Chapter 18

1.

2. Z=—55Q+2Q20°)|5Q £90°=—5Q+1.72 Q+,0.69 Q =4.64 Q £—68.24°
I= E = 60V 230 =12.93 A £98.24°
7 4.64Q /—-68.24°
3. Z=10Q £0°] 6 Q £90° =5.15 Q £59.04°
E=1Z=(2 A £120°)(5.15 Q £59.04°)
=10.30 V £179.04°
4. a _ BV _ 10V 10
R 4x10
Z=4KkQ £0°
b.  V=GD)R) = (50 D)(50 kQ)=2.5x 10°I
Z=50kQ £0°
5. Clockwise mesh currents:
E—11Z1—11Z2+12Z2:0 Z1:R1 400249400
—IzZz + 11Z2 - IQZ3 - Ez =0 Z2 :XL 4900 =6 Q 4900
Z3 :XC Z£-90° =8 Q £-90°
[Z1 +Z2]Il —Z212:E1 E1 = lOVZOO, E2:40V4600
7,1 + [Zz + Z3]12 =-E,
‘ Ei -Z,
-E Z,+7Z Z,+7.|E, —Z,E
1, =I, = 2 (ZAZ]] (2428 - ZE ol s
‘ [Zl + Z2] —7Z> 7.7,+7,7,+171,Z,
~Z, [Zz + Zs]
6. By interchanging the right two branches, the general configuration of Problem 5 will result and
Il(Zl +Z2)_12Z2:E1 —E2 Z1 :Rl :SOQZOO
IQ(ZQ + Z3) - IIZZ = Ez Z2 = Xc 4—900 = 40 Q 4—900
Z;=Xc £-90° =60 Q £-90°
and Il(Zl +Z2)—12Z2:E1 -E; E, =5V £30°
—11Z2 + Iz(Zz + Z3) = E2 E2 =20V £0°
I5()Q = I] =145.45 mA £187.59°
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7,=12Q+;12Q=16971 Q £45°
7,=3Q /0°

Z3:—j1 Q

E, =20V £50°

E,=60V £70°

E;=40V £0°

L[Z,+Z,]-Z,], =E, - E;
L[Z, + 73] - Z,1, = E; — E3

Z\+L), -7L,1L=E,-E,
-1, + (L + 715, =E, - E;

Using determinants:
=1 = (El _Ez)(Zz + Z3) +Z2(E2 _Es)

I, =1, =2.55 A £132.72°
] ZIZZ + Z1Z3 + Z2Z3
8. Clockwise mesh currents:
E1 — 11Z1 - 11Z2 + IzZz =0 )(L1 = (1)L1 = (27’[)(2 kHZ)(l 10 IJH)

—IzZz + 11Z2 - IQZ3 - 12Z4 + I3Z4 =0

- 1380
L2+ L2~ ILZs B =0 X, = oL, = (2m)(2 kHz)(220 pH)
[Z, + Z,]1, -7, I, 0 =K ) 2'16 ° 1
-7 I, +[Z, + 75+ 741 - Z4s1;=0 Xe =—=
2 POV A T Al ‘e © T wC,  27(2 kHz)(394F)
0 — Zs 12 Y [Zs+ Zs]1; = —E» =3620
1 1
XC = =
* T wC,  27(2 kHz)(394F)
~2.040
Z,=4Q+1380Q
Z2 = —]362 Q
Z;=2.76 Q
Zi=—2.04 Q
Zs=8Q £0°
E =6V £0°

E,=120V Z£120°

I -L = [2,Z,]E, +[Z - [Z,+ Z,][Z, + Z, + Z,]|E,
R, T 837
[Zl + Zz][Zz + Z3 + Z4][Z4 + Zs] - [Z1 + Zz]Zi - [Z4 + Zs]Zi
1000 V £ -64.5°

= =8.04 A £3.84°
124.4 Q » -68.34°

CHAPTER 18 215



10.

216

'z, 1
L
@ Z,=15Q 20° Z,=15Q £0°
Zi=—j10 Q=10 Q £/-90°
Z,=3Q+j4Q=5Q /53.13°

[z, ] [z, |
c ) C)E E, =220V £0°
16’ @ * Q O/ E,= 100V £90°
—_

1(Z, +Z5) - 1,Z; - 1;Z, = E,
17, + Z5) - 1\ Z3 — 1;Z, = -E,
L(Z,+Z,+Zy)-1Z,-1,Z,=0

1(Z, + Z5) - ILZ; -IZ, =E,
-1.Z; + 17y + Z3) - 172, =-E,
1,7, - 1,7, + I3(Z1 +7Z,+ Z4) =0

Applying determinants:

I _ _(Zl+Z})(ZZ)EZ_Z1Z3E2+E|[Z2Z3+Z1(Z2+Z3)]
3 - 2

(Zl + Z}) [(ZZ + Z:)(ZI + Zz + Z4) - ZE]+ ZS[Z3(Z| + Zz + Z4) - Z]Zz] - Z] [_Z2Z3 - Z](Zz + Z;)]
=48.33 A £-77.57°

E -

or I1= 2 if one carefully examines the network!

/7

7,=5Q/20°7Z,=5Q £90°

7;=4Q £0° Zy=6 Q £-90°
=4Q £0° Zs=6Q+j8Q

E =20V Z0° E, =40V £60°

Il(Zl +7Z,+ Z4) -L7Z,-1Z,=E;
12, + 73+ 7Zs) - 1,Z, - IZs = -E,
I(Zs+Zs +Ze) — 112y — 1,Zs =0

(Z1 +7Z,+ Z4) I -1 — 740 =E,
—Zle + (Z2 + Z3 + Z5)Iz - Z513 = —E2
—741, —Zsh + (Zs+Zs + Zs)I;=0

UsingZ' =Z,+Zy+ 24,2 =7, + 23+ Zs, Z” = Z, + Zs + Zsand determinants:
1(Z//Z/// Z2) EZ(Z Z///+Z Z )
7 (2"7" - Z2) 7,(2,2"+7,2,)-71,(2,Z,+7Z1,1")
=3.04 A £169.12°

I; =1,=
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11.

y

L=
1 +
I
|:ZZ| 9 |:Z£| 9 G\’_EZ Z,=10Q+,200 Z,=—20Q
Z,=80Q £0° Z,=6Q £0°
'Z | |' Z, |' Zs=15Q /90° Zs=10Q £0°
. Z,=5Q /0° Zs=5Q-7200Q
A O O =25V £0° E,=75V £20°
IZI
L8|

—

Il(Z4 +Ze+ Z7) - 1LZs—-14Zs=E;
Iz(Zl + Z2 + Z4) - 11Z4 - I3Z2 =0
I3(Z2 +7Z;+ ZS) -1L,7Z,-1,Zs=-E,
I4(Z5 + Z6 + Zg) - 11Z6 - I3Z5 =0

(Z4+Z(,+Z7) 11 —Z412 +0 —Z6I4:E1
—Z411 + (Z1 + Zz + Z4)Iz - Z213 +0 =0

0 -7, L+ (Zz + 75+ Z5)I3 —7Zs1l,=-E,
—Zl, +0 —Zsls+ (Zs + Zs+ Z7)1,=0

Applying determinants:
Iz, =Isoo =0.68 A £-162.9°

12. =5kQ £0°
Z,=10kQ ~£0°
Z;=1KkQ+;j4kQ=4.123 kQ £75.96°
28V ( Z
==
L(Z, +Zy) - Z,], =28 V
L(Z,+Z3)—7Z,1,=0
(Zl + Zz)Il - Z212 = —28 V
=)l + (L + Z3)1, =0
-7,2
IL=L= 228V =-3.17%x 107 V £137.29°
ZIZZ + Z1Z3 + Z2Z3
I z, I z, I Source Conversion:
_ E = (I Z0)(R, £0°)
E /D z.|m)z, = (50 I)(glO kQ £0°)
A 2 =2x10°1£0°
Z,=R,=R,=40kQ £0°
2 Z,=-j0.2 kQ
= =8 kQ £0°
Zs=4kQ £90°
Il(Zl + Z2 + Z3) - Z3Iz =-E
IQ(Z3 + Z4) - Z3Il =0
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(Z1 +7Z,+ Z3)11 - 751, =-E
—Z311 + (Z3 + Z4)12 =0

~Z.E
IL=1= - =42.911.£149.31°
(Z,+Z,+Z,)Z,+Z,)-21}

14. 6V,—-L,1kQ-10V £0°=0
10VZ£0°-1,4kQ-1,2kQ=0

V,.=1L2kQ

-1, 1kQ+1,12kQ =10V £0°
-L6kQ=-10V £L0°

10V £0°
L=1,,=———=1.6TmA Z0° =1
2 2kQ 6kQ 2kQ
-I; 1 kQ + (1.667 mA £0°)(12 kQ)=10V £L0°
-1, 1kQ+20V £0°=10V £0°
-I; 1 kQ=-10V £0°

10V £0°
L=I,,= ——— =10 mA £0°
T
15. _ B, E =5V £0°
(~O) E, =20V £0°
. [ Z,=22KkQ £0°
Z,=5kQ £90°
E 1 Z 2
16’ Q 9 |:3:| Z;=10kQ £0°
I=4mA £0°
_L

E -1,Z, - ZZ(II -I)=0
—Z2(12 - Il) + Ez - I3Z3 =0

I3 - 12 =1
Substituting, we obtain:

1(Z,+Z,) - 1,Z, = E,
LZ,-1Z,+Z3)=1Z;-E,

Determinants:

I, =139 mA £-126.48°, 1, =1.341 mA £-10.56°,15=2.693 mA £-174.8°
Il()kQ = I3 =2.69 mA Z£-174.8°
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16. _E, Z,=1kQ £0°
(~0) Z,=4kQ+j6 kQ
s N E=10V £0°
+
D ([ Do D [
! =
—Zl(Iz - Il) +E— I3Z3 =0
I,=6mA £0°, 0.1 V,=1; -1, V=1, - 1,)Z,
Substituting:
(1 kI, + (4 kQ+6 kQ)I;=16 V £0°
99 D1, + I;=0.6 V £0°
Determinants:
I3 = 16 kQ = 1.38 mA £-56.31°
17.

Z,=8kQ £-90°

1% |
Z,=4KQ £0°
O OF Z,=1kQ £90°
=

I, =3 mA £0°
L =5mA £30°
1 1 1
V)t |-V, =1,
Z 7,| Z,
1 1 1
Vz{_*'_}__ =1
Z, Z, 2
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18.

220

V, = ~11.99 V £ -154.53°

Zl Z2
b -1,
Z2
V, = =14.46 V £ -131.28°
| " |
_,,' Z, ,|
. : V2 Z,=3Q+j4Q=5Q /53.13°
I 1 1= J = .
e @ o Z,=2Q £0°
I:ZII D I, EI Z:=6Q £0° |8 Q £-90°
—4.8Q /-36.87°
I,=0.6 A £20°
L=4A /80°

0211+I3+I4+Iz
Vi, ViV,
VA 7,

1 1 1
Vi +— |-V, =—L-I
1 2o 2

or V][Y] + Y2] - Vz[Yz] = —Il - 12

0=I+ +1,

12+I4215
L+ Vi-V,_V,
V4 Z;

V, EJFL}VI E}:Hz
2 Z3 2

or  Vy[Y,+Y3]-ViY:]=DL

and [Y1 + Yz]Vl - Y2V2 = —Il - 12
YoV + Yo+ Y3]Vo =1,
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Applying determinants:

_ A2 YL T L] Yol

vV, =512V £-79.36°
Y Y:2tY1Y;tY2Ys
V, = Yil, ~ 1Y, =271V £39.96°
Y Y:tY1Y3tY2Ys
19. Vi rz. 1 Vv, Z,=5Q /0°
L= Z,=2Q £0°
E =30V £50°
I:za EI M 1=44a290°
* ° XL =2nfL = 2n(10 kHz)(0.1 mH) = 6.28Q
£ 1 1
. Xeo= -
= 2nfC  2r(10 kHz)(4.7 uF)
=3390

7,=6.28 Q £90°
7;=339Q £-90°

VilY1 + Y2+ Y] - VLY = E Y, .
VY] + VY3 + Y] =+ after source conversion.

Using determinants:

Vi=17.92V £59.25° and V, =13.95V £93.64°

20. [z, |

L5 |
TISV I v lls
! _’I' Z, |' = Z,=10Q £0°
Al (R" L Z,=10Q £0°
1|z Z;=4Q /90°
. I:Zgl I:ZZI QD' Z,=2Q /0°
E Z5:8Q4—900
- E =50V £120°
= I1=0.8A £70°
L=L+Is
EVi_Vi, (VimV) | ViVa o E+L+L+L}V E+L}:£
1 2
Z, 7 Zs VA 1 Lo 71s Zs s Zs | Zy

or V1[Y1 + Y2 + Y3 + Y5] - Vz[Y3 + Y5] = E1Y1

I3+15:I4+I

V1‘V2+V1_V2:&+I =V, E_,_L_,_L}_Vl B+L:|:_
Z: Zs Z, 3 ZLa Zs 3 Zs

or Vo[Y3+Ys+Ys]— Vi[Y;+Ys]=-1

resulting in
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V][Yl + Y2 + Y3 + Y5] - Vz[Y3 + Y5] = E1Y1
“Vi[Y3+Ys]+Vo[Ys+Ys+ Ys]=—1

Applying determinants:
Vi=19.78 V £132.48° and V, =13.37 V £98.78°

21. [z, ]
— Z,=15Q £0°
V1 V2 V3 Z2 =10 Q 4—900
C1 |' zZ, |' L1 |' Z, |' 1 Z;=15Q £0°
2,=3Q+j4Q
+ +
7O Ok
1 1 1 1 1
Vy —t—+— |-—V,——V;=0
Lo 1z Zi VA
1 1
vy || [220 V 2 0°] - ——[100 V 290°] = 0
15Q —j10Q 15Q| 15Q 15Q
V, [133.34x 107 +;100 x 107°] = 14.67 + j6.67
,= 16.05 Vf24'55 =96.30 V £-12.32°
166.67x107 £36.37°
Vi=E =220V £0°, V;=E, =100 V £90°
22. v, Z,=10Q+,20Q
Z —

'|Ze'| Z,=6Q £0°

+ Z:=5Q £0°
@ E, Z,=20Q £—90°

- E, =25V £0° Zs=10Q £0°

v, v, E,=75V £20° Zo=80Q £0°
Z,=15Q /90°

Zs=5Q-,200Q

V1‘V2+V1_V4+V1_E1
VA 2 VA
Vz_V1+V2_V4+V2_E2_V3
7 M Zs
V3+E2—V2+V3—V4+&

Zs VA Zs
V4_V|+V4_V2+V4_V3+&
A /7 VA Zs

V]I =0

VzI =0

=0

V3I

V4I =0
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Rearranging:

1 1 1
Vil —+——+— Y2 Ve _E
Z1 Zz Z3 Z] Z2 Z3
v, L+L+LJ_&_&_& _E
Z, 1, Z 7, 74 Z¢ Zs
v, L+L+Lj_&_&__&
Zy 1, Z Zs 177 Zs
1 1 1 1
v, _+_+_+_]_&_&_&_o
Z, 1, 71, Z 7, 7. 7Z-

Setting up and then using determinants:

Vi=14.62 V £-5.86°,V,=35.03V £-37.69°
V3=32.4V £-73.34°,V,=5.67V £23.53°

23. v, = 1
[v, ] Y40
v, L N N =0.25S £0
L "2 | Y, 3 B 1
I Y= 0r
2 1 Q9%
L (P I}ZI I}EI I}gl = 1S £-90°
Yi= 3 01400
= =0.2S £0°
1
Y4900
=0.25S £90°
voe 1
& Q £90°
=0.125S £-90°
I,=2A Z30°
IL,=3A Z£150°
VilY1 + Y2] =Y,V =1
Vz[Yz + Y3 + Y4] - Y2V1 - Y4V3 = —12
Vi[Ys+ Ys] = Y4V =1,
[Y1+ Y]V, -Y, V; +0 =1,
=-Y,Vi+ Y2+ Y3+ Y4V, -Y;V; =-1,
0 -Y;V,+ [Y4 + Y5]V3 =1,
V= I [Yz Y3 TY)(YstYs)— Yzzt ]_ LIY2Ys]
=
[Yi+Y2] [Y2 Y3+ YDVt Ys) = Yi - Y3(Ys+ Ys)=Ya
=5.74V £122.76°
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24.

25.

224

LY2YstYs)—LYs(Y1TY2)

V,= =4.04 V £145.03°
Ya
+ +Y)-Y5 [F Y2Vl
Vv, = I [Yl Y2)(Y3+Ya) 2] Yl _ s 04 v £78.07°
Ya
1
Y= —
v Y25
=0.25S £0°
Y2 = 1
V, 6Q ~0°
I:YZI =0.167 S £0°
1
I Y. =
CD 2 > 8Q 00
=0.125S £0°
- 1
Y2900
VilY1 + Y2+ Y3] - YoV - Y3V =1, =0.5S £90°
Vo Yo+ Ys+Ys5] - YV —Y4V3=0 1
Vi[Y;+ Y+ Y] - Y3V - Y4V =1 Ys= 50290°
=0.2 S £-90°
(Y + Y, + Y3V, — YV, — Y3V =1 0 i %0
—Y2V1 + [Y2 + Y4 + Y5]V2 - Y4V3 =0 Y6 = @@
-Y5V, — Y4V + [Y3+ Ya+ Ye]Vs =L 40 £90°
=0.25S £-90°
I,=4 A £0°
ILL=6 A £90°
V.- L+ Y YO+ v ) - Y- LIvey, v vty .ty ]
: Y, " (Y1 + Y. + Yz) [(Yz + Y, + Ys)(Y; + Y, + Ye) - Yi]_ Y. [YZ(Y3+Y4+Y6)+Y3Y4] -Y; [Y2Y4+Y3(YZ+Y4+Y5)]
=15.13V £1.29°
v,- I (Y)Y + Yt YOV Vs L [YaV F Yot YO - YoYs] oo e
Ya
V.= Il[(Y3)(Y2 Y +HYs)+ Y2Y4] +1, E(% (Y1t Y2t Y)Y T Yyt Ys)]
’ Ya
=10.59V £-0.11°
Left node: V;
ZI[ = Z"Io
Vi—V,
41, =1, + 5 mA £0°+ ——=
2kQ

Right node: V,
ZI[ZZIO
Vy [ VoV,
8mA £0°= ——+———+41
" kQ  2kQ ¢
Vi

Insert = — YU
nse 4KkQ Z-90°
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Rearrange, reduce and 2 equations with 2 unknowns result:
Vi[1.803 £123.69°] +V, =10
V,[2.236 £116.57°1+3 V,=16

Determinants: V=437V £-128.66°
Vz = Vle =225V 417.630

26. removing E
-Z
Vi - Vo
I—W—l
)

N

®© B T E O

[ » |
-
Z“I[ :210
0=1,+ Y4+ Y2y
7\ 7;
and &+& =-I,-1
7. 7s

with V, -V, =E

Substituting and rearranging:

1 1 E
Vi %+—:|——11—12— —
23 VA

and solving for V;:

V=154V £ 178.2°
with V,=Vc=541V £ 174.87°

27.  Leftnode: V,

2L =21,

2mA £0°=12mA £0°+ YL + V1= V2
2kQ  1kQ

and 1.5V, -V,=-10
Right node: V,
S =31,
0=2mA £0°+ V2-Vi V, -6V,
1kQ 3.3kQ
and 2.7V, -3.7V,=-6.6

Using determinants:
V,=—6V Z£0°=6V £180°

CHAPTER 18

Z,=1kQ £0°
7,=2kQ £90°
75=3kQ £-90°
I, =12 mA Z0°
L =4 mA £0°
E=10V £0°

Vi=Vua=-10.67V £0° =10.67 V £180°



28. I Z,=2kQ ~£0°
— 27| Z,=1kQL0°
Z;=1kQ £0°
Vi |~ Vs I=5mA £0°
| ] ’\/ L I
+ X
'@® v [2] o [27]
[ » |
—_
N2 AN L
1 Zs
with 1T, = Y- V2
7>
and V2 - V1 = 2Vv = 2V1 or Vz = 3V1
Substituting will result in:
1 2o 3 1o
)
v Lo 73
and V,=V,==2V £0°
with V,=—6V £0°
29. Vi ~1 v, E.Z0
Y, I, = — =1x 107 E;
L= 'R 20°
+
1
501 <> IZI ( 501 I}EI v Y, = —— =0.02mS £0°
1 l 1 T 2 _ 1 SOkQ
. Y, = R 1 mS £0°
- 1kQ

Y;=0.02 mS £0°
L=(Vi-Vy)Y,

Vi(Yi +Y2) - YV, =501,
Va(Ys + Ya) = YoV = 50I, = 50V, — V9)Y5 = 50Y,V, — 50YV,

(Y1 + YV, = Y,V,=-50I,
S51Y,V, + (51Ys + Ya)Va =0

_ ~(50)(51)Y,],
(Y, +Y,)(51Y, +Y;) = 51Y;

V.=V, =-2451.92 E;
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30. a. yes 7. Z»

73 ./
5x10° £0° 8x10° ~£0°

2.5 X10°£90°  4x10°£90°
2 £-90° =2 £-90° (balanced)

b. 7,=5kQ £0° Z,=8kQ £0°
75;=25kQ £90° Zs=4kQ £90°
Z;=5kQ £-90° Zs=1kQ £0°

Il[Zl +7Z;+ Z6] -7Z.L-7;1;=E
1 L[Z,+Z, +Zs] - 7,1, - ZsI;=0
I:ZEI 9 L[Z; + 74+ Zs]) - 231, — Zs1, =0
I Y
J ]
R RO

[Z1 + Z3 + Z6]Il - Z]IZ - Z3I3 =E

-7\1, + [Z, + 1, + Z5]1, -Zs1;=0

-Z;1, —Zsl, + [Z3+ 24+ Zs]1;=0

_ Elz(z,vz.v2) + 2.2.]
I, =

Zy = (2,724 2L+ 2o+ ZNZ Y 2,4 2)~ 2]~ ZIZ2(Z, 2.+ 2.) ~ 2,2.)~ Z| 2.2+ Z(Z, + 7.+ Z.)]
E[Z,Z,+Z,(Z,+Z,+Zy)]
VA
E[2Z,2Z,-7,7,] E[20><106 290°-20x10° ~ 90°]
ZA B ZA -

I3:

IZ5 212—13:

0A
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c. E, 10V £0°
V. 1= =~ =

1 R, 1kQ £0°
=10 mA Z0°
VERD v 1
5kQ ~0°
I EI v, [Y; ] v, =0.2mS £0°
—_—

1

Y= ——
Q 0 8kQ £0°

=0.125 mS £0°
Y= -
2.5kQ £90°
VI[Y) + Y5+ Y] - YiVam YoV =1 = 0.4 mS £-90°
VoY1 + Y3+ Ys] =Y,V — YsV5 =0 y,-
V3[Y2 +Y,+ Y5] -Y,Vi-YsV,=0 4k Q £90°
=0.25mS £-90°
[Y,+ Y+ Y]V, -Y\V, -Y,V;=1 Y. 1
YV, +[Y + Y5+ Ys5]V, -YsV;=0 > 5kQ £—90°
-Y2V, ~YsVa F Yo+ Ya+ Y]V =0 =0.2mS £90°
Y = I
1kQ £0°
V,=1mS £0°

V.= 1y, (Y.t Y. *Y)Y,Y;]
,=
Yo=Y T Yo+ YOIOY, T Y5t Y (Yot Yt Ys) = Vil = YILY (Yo YY) + Yo Y5l = Yol Y Y5 HY (Y Y5 HYs)]

\Y4 I[YIYS + Y2 (Yl +Y3 +Y5 )]
=

YA
I[Y,Y, - Y,Y,] T P.05x107 £-90°-0.05x107 £-90°
Vz, =V2-V3= =
Ya Ya
=0V
31, a Z _ 7,
7 74
4 % 10° £0° 4x10° £0°

-~

4 x 10° £90° = 4x10° £-90°
1 £-90°# 1 £90° (not balanced)

b. The solution to 26(b) resulted in
_EZ,Z;+Z;(Z, +Z,+Zy))

where Zn=(Zy+ 25+ Zo)[(Zo + Lo+ ZLs)(Zs + Ly + 1s) — 7]
—L\[Z\(Zs + Ly + Ls) — Is1s| — Ls[ 1115 + Lx(Z, + 1, + Zs)]
and Z,=5kQ £0° 7Z,=8kQ £0°, Z;=2.5 kQ £90°
Z,=4kQ £90° Zs=5kQ £-90°, Zs=1 kQ £0°
and I, =176 mA £-71.54°
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c. The solution to 26(c) resulted in
_ Y)Y, + Y, (Y, +Y;+Y)]

V3 = VX
c YA

where Yo=Y+ Yo+ Yo[(Yi+ Y5+ Ys)(Ya+ Ya+ Ys)— Y]
=Y [Yi(Y2+ Y4+ Ys5)+Y2Y5]
=Y [Y Y5+ Yy (Y, + Y3+ Y5)]
with Y;=0.2mS £0° Y,=0.125 mS Z£0° Y;=0.4 mS £-90°
Y;=0.25mS £-90° Ys=0.2 mS £90°

Source conversion: Ys=1mS £0° I=10 mA £0°
and V3= VXC =7.03V £-18.46°

32 Z1Z4 = Z3Z2

. 1 1
(R —jXo) (R + X, )= RsRs Xe=

oC (10 rad/s)(14F)
(1kQ—;j1kQ) (R, +jX, )=(0.1kQ)(0.1 kQ)=10kQ
10x10° Q 10x10°

and R +jX = = =5Q+;5Q
= 1x10° — jIx10° 1.414x10° £—-45° /
X
R=5Q,L,=—== 350 =5mH
o 10° rad/s
1 1 1
33, X, =— ~kQ

T oC, (1000 rad/s)(3 uF) 3
Zy=Ri || Xp £-90° =2 kQ £0°) | % KQ £-90° = 328.8 Q /—80.54°

Zy=Ry £0°=0.5kQ £0°, Zs= Ry £0°=4kQ £0°
Z,=R,+jX, =1kQ+6kQ

Z _ L
7 74

328.8Q £ —-80.54° 0 0.5kQ £0°
4kQ £0° = 6.083Q £80.54°

82.2 x 10°£-80.54° v 82.2x 10” £-80.54° (balanced)

34.  Apply Eq. 18.6.
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35.  For balance:
RRe+j X )=Ro(Rs+j X, )
RiR:+jR1 X, =RoR3+jRy X
R2R3
R
Ri X, =R X, and Ri0L,=R®L;
RLy

RIRX = R2R3 and Rx =

sothat L =

36. a. * 2,=8Q /-90°=—j8 Q
Z

Z,=4Q £90°=+j4 Q

27 28 Z3 =8 Q 4900 = +]8 Q
> .< >. Z,=6Q £-90°=—j6 Q
5 Zs=5Q£0°
E /24 Z 4 ’

_ 7.7,
Lt ot Zs
27— L

VAR A
_ 7,75
Yzt 2ot Zs
7 =7,+7,=39Q+3.120Q =499 Q /38.66°
7/ =Zy+Z4=-195Q /356 Q=4.06Q /—118.71°
712 =10.13 Q /-67.33°=3.90 Q — j9.35 Q
Zr=Ze+7 |7/ =780Q—j623 Q=998 Q /~38.61°
E 120V £0°

I=—= =12.02 A £38.61°
Zr 9.98Q~/-38.61°

Vs

=5Q £38.66°

=6.25Q £-51.34°

=3.125 Q £128.66°

ZA 12 Q- j9Q

3 3
20

=40-/30Q
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Z;:=2Q+4Q+3Q+[4Q-3€+34]| [4Q—-3€13€]

=6Q-3Q+20Q
=80 -3 Q=28.544 Q £-20.56°
-2 - 60V =7.02 A £20.56°
Z, 85440 /-20.56°
38. Zy=3Zy=3(3Q £90°) =9 Q £90°
Z=9Q 290°](12Q—-/16 Q)
—
z, I:Z:I =90 £90°]]20 Q £53.13°
=12.96 Q £67.13°

7z} 2. 2
2 =Z7=2112.96 Q £67.13°] = 8.64 Q £67.13°

Z+2Z2 3 3
_E__10VZ0" 57 A 2_67.13°
Z, 8.64Q267.13°

;=7\ 2Z=

I

39, Zp=3Zy=3(5Q)=15Q

[z, ] Z,=15Q £0°]|5Q £-90°
—4.74Q /-71.57°
— Z:=15Q £0°||5Q £-90° = 4.74 Q /~71.57°
Zr I:ZZI I:Zgl Zi=7,=474Q £-71.57°
=15Q-/450

Zr=since Z,=7,=17,
27;  27:
Z,+22, 37,

ZT: Z1 || (Z1 + Zl) = Z1 || 2Z1 =

Zr=—(4.74Q £-71.57°)=3.16 Q £L-71.57°

W N

é o
I= Z£ = 100V 20 =31.65 A £71.57°

r 3.16Q2-71.57°
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