z,=5kQ £0°

|||—

Zp =175 (Z) +Z,) = 5kQ £0° || (40 kQ — j0.2 kQ) = 4.44 kQ £—0.03°
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N
||

1001(

|||-

,_Z,(1001)
Z,+7Z,+Z,
_ (40kQ £0°)(1001)

45kQ £-0.255°
=88.891 £0.255°

Ep=-1"Z;=—(88.89 1 £0.255°)(5 kQ £0°) = —444.45 x 10° I £0.26°

28.  Zm: l T la
«— ZTh = Z1 =
b
t T 1

ETh:
hI:
*—eo L .
hi E7y
| ' I
—_
E:
+
E’T’h= E=10Vz0°
29.  Zg:

Z, —e Z,=5kQA0°

250

20 kQ Z£0°

E' Th = —(hI)(Zl)
=—(100)(2 mA £ 0°)(20 kQ £ 0°)
=—4KkV £0°

En=E'rn+E"p
=—-4kV £0°+10V £0°
=-3990V Z£0°

Zzz—jl

1y =1,+72,= SkQ—jl kQ
=510kQ £-11.31°
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[z {z, | °
+|v1 N = Ep=[uV +V, ]
- Z
N I ~ =—(20)(2 V £0°) — (2 mA £0°)(5 kQ £0°)
4~ . =50V £0°

30. Z,=20kQ Z£0°

7,=5kQ £0°

Ly =7,+72,=25kQ £ 0°

Enm = uV — (h)(Z,)
= (20)(10 V 2 0°) — (100)(1 mA £0°)(20 kQ  0°)

=—1800V £0°
31 Ep (E)
I| Z, I| °
+ <l— + hl=-1 Z,=2kQ ~0°
E M Ey=Eg, ~1=0
- _ and AI=0
g . with E,.=Ep=E=20V £53°
L.: B
L2 |
+ 41— ® Isc = _(h + l)I
E hi b 1ee = _(h+ 1)(10 mA £53°)
- I ® =-510 mA «£53°
—>
= —> (h+ 1)

=——— =-39.22 Q Z0° (negative resistance)
I, —510mA £53°

E 20V £53°
ZTh = =
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32. Eg

+ 20V -
l <> d E’,. =21V Z,=5kQ £0°
+ +
, V=17 = (1 mA £0°)(5 kQ £0°)
h D Eoc V 5V 00
i ) R E = E =21 V=215V £0°
= " — 105 V £0°
+ 20V -
/’\/\ V:IZZ1
l I + = (2 mA £0°)(5 kQ £0°)
Eoc v I =10V £0°
1 1- - E”,,=E”;=V+20V=21V=210V £0°
=
I.:
+ 20V -
<> .

f—

/'\/ I,
l ¢+ + _ ) _
17 V 20V=V ..V=0V
I\ - 2 andI’=0A

" I”sc = IZ

Ixc = I,xc + I”SC =3 mA 400
Eoo= oo+ E”,0= 105 £0°+ 210V £0° =315V £0° = Egy

Zp=—%="—""—=105kQ £0°
L. 3mA £0°
33.  E,
(Em)
I svioe
WM—(~)

KVL: =6 L(2 kQ) — L(1 kQ) + 8 V £0° — 1,(3.3 kQ) = 0

I = 8V 20 =0.491 mA £0°
16.3kQ

E,.=Ep=1L3.3kQ)=1.62V £0°
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=0A
k/‘» _8 V[O:_ Is&hoﬂed out)
WO

1kQ a l
y lSC
51X% 2 kQ
=0A I
(since) Sc
o T —
- ISC
I, = 8—V 2.667 mA £0°
3kQ
E 1.62V £0°
LZpy=—"%= # =607.42 Q £0°

O a
607.4
1.62V/0°
X oa’

34,  From Problem 15: Zy=Z7,=192Q+;1.44Q=2.4Q £36.87°

Zl —
. — =0 Z,=3Q £0° Z,=4Q £90°
[ ]
E 100V £0°
. I:ZQ:I I =1 Le=Iy= —=—————
_ ..i ! Z, 3Q/0°
o

=33.33 A £0°

35.
=20 Q +,20 Q =28.284 Q £45°

1 l Z,=68Q £0°
(—ZN = Z1 ” Z2
= (28.284 Q) £45°) || (68 Q £0°)
1 =2131Q /32.2°
—
L ]
: EI } I, =T=Ty=0.1A £0°

L ]

e

bypassed by short-circuit
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36. From Problem 21: Zy=Zz, = 5.00 Q £—-38.66°

Iy:  Superposition: Lr=1+71, | Z;
=10Q+8Q £90°| 8 Q £-90°
E 64Q £0°
(E0 rz 1 =z 1 =10Q+ ———
’—>| 1] L=8 | l
ls_, + ® = very large impedance
E,(M) % E1 lls"’ L=2 —0a
- [ J s
- T Zr
i o and vV, =0V

with vV, =V, =E; =120V £0°
SO that I,SC = Q = M

Z: 8Q./-90°
=15 A £90°

@M

! v ”,.=1=0.5 A £60°

L

Iyv=T+1".=+j15A+05A £60°=+,15 A+ 025 A +,0.433 A
=0.25A+,15433 A=15.44 A £89.07°

3. a Zy
] Z‘] |
l l | E=20V £0° L,=0.4 A £20°
z, Z=6Q+8Q=10Q £53.13°
$ 2,=90Q-j12Q=15Q /-53.13°
1 ! Zy=7,11Z,= (10 Q £53.13%) || (15 Q £-53.13°)
= =9.66 Q £14.93°
INi
(E) ((5))
[z, |
| | [ l
+ , [ 3
ICH !
2
- ® T ®
Y, =E/Z, =20V £0°/10 Q £53.13° . =1L =04A 220°
=2 A £-53.13°
L=V + 17, =2 A £-53.13°+ 0.4 A £20°
=2.15 A £-42.87°
254
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3 O
— E =120V £30°,Z, =3 Q £0°
< 7,=8Q—j8Q, Z;=4Q £90°

Iy=1:+7,|Z,
—40 /90°+(3Q 20° | (8 Q-8 Q)
=437 Q £55.67° =2.47 Q + j3.61 Q

INi
E, 120 V £30°
IZ_I I = 1 = —
[ S ] L, Z7,+Z,|Z,
S 120 V £ 30°
+ Tl z, llsc _
e 'Y 3Q+(8Q- ;j8Q)| 4Q £90°
E, o
_ 120V £30
X =
= 6.65Q £46.22°

=18.05 A £-16.22°

Z,I)  (8Q- j8Q)(18.05 A »-16.22°)

L.=1Iy= 5 - =22.83 A £-34.65°
Z,+1Z, 8Q-/8Q+j4Q
39. a AC: Z,=212.77 Q £-90°
Ly: Z;=22Q+;47Q
[z, ] ll o—o =51.89 Q £ 64°
+ N
E =20 V£60° ()
E 20V £60°

Iy=— =94 mA Z 150°

Z, 21277Q2-90°
Zy = Zr, (problem 23) = 66.04 £57.36° = 35.62 Q + j55.61 Q

DC:
INI
5V
o o | II :
5V
l Iy=——=227.27 mA
22Q
T
AN
22 Q

Ry=Rp, = (problem 23) =22 Q
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b. AC:
INZ

=L
Iy = 94 mMA £150° CD <$47 Q

_ Zy(,)  (66.04 Q/57.36°)(94 mA ~ 150°)
CZ,+47Q 3562Q +)55.61Q+47Q
621 A £207.36°
©99.08 ~34.14°

=62.68 mA £173.22°

DC:
Iy=227.27 mA D 22Q §47 o =2 (22727 mA) _ 72.46 mA
220447 Q
1
and i = —72.46 mA + 62.68 x 10~ sin (10007 + 173.22°)
Same as Problem 6 and 23.
40. a. From#24 Zy=Z7 ;=9 Q Z0°
DC:
R1 R2
. | 6Q [ 30 ®
= 12V E 12
E= ' e BBV
S SR SR
=
AC:
Ry R,
AM——A
| ee R o _RL__(6Q20°)4A £0°)
| I Y% YR +R, 9Q £0°
? 24V £0°
=— =26T7TA Z£0°
= 9Q £0°

Iy=133 A+2.67A £0°
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DC: Ve=1IR
* = (133 A)9 Q)

(DI;V CDIN R=Z90 %uzvc 12V
AC: Z/=9Q £0°]1Q £-90°

I = = 0.994 QO /-83.66°

Ty

Ve=1Z' = (2.667 A £0°)(0.994 Q £-83.66°)
=2.65V £-83.66°
Ve=12V +2.65V £—-83.66°
41. a. Note Problem 25(a): Zy=7Z75,=447 kQ £-26.57°

Using the same source conversion: E; =50V £0°

Defining Er=E; +E =50V £0°+20V £0°=70V £0°

L%
+ + E - Z,=10kQ £0°
ETG\, ? llsc Z,=5kQ —j5kQ=7.071 kQ £-45°
- )
I,.= &:M =7 mA £0°
Z, 10kQ £0°

Iy=I,.=7mA £0°

_ Zy(,)  (4472kQ 2 -26.565°)(7 mA £ 0°)

b. =
Z,+Z, 4472kQ £-26565°+5kQ 2 90°
_ 31.30mA £-26.565° _ 31.30 mA £—26.565°
4-j2+ 5 4+J3
= 31.30mA £-26.565 =6.26 mA Z£63.44° as obtained in Problem 25.
5 £36.87°
42.

ZNZ

Z,=10kQ £0° Z,=10kQ £0

Z3:—j1 kQ

Iy=Zs+Z || Z:=5kQ —j1kQ
=51kQ Z£-11.31°
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IN:

|' Z; |' V.- ~(Z, || Z,)20 V
S ‘ (Z,Z;)+2,
- 2 Vs ~(0.995 kQ £ —84.29°)(20 V)
[ ] =
”‘f 0.1kQ— j0.99 kQ + 10 kQ
= V,=-1.961V /-78.69°
vV, -l ~78.69°
=1, = w2 - LI V2T g6 103 v 211310
Z, 1 kQ ~ -90°
43, Zy
'z ] Z,=40kQ £0°, Z, = 0.2 kQ £-90°
2 1 s L) .
. = ! Zy=5KkQ £0°
2NCR>
N Zy=15|(Z, + 1)
! ! = 5kQ £0° || (40 kQ — j0.2 kQ)
= — 4.44 KQ £—0.03°
INi
1—1. = Za100D)
7, +7,
1001 _ (40kQ £0°)(100T)
40 kQ £ —0.286°
=100 £0.29°
44, ZNZ
Z Z

Z,=5kQ £0° Z,=1kQ £-90°

—Zy=7Z,+Z,=5kQ—j1kQ
=51kQ £/-11.31°

_ UV 2002V £0°)
my T" Y Z,+Z, 5.1kQZ-1131°
' =7.843 mA £11.31°

==
(1) Y 2
12 | Ea Y 7,+2,
¢ * ~ (5kQ £0°)(2 mA £0°)
I T'é'c  51kQZ-1131°
. ¢ ~1.96 mA £1131°
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IN = I,sc +
=9.81 mA £11.31°

45 Zy:
el —
Z
! .
—_
Iy: (RI)
L L EI—(I
Al T
=
(1Y)

Iy (direction of I'y,) = I’y —
46.

ﬂ I?
=

L =1z + Isio
V =IsoZ, = (I, - 11)Z,
Eoc = ETh =

SC

I”,.= 80 mA £0° -

1”7,,=7.843 mA £11.31°+ 1.96 mA £11.31°

Z,=20kQ £0°, Z,=5kQ £0°
V=10V £0° p=20,2=100
I=1mA £0°

Zy=7,+7,=25KkQ £L0°

v~ Zy(hD
* Zl + Z2
_ (20kQ £0°)(hI)
T 20kQ/0°+5kQ /0°
=80 mA £0°
ro— _HV__ 2010V £0°)
Y Z,+Z, 25kQ
— 8 mA £0°

8 mA £0°=72 mA Z£0°

7,=2kQ £0°
7,=5kQ £0°

21 V=21(L-1)Z,

E
—21( , ”C]Zz
Zl

Z
Eac[l +21—2} =217Z,1,
Zl

2171,

_ 21(5kQ £ 0°)(2 mA ~0°)

E()c =

1

Ep=E,=3.925V £0°
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47.

260

fec) 7 V Q g

Eo._3.925V £0°

20V£-V .. V=0
and Iy=I,=1,=2 mA Z0°

Zy= =1.96 kQ
I, 2mA £0°
- RV [z |
v o}
1 +Mlz¢ L= Z,=1kQ £0°
1 V vz c Z,=3kQ L0°
- _ o Z;=4kQ £0°
o E
- ° V2:21V:EOC:>V:ﬁ
E
I:II+IQ,11:X: o
Z, 21z,
E E E 1
L=—,I=L+L=—+—"=E, ! +—:|
) 212,  Z, EIZ, z,
- » T217Z,
“ 121272,
4 B - 2ZZ1 211k £0°)(3kQ £0°)(2 mA £0°)
an oc = =
Z,+21Z, 3kQ+21(1kQ £ 0°)
Ep=E, =525V £0°
20V
- )
1, =T L&
y T L-w=2V Ly Ly
V:LZl
= =1+
L= Y ,_ (2ot Z, L.
Z,+Z, Z,
Z,+7Z
I—Il+I'—X+[—Z2+Z3]IW:{ Z; P i 3}ISC
| z, 217, z,
I 2mA £0°
I, = = =0.79 mA £0°
“TTZ,  7,+Z, 4kQ _7kO 079 m
212, 7, 21kQ  3kQ
Iy=0.79 mA £0°
E : 0°
Zy= S - BV 665 k0 £00
I, 0.79mA £0°
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48.

49.

| Z, |I °
® Z,=3Q+j4Q,7Z,=—j6 Q
—ZLp=7,|7Z,
1 =50 £53.13°]16 Q £-90°
* =832Q /-3.18°

7,=8.32Q £3.18° =8.31 Q- j0.46 Q

|_1| '+ ETh — 2
y z| E Z,+1Z,
- " _ (60.£-90°)(120V £0°)
—_

J 3.61Q £ —33.69°

= 199.45 V £—56.31°
2 2

Pr =L =B 1280 _ 1955w
4R, 4(8310Q)

Z,=3Q+j4Q=5Q £53.13°

l 7,=2Q £0°
Z Z —Iy=1p=7,1|7Z,
1 2 — 50 £53.13°(|2Q £0°
= : . _ 10Q £53.13°
= 2+3 + /4
100 £53.13°
5+ j4
_ 100 £53.13°
6.403 £38.66°
= 1.56 Q £14.47°
Zo=1.56Q £14.47°
=1.51Q+,0.39 Q
Z,=151 Q—j0.39Q
p Ep = 1(Zill Zo)
z,| ! z E =(2 A £30°)(1.562 Q £14.47°)
™ =312V £44.47°
o 2 2
= ) Po= £ G2V 6w
) 4R, 4(1510Q)
ZT},I i
[ 1 _ Th
%] 'i Z,=4Q290°,Z,=10Q £0°

Z;=5Q/-90° Zs=6Q £-90°

®
I:Zgl I:ZZI E=60V £60°
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Liy=Zy+ L3 || (Zy + Zy) = —j6 Q + (5 Q £-90°) || (10 Q +j4 Q)
=2.475Q - j4.754 Q
=11.04 Q £-77.03°

Z,=11.04 Q £77.03°

EThI E
= + STh —
L% | ° Z,(E)
i ez [2] o
- _ _ (5Q£-90°)(60 V £60°)
zZ, -j5Q+,;4Q+10Q
= =29.85V £—24.29°
Poax = E3/4R7 = (29.85 V)?/4(2.475 Q) =90 W
51.
[ ] | |
1% | L Z |
* Z, b Z,=3Q+j4Q=5Q /53.13°
Z2 = —]8 Q
¢ S Z;=12Q+9Q
—_
Zr=Zo+Zi || Zs=—8 Q+ (5 Q £53.13°) || (15 Q £36.87°)
=5.71 Q /—64.30°=2.475 Q —j5.143 Q
Z,=571Q 2£64.30° =248 Q +j5.15 Q
II z, II II z, II
+El — V23+ ETh+ VZ3 —E2:0
+ _Th +
E;=E,- V
- - v, = Z,E, - E)
3 Z,+Z,
X =168.97 V £112.53°
Ep=Ey— V, =200V £90° - 168.97 V £112.53° = 78.24 V £34.16°
P = E3/AR = (78.24 V)2/4(2.475 Q) = 618.33 W
52, 1= £LOC_ VLT A 200

CRZ0° 1kQ £0°

Z7, =40 kQ £0°
Er = (50 (40 kQ £0°) = (50)(1 mA £0°)(40 kQ £0°)=2000 V £L0°

Eh _ (2kV)* _

~25W
4R, 4(40kQ)

Pmax =
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53. Em:

+
E = 20 VL0° @ I:Zgl Em  7z,=2kQ £0°

_ 7,=3kQ £-90°

- Z;=6kQ £90°
£ _ ZE _ (3kQ290°)(20V £0°)
" z,+2, ~3kQ+2kQ
= M =16.62 V £-33.69°
3.612-56.31°
ZThI
=
L4 —Z2y=72;3+7, ||Z2
2]
[ ]
2 kQ ~0°)3 kQ ~ -90°
ZTh = +]6 kQ + ( O )(3 )

2kQ - j3kQ
=+ j6 kQ + 1.66 kQ £—33.69°
=+ 76 kQ + 1.38 kQ — j920.8 O
— 1.38 kQ +5.08 kQ

=526 kQ £ +74.80°

S 2, =536 kQ £-74.80° = 1.38kQ — j5.08 kQ

E;, _(16.62 V)
4R, 4(1.38kQ)

b. Prax = =50.04 mW

54. From#24,Zp =9 Q,Ep =12V +24V £0°

a. S ZL:9Q

En _(12V)  (24V)’
4R, 409Q) 409Q)

or Ep = \V3+V72 =26833V

E? _(26.833V)* _
4R,, 49 Q)

b' Pmax =

=4W+16 W=20W

and Py = 20 W
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55. a. Problem 25(a):
Z7,=4.47kQ £-26.57°=4kQ —j2 kQ
Z;=4kQ + ;2 kQ
Er=31.31V £-26.57°

b.  Puw= Ex/4Rp= (31.31 V)Y/4(4 kQ) = 61.27 mW

56. a. Z7;,=2kQ 20°] 2kQ £-90° =1 kQ —j1 kQ
R, = \/R%h +(Xp + X )2

= (1 kQ) +(-1kQ +2 kQ)’

= \/(1 kQ)* +(1kQ)°
= 1.41 KQ

b.  Ra=Rpy+Rioad)2=(1kQ+ 1.41 kQ)/2=1.21kQ
E} _ (50V)?

Pmax = =516.53 mW
AR, 4(121kQ)
57. a. Ly
Z |i| ® Xo— 1 _ 1
. - 27fC  2r(10 kHz)(4 nF)
Z, h _
=3978.87 Q
° X =2nfL =2m(10 kHz)(30 mH)
= = 1884.96 Q

Z,=1kQ £0° Z, = 1884.96 Q £90°
Zy=3978.87 Q £-90°
Zoy=(Z1+ 7o) || Zs = (1 kQ + j1884.96 Q) || 3978.87 Q £—90°)
=2133.79 Q £62.05° || 3978.87 Q £—90°)
=3658.65 Q £36.52°

Z;=3658.65 Q £-36.52° =2940.27 Q —j2177.27 Q

c= 1 - ! =7.31 nF
2nfX.  27(10 kHz)(2177.27 Q)

b. R, = Rp;,=2940.27 Q

3978.87 Q 2 -90°)(2 V £ 0°
. E,-—L® _ (3978 X ) _343v,2553)
Z,+Z,+Z, 1kQ+ /1884.96Q— j3978.87 Q

Puax = E2/4R;, = (343 V)2/4(294027Q) =1 mW

o ° a 4
58, 1,- GKQLOWEMAZDY) 030 g
4kQ +8kQ +
Vas = (Lp)(8 KQ £0°) = 10.67 V £0° v, L,
b b
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59. a.

12 kQ 4kQ(E) 1
=2 — 20V £0°
. W— b JkQ+12kQ 40 )
E V=12 kQZ 6 kQ =5V £0°
- 1= 229 83 mA 2o
I 6kQ
4kQ
b.
- E V= ﬂ = 1(2()\/400)
12 kO kO 6kQ+6kQ 2
IT \"; 6 kQ =10V £0°
+ o
— 1= 10VL0 g3 ma zoe
6 KO 12kQ
60.
| o
Vo 11—%—501111&40"
O 2O 7] [
1 |:1 O [z : | S0V £0°
2T 4KkQ £90°
= =12.5mA £-90°
Z,=2kQ £0°
Z,=4kQ £90°

Zs = 4kQ £-90°
=1 - L=(50 mA £0°— 12.5 mA £-90°) = 50 mA +12.5 mA
=51.54 mA £14.04°
7' =70\ Z2= (2 kQ £0°) || (4 kQ £90°) = 1.79 kQ £26.57°

2N, (1.79kQ £26.57°)(51.54 mA £ 14.04°)
7 +7, 1.6 kQ + j0.8 kQ — j4 kQ
=25.77 mA £104.04°

Ic
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