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(8Q £-90°)(12Q £0°)

Zr=j4Q+ . =3.69 Q — j1.54Q = 4Q /—22.65°
—i8Q+12Q
- B o 14VLP g4 L2265
Z, 4Q/-2265°

I, =3.5A £22.65°

_ (8Q2-90°)(3.5A £22.65°)
12Q-/8Q

I =1.94 A £-33.66°

V=L X, = (3.5A £22.65°)(4 Q £90°) =14V £112.65°

Zr=3Q+/6Q+2Q £0°]8Q £-90°
=3Q+6Q+1.94Q £-14.04°
=3Q+j6Q+ 1880047 Q
=4.88Q+)5.53 Q=138 Q £48.57°

- B OVLY g A soags7e

Z, 7.38Q £48.57°

Zpds  (2Q20°)4.07A 2-4857°)

C

Ly, +Z, 2Q-/8Q
_ 814A 248577 087 A £27.30°
8.25 / —75.96°

CZE (6Q 2 90°)30V20°) 180V £90°
Z, 738 Q 2 48.57° 7.38 Q£ 48.57°
— 2439V £41.43°

V.

Zr=12Q 290°| (9.1 Q—-;12Q)=12 Q £90° | 15.06 Q £-52.826°
180.72 Q£37.17°

9.10£0°
19.86 Q £37.17°

I, = E_ 00V 20 =3.02A £-37.17°
Zr 19.86Q £37.17°

12 Q~290°)(3.02 A ~-37.17° 36.24 A £ 52.83°
(CDRy1,= {Z2L0NC02 A2 ILIT)
12Q+9.1Q- j12Q 9.1.,0°
=3.98 A £52.83°
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12Q./-90°)60V0°) 720V £ -90°
& (VDR)Ve=" X ) _
910120 15.06 2- 52.826°
4781V £-3717°

e. P=FEIlcos 8=(60 V)(3.02 A)cos(37.17°)
=181.20(0.797) = 144.42 W

6.8kQ .
(4 kQ~ - 90° )(6 kQ.,90°) ( » ](8 ka50°)
4. a Zp=2kQ L0°+ o e T e
AR SN
%—/
z,

24kQ 2 0° N 27.2kQ £90°
2 £90° 3.4kQ+ j8 kQ

-

8.69 kQ £ 66.97°
—2kQ+/12kQ+ 3.13kQ £ 23.03°
2.88kQ + j1.22kQ
=2kQ+7.88kQ —j12kQ +1.22 kQ
Z;=4.88 kQ — j10.78 kQ = 11.83 kQ £—65.64°

=2kQ+

_Z,/E _ (3.13kQ £23.03°)(240 V £60°)

b V, =63V £148.67°
Z, 11.83 kQ ~ —65.64°
63V ~148.67°
I, = v _ =7.88 mA £58.67°

X, 8 kQ ~ 90°
C. F,= S =% = 0.413 (leading)

Z, 1183kQ

5. a 400 Q £-90° || 400 Q £-90° = 4000+90 =200 Q £-90°

Z' =100 Q—,200 Q=223.61 Q £-63.43°
Z” = —j200 Q +j600 Q = +j400 Q = 400 Q £90°
(223.61 Q ~-63.43°)(400 Q ~90°)  89,444.00 Q ~26.57°

Z;=7"| 72" =
(100 Q- j200 Q) + j400 Q 223.61.263.43°
=400 Q £-36.86°
1= E___100VvV0 =0.25 A £36.86°
Zr 400 Q £-36.86°

~ (200 Q ~-90°)(100 © ~0°) 20,000 V 2 -90°

= =89.44V £-26.57°
100 © - ;200 Q 223.61.£-63.43°

b. Ve

C. P=FEIlcos 8= (100 V)(0.25 A) cos 36.86°
=(25)(0.8) =20 W
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] L Ll (62-90°)2A230°) _ 12A2-60°
. a. = = =
YUZ+Z, (BQ+jAQ)+(-j6Q) 3.61,-33.69°

b, Zr=17,|Z=(5Q £53.13°) || (6 Q £Z-90°) = 8.31 Q £-3.2°
Er=1Zr=(2 A £30°)(8.31 Q £-3.2°) = 16.62 V £26.8°
_ (Xe £-90°)(Ep)  (13Q2-90°)(16.62 V £26.8°)
Xe £-90°+ X £90° —i13Q+,7Q

Ve

C. Vap= Vi = Ve=(1)3 Q £0°) 36 V £26.8°

=3.32 A £-26.31°

=36V £26.8°

=(B332A£-2631°)3Q £L0°) =36V £26.8°=996V £-26.31°-36 V £26.8°

=31.05V £-138.34°

7. a. Z,=10Q £0°

1600 Q ~90°

Z5=60Q £-90°

Z, =80 Q £90° || 20 Q £0°
o . 1600 Q £90°
+ 1 Z1 = =
E EI 20+ j80  82.462 £75.964°
A 19.403 Q £14.036°
=

Zr=(Z,+71) || Zs
=(10 Q + 18.824 Q + j4.706 Q) || 60 Q £-90°
1752.36 Q £—80.727°

=29.206 Q £9.273° || 6 Q £-90° = - 5
28.824 + j4.706 — j60

_ 1752.36Q £-80.727°
62.356 £ —62.468°

=28.103 Q £—-18.259°

L 10V 20 = 1.42 A £18.26°
Z, 28.103Q £-18259°
X . Z,E _(19403Q £14.036°)(40 V £0°) _776.12V £14.036°
' Yz, +1, 29.206Q £9.273° 29.206 £9.273°
=26.57 V £4.76°

c. P=FEIlcos 8= (40 V)(1.423 A)cos 18.259°
=54.07 W
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8. "R, =1kQ

a. i X, =2n /Ly =2n(5 kHz)(68 mH) = 2.14 kQ
. Ry 1 X,, =2m fL, = 2n(5 kHz)(100 mH) = 3.14 kQ
Vo X, A X,
X § y X. = L _ ! =10.61 kQ
B E * 2nfC  2m(5 kHz)(3 nF)
- Xc Vc

Zr=Ro+ X, | (R + X, +Xo)
= 1kQ + (3.14 kQ £90°) || (6.8kQ + j2.14kQ - j10.61 kQ)
6.8 kQ — 8.47 kQ
10.86 kQ ~ -51.24°

= 1kQ + (3.14 kQ £90°) || (10.86 kQ £—51.24°)
(3.14 kQ £90°)(10.86 kQ £ —51.24°)

=1kQ+
+73.14 kQ + 6.8 kQ — j8.47 kQ

— 1 KO+ 34.10 kQ ~38.76 KO+ 34.10 kQ ~38.76
6.8 - j5.33 8.64 » -38°

=1kQ+3.95kQ £76.76°

=1kQ +0.904 kQ +;3.85 kQ

=1.904 kQ + j3.85 kQ
Zr=43kQ £63.69°

E 1 °
£V )33 mA z-63.69°
Z, 43kQ263.69°

S

_ X, I ~ (3.14kQ £90°)(2.33 mA £ —63.69°)
X, +(R +X, +X() +73.14 kQ + 6.8 kQ - j8.47 kQ
_ 7.32mA £263°  732mA £26.3°

6.8— j533  8.64.,-38.1°
Ve=1cXc=(0.847 mA £64.4°)(10.61 kQ £—90°)
=8.99 V /—25.60°

b. Ic

=0.847 mA £64.4°

¢. V,=E-LRy=10V £0°-(2.33 mA £-63.69°)(1 kQ £0°)

=10V -233V £=63.69°=10V — (1.03 V — j2.09 V)
—8.97V+,2.00V
=9.21V £13.12°

9. a. . . R,
«2 w8 v +
T !
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10.

208

X, = 2n fL = 2n(10 kHz)(47 mH) = 2.95 kQ

1 1
Xc= = =1.59 kQ
2rfC 2r (10 kHz)(0.01 uF)
111 1
_ — — —
Z. R, X, R,+X_
N N 1 . 1
Z, 47kQ 295kQ,90° 1.8kQ- j1.59 kQ
1
=212.77 uS £0° + 338.98 uS £—-90° +
2.40 kQ ~ -41.46°
=212.77 uS — j338.98 uS + 312.26 uS + j275.88 uS
=525.03 uS — j63.1 uS
=528.81 uS /—6.85°
1
and Z; = =1.89 kQ £6.85°

528.81 uS ~ —6.85°
V,=)(Z7) = (8 mA £0°)(1.89 kQ £6.85°)
=15.12V £6.85°

XV,  (1.59kQ . -90°)(15.12 V £ 6.85°)

Ve=
R+X, 1.8 kQ - j1.59 kQ
VIS e
240 2 -41.46°

V., =V,=15.12 'V £6.85°)

(12kQ£0°)(1.8kQ £ -90°)  2.4kQ£90°
1.2kQ - j1.8kQ 2

Zr=12kQ+

CokQy 2AOKQL907 6 Loge
2162 -5631°

=1.2kQ+1kQ £-33.69° + /1.2 kQ
= 1.2kQ + 832.05 Q — j554.70 Q + j1.2 kQ

=2.03 kQ +j645.30 Q = 2.13 kQ £17.63°
V, =1IR; = (20 mA £0°)(1.2 kQ £0°) =24 V£0°

~ (12kQ20°)20 mA £0°) 24 A £0°

I =
: 12kQ - j1.8kQ 2.16x10° £ -56.31°

2.4 kQ
Vo=1I(X, || X, )=(20 mA £0°) [% z 90°J =24V £90°

V,=1Zr= (20 mA £0°)(2.13 kQ £17.63°) =42.60 V £17.63°

= =11.11 mA £56.31°
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11. a g 7,=2Q-,20=2828Q £-45°
7,=3Q-9Q+,6Q

E |:zz| [Za |:Z£| =3Q-/3Q=4243 Q £-45°

7;=10Q £0°

1 1 1 1 1 1
Yr=—+—+—= + +
Z, 7, 7, 2828Qs-45 4243Q~,-45° 10Q«0°
=0.354 S £45°+0.236 S £45°+ 0.1 S £0°=0.59 S £45°+ 0.1 S £0°
=0.417S+,0417S+0.1S

Y;=0.517S+,0.417S=0.66 S £38.89°

- -1 150,388
Y, 0.66 S.£38.89°
2Q0° £0°) 120V 20°
b v,= L O)(6(_)V 0°) 120V =4243V £45°
2kQ- 20 2.828 £ —45°
. o E_ 60VsC  60V0 _ 60V0°
' Y7 30-/90+/6Q 3Q-/3Q 4243, -45°
= 14.14 A £45°
E 20°
d  IL=— OV20" 3947 A £38.89°

Z, 1520Q.-38.89°

12. Z'=12Q-j20Q=23.32Q £-59.04°
Ry £0°||Z =20 Q £0° ] 23.32 Q £-59.04° = 12.36 Q £-27.03°
2" =Ry £0°+ Ry L0°||Z’ =12 Q + 12.36 Q £-27.03°
=120+ (11.01 Q—/5.62 Q)
=23.01 Q—/5.62 Q=23.69 Q /-13.73°
Ry Z0°|| 27 =20 Q £0°]/23.69 Q £ —13.73° = 10.92 Q £—6.29°
Zr=Ri L0°+ R, Z0°|| Z” =12 Q+ 10.92 Q /~6.29°
=12Q+(10.85Q-1.25 Q)
=22850-/1.20Q=22.88Q /-3.01°

I, = £ ___100V£0 =4.37 A £ +3.01°

"z, 2288Q./-301°
I, =1

(R, 201, (20Q,0°)(437A £3.01°)  87.40 A £3.01°

bR L0042 20Q+23.01Q- j5.62Q  43.38.2-7.44°
=2.01 A £10.45°

(R £0°) I, (20Q20°)(2.01 A £10.45°) 4020 A £10.45° 40.20 A £10.45°
4 = = = =

R, 20°+7Z’ 20Q+12 Q- j20Q 32 Q- 20 Q 37.74 £ -32.01°
=1.07 A £42.46°
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13. Ry+Ri=27kQ+43kQ=7kQ
R =3kQ|7kQ=2.1kQ
7 =21kQ—-j10Q

(40kQ 2 0°)20 mA ~0°)
40kQ+2.1kQ - j10 Q
=19 mA £+0.014° as expected since R, > Z/

(CDR) I’ (of 10 Q cap.) =

_ (BkQ0°)(19mA £0.014°) ~ 57 mA £0.014°

3kQ+7kQ 10
=5.7mA £0.014°

P="PIR=(57mA)’ 4.3 kQ =139.71 mW

(CDR) L

14, Z'= X £=90°||R £0°=2Q £-90° || 1 Q £0°
2Q/-90°  2Q./-90°
1- /2 2.236 £ —63.435°
=0.894 Q /-26.565°
Z' = X, Z90°+Z' =+j8 Q+0.894 Q £~26.565°
=8 Q+ (0.8 Q—j4 Q)
=0.8Q+j4=4.079 Q £78.69°

(X¢, 29091 (2Q,-90°)(0.5A20°) 1A ~-90°

T X, 290°+Z" -2Q+(0.8Q+,4Q)  08+-,2
1A £-90°
= 00" 0464 A £ ~158.99°
2.154 £68.199°
_ (X, 29090y (2Q.2-90°)(0.464 A £ -158.99°)  0.928 A ~ -248.99°
" X, £-90°+ R, —2Q+1Q 2.236 £ —63.435°
=0.42 A £174.45°

15. a. NXc=10KkQ

. 1 10 kQ 2.7 kQ
E=120V £ 0° 40 kQ 3kQ Rs = 4.3kQ
.
— oz
-
Eq— (40kQ 20°)(120V 20 ):96\/400
40 kQ +10 kQ

R, = 10 kQ || 40 kQ = 8 kQ
27 =3kQ| 27kQ+43kQ)=3kQ | 7kQ=2.1kQ
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8 kQ 10 kQ
+

E, =96V 2£0° Z' 2 2.1kQ
-
. :I:ETh_ 96 V .~ 0° 96V 00
T Z,  8kQ+2.1kQ-j10kQ  10.1kQ- j10kQ
= %6V 0 =6.76 mA £44.72°
1421 kQ ~ —44.72°
 (BkQs0°)I.)  (3kQ£0°)(6.76 mA £ 44.72°)
B 7 3kQ+2.7kQ +4.3kQ 10 kQ ~ 0°
_ 2028 mA £44.72°
10

2.03 mA £44.72°
Py =PR=(2.03 mA)*4.3 kQ

=17.72 mW
2.21 kQ 2.21kQ 2.21 kQ
16. a. Ic It ] It X = 1 _ 1
1€ [AY [AY c = =
27fC  27(40 kHz)(1.8 nF)
I C) Z; 2.2kQ 2.2 kQ 2.2 kQ = 221 kQ

—~ >

= z z;

Zy = (2.2kQ £0°) || (2.2 kQ - j2.21 kQ)

3.12kQ ~ -45.13°
6.86 kQ ~ -45.13°  6.86 kQ ~ -45.13°

22422 221 44- j221

_ 6.86kQ .~ -45.13 136 KQ /—18.46°

4.92 £ -26.67°

Zr” =2.2kQ £0° || (2.21 kQ £-90° + 1.36 kQ /—18.46°)
=22kQ £0°|| (-2.21 kQ + 1.29 kQ — j0.43 kQ)
=22kQ £0° | (1.29 kQ — j2.64 kQ)

%{_J

2.94 kQ 2 -63.96°

 (22kQ£0°)(2.94kQ £ —63.96°)
22kQ+1.29kQ - j2.64 kQ
_ 647kQ ./ -63.96°  6.47kQ £ —63.96°
3.49 - j2.64 438 2 -37.11°
Z:" = 1.48kQ /-26.85° = 1.32 kQ — j0.668 kQ
Zr=221KkQ £-90° + Zy" = —2.21 kQ + 1.32 kQ — j0.668 kQ
=1.32kQ - 2.89 kQ =R — jX¢
=3.18 KQ £—65.45°
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b.  Source conversion:
22kQ 221kQ  221kQ

N0

2.2kQ 2.2kQ

+

1 CD 2.2kQ 2.2kQ Vg,

7'=22kQ - j221kQ=3.12kQ ~-45.13°

8.8V _.,0° source conversion

=2.82mA £45.13°

T 3.12kQ 2 -45.13°
Z1"=22kQ £0°|3.12 kQ £~45.13°

_(22kQ20°)(3.12kQ £ -45.13°)  6.86 kQ £ —45.13°

22kQ+22kQ - j2.21kQ 4.4 - j2.21

6.86 kQ ~ -45.13°

= =1.39kQ £-18.46° = 1.32 kQ — j0.44 kQ

4.92 £ -26.67°

(Z")(1) _(1.39kQ ~ ~18.46° )(2.82 mA ~ 45.13°)

3.92mA £26.67° 3.92mA £26.67°

3.52-j2.65  441,-3697°
0.89 mA 63.64°
Ve, = I, Ry = (0.89 mA £63.64°)(2.2 kQ £0°)

=1.96 V £63.64°

17. Source conversion:
E=1Z=(0.5 A £0°)(2Q £-90°)=1V £-90°

I
™ v
+ | 22 8o
E =20 1kQ
- —_—>
ra
_I__

Zi=—2Q+/8Q+ 2Q2-90°|1Q,0°
2Q/-90°)1Q,0°)  2Q.-90°

1- )2 224/ -63.44°
=—2Q+8Q+0.89 Q £-26.56°
=46 Q +0.796 Q — j0.398 Q

212

T2 422KkQ- 221kQ 132kQ - j0.44 kQ +22 kQ - 221 kQ
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=0.796 Q +j5.6 Q
=5.66 Q £81.91°

E 1V 2 -90°
E_ VLI g7 A 2171910
Z, 5.66Q8191°

S

(22-90°)1,)  (22-90°)(0.177 A £ -171.91°)
L (22-90°)+120° 1-j2
_ 354mA £ -261.91°

2.24 £ —63.44°
=158 mA /-198.47°
V=R, = (158 mA £-198.47°)(1 Q £0°)
=158 mV £—198.47°
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