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PARALLEL ac CIRCUITS
Yr 1 1 1 1
—_ Yy Zy Y2 = z, Ys Z, Yy e
Zr
Y}‘ — Yl + YZ + Y3 + + YAN
1 1 1 1 1
= + + .o+ =
7, 7, 7, Z. Z

For two impedances in parallel

7.7,

A

EXAMPLE: For the network

a. Find the admittance of each parallel branch.

b. Determie the mput admaittance.
c. Calculate the input impedance.
d. Draw the admittance diagram.
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Solutions:
1 ]

Ye=GL0°=—/0°= —— /0°
A Yk R 20 Q
=0.05S 2£0°=0.05S +/0

] ]

Y, =B, /-90°=— /—90° = —— /—90°
Lo X; 10 Q

=01S24-90°=0-;0.18

b. Y, =Ye+ Y, =(005S+;0)+ (0 —;0.1S)
- 0.058S—-j01S=G—jB,

P 1 _ 1
T Y, 005S—,01S  0.112S £—63.43°
= 8.93 O £63.43°
Or
_ ZZ, (200 £09(10 Q £90°%)
T 2.+ 17 200 +710Q
200 Q £90°

= 8.93 () £63.43°

T 2236 22657°

Y, = 0058 £0°

J/-63.43° "
I
1

Y, = 01S2£-90° i

First class
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EXAMPLE: Repeat the above Example for the parallel network.

O
Yr
. R§50 XLESQ Yo =20 0)
C
Solutions:
1 1
Y, =G /£0°=— /0°= — /0°
A Yx R 50
=02S/0°=028S+,0
1 1
Y, =B, £—90° = — /£—-90° = — ~—90°
Lok X, 8 Q)
=0.125S £—90°=0 —j0.125S
1 1
Y. =B-/90° = — £90° = —— £90°
‘ . X 200

= 0.050 S £ +90° = 0 + j 0.050 S
b Yy=Ye+ Y, + Y,

= (02S+;0)+ (0 —;0.125S) + (0 +/ 0.050 S)
=02S —;0.075S = 0.2136 S £ —20.56°

1
L= — 4.68 Q £20.56°
© ST 02136 £—20.56°
d.
1j
“Y’C
Y, N -
T 20.56° i +
Y, - Y, !
by 021365 ™™~ |
Yr
A i YL
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PARALLEL ac NETWORKS

1) R-L

EXAMPLE: find the total impedance and the current in each branch for
the network.

r—p a

Vir
e = \V/2(20) sin(wt + 53.13°) @ R§ 333 Q) Xng.S 0

Solutions:
I=10A/0°
B a
+ &_"; (3 6 853
E=20V25313 @ R § 3330 A'ng.:s 0
e
Y, =Y:+Y;
1 1
=G/£0°+ B, £-90° = Z0° + /. —90°
£ 3330 250
=03S40°+04S2£-90°=03S—-,048
=058 ~-53.13°
;= L _ l =20 £53.13°
Y, 0.5S ~£-53.13°
Or
17,  (3.33Q £0°)(2.5Q £90°)
; —

T ZetZ, 333Q20°+25Q790°

8.325 £90°
= — 5 . (o)
4.164 £36.87° 28 25313
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GZ0°=038.20°

=

-

i
53.13° |
|
|

B; £-90° = 048 £-90° Y, =058 £-53.13°

I= ;: =EY;= 20V £53.13°)(0.5S £-53.13°) = 10 A £0°
T

_E/8
R £L0°
= (20V £53.13°)(0.3 S £0°) = 6 A /53.13°
E /0
X; £90°
— (20V £53.139)(0.4 S £ —907)
—8A ~/—3687°

I = (E L6)(G £0°)

I, = — (E L6)(B, £—90°)
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2) R-C

EXAMPLE: find the total impedance and the current in each branch for
the network.

a

e
I=10AZ0° ()E R§ 167Q  X.7=<1250Q

Solutions:
] 1

Y, =Yy +Y.=G20°+ B 290° = /0° + /.90°

r— "k ¢ 1.67 Q 1.25Q

=06S20°+08S290°=06S+;08S=108 ,53.13°
1 1

y— = =1Q £ -53.13°

7Y, 1.0S2£53.13°
Or
7 Zelc _ (1679 £0°)(1.25Q £-90°)

T ZetZe 1.67Q20°+ 1250 £-90°

2.09 £ —90°
- =1Q £ -53.19°
2.09 /. —36.81°

.hj

Yr =18 4£53.13°
BrZ90° = 0.8S £90°

-

GZ0°=06S20° +

I 10A £0°
Y, 1S ./53.13°
Iz = (E 26)(G £0°)

= (10 V £—53.139)(0.6 S £0°) = 6 A £ —53.13°
I. = (E £6)(B. £90°)

= (10 V £—53.13°)(0.8 S £90°) = 8 A ~.36.87°

E=1Z;= =10V L-53.13°
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4 J

3) R-L-C

EXAMPLE: find the total impedance and the current in each branch for
the network.

i = 70.7 sin wf

—
T l?R ¢?f_ ‘I(_
V/2(100) sin(wr + 53.13°) R § 3330 g 1430 X.7[~3330
L

Solutions:

Y, =Yo+ Y, +Ye=G20°+ B, 2—90° + Be £.90°
1 . ] i ]
3330 207+ W 20"+ 3.330

=03S£0°+0.7S2£-90°+ 0.3 S £90°
=03S—-07S+,038S
=03S—;04S =058 /—-53.13°

1 1
Y; 05S,-53.13°

Z.90°

=2 /£53.13°

ZT:
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b
A

B £90° = 038 £90°

GZ0°=03S20°

Y, =058/£-5313°

YB; £-90° = 0.78 £-90°

I, = (E 20)(G £0°)
— (100 V £53.13°)(0.3 S £0°) = 30 A £ 53.13°
I, = (E 26)(B, /—90°)
= (100 V £53.139)(0.7S £—90°) = 70 A /. —36.87°
I. = (E £0)(B. £90°)
— (100 V £53.13°)(0.3 S £+90°) = 30 A £ 143.13°
AJ
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EXAMPLE: Using the current divider rule, find the current through each
parallel branch.

I =5A,L30| 19 80

Solutions:

_ LI 2Q2-90°)(5A £30°) _ 10AZ—60°
S —i2Q0+1Q+;80Q 1+/6
10 A2 —60°

= = 1.644 A £ —140.54°
6.083 £.80.54°

Zpdr (1O +80)5A £309

" Ty + Lo 6.08 ) / 80.54°
_ (8.06 £82.87°)(3 A£30°) _ 40.30 A£112.87°
6.08 7 80.54° 6.083 / 80.54°
= 6.625 A £32.33°

Series-Parallel ac Networks

EXAMPLE: For the network
a. Calculate Z;.

b. Determine I..

c. Calculate Vz and V-

d. Find I..
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+ Ve —
Xc
e =k
I R I :
s ‘V\A C 20
Zs 0 —
E=120V.20° 30
—
Solutions:
a)
IS
Zl Z2 1
_|_
B —
E =120V Z0° Z;
-
ZT == Zl + Z‘z

Z,=R/Z0°=1Q ,£0°
_ (X £-909)(X; £90%) _ (20 £-909(3 O £90°)

Lt b= vy, —j20+;30
_6QL0°_6QL0° _ o g0
i1 1 290°
Zi=7,+7,=1Q—6Q =608Q /—80.54°
b)
= b - LOVZOL o944 /80540

7 6.08 Q) £ —80.54°

c)
Ve =LZ, = (1974 A £80.54°)(1 (2 £0°) = 19.74 V £ 80.54°
Ve=LZ, = (19.74 A £80.54°)(6 O £—90°)

= 118.44V £ —9.46°
d)
Ve _ 11844V £—9.46°

= 59.22 A £80.54°
7 20 £-90°

IC =

EXAMPLE: For the network
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a. IfI'1s 50 A £30°, calculate I; using the current divider rule.

b. Repeat part (a) for L.
c. Verify Kirchhoft’s current law at one node.

Iy Ly
R 30
I CT) X~ T~ 8
X, 40
Solutions:
a)
iy L}
I Z, Z,

I_

Z,=R+,X,=3Q+;40Q=50Q £53.13°
Z,= —jX.=—j8Q =8Q £—90°
Z1  (8QL-90°)(50A £30°) 400 £ —60°

I

2,4+ 7, (—j8O)+(3Q+j4Q) 3—j4
_ 0027000 gh A, 6870
5/ —53.13°
b)
Lo Ll _ (5Q£5313°)(50A £30°) _ 250 £83.13°
7.+ 7, 50 /—53.13° ©5,.-53.13°

=S50A £136.26°
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c)
I=1,+1
50A £30°=80A £—6.87° + 50 A £136.26°

= (79.43 — j 9.57) + (—36.12 + j 34.57)
= 4331 +,25.0

50A £30°=50A £30° (checks)

EXAMPLE: For the network
a. Calculate the voltage V- using the voltage divider rule.
b. Calculate the current L.

R
Wy
T )
-&%89 E 20V £20° Xp =120V,
=
Solutions :
a)
I, I
TIS z,
+

LE (120 24-90%)20V £20°) 240V L-70°

V.- = =
7, +17, 50-7120 13 £—67.38°
= 18.46 V £ —2.62°
b)
IIZLZM:ZSAL—?OO
Z; 80 £90°
E 20V £20°
I, = = = 1.54 A £87.38°
P Z,+7Z, 13Q.,-67.38°
L=1+1L

—25A2—70°+ 1.54 A £87.38°
= (0.86 —j 2.35) + (0.07 + j 1.54)
I, =093 — ;081 =123A £—41.05°

Dr. Saad Mutashar Abbas



Electrical Engineering Fundamentals, Dr. Saad Mutashar Abbas First class

Methods of Analysis (ac)

EXAMPLE: Convert the voltage source to a current source.

Oa Source COI]VE‘['SiOll
E=100V / 0“@
I=20A /-53.13°
R 30
Z .

X, 4 ()

a'
Solutions:

E 100V £0°

Z 50 /53.13°
—20A £ —53.13°

EXAMPLE: Convert the current source to a voltage source.

a a
+

E =120V 2 30°("\y
z
z
I-10A Z 60°Q> G860 =40 > T 1.-120
&
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Solutions:
s Zclr (X £=909)(X; £90°)
Z.+17, i Xe+ X,
4Q £-90°)6Q £90°)  24Q 2 0°
- —i40+;6Q  2/90°

120 /-90°  [Fig. 17.7(b)]

E=1IZ=(10A £60°)(12 Q £ —90°)
= 120V.—-30° [Fig. 17.7(b)]

EXAMPLE: Using the general approach to mesh analysis, find the current
I1.

Solutions:

E, E,
- I]_ J I: Yy —

Z,=+jX;=+j20Q E, =2V £0°
Z,=R=40Q E,=6V £0°
;= —jXc=—1Q

L(Z, + Z,) - LZ, = E,
I.(Z, + Z;) - 1,Z, = —E,

L(Z, + 71, — 1,2, = E;
—1,7Z, + L(Z, + Z;) = —LE,
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E, -7,
I _‘ “E, 7, +Z3\
' |Z,+ 2, -L

‘ —4Z, Z,+ Zs\

_ E(Z, +75) - ExZ>)
(Zy + 2,)(Z> + 1) — (L)

_ (B, —E)Z, + E/Z

7.2, + 7.2, + 1.7,

I - QV—-6V)EQ)+Q2V)(—j1Q)
(H720)@ D) + (+H2M(—20) + @ D)(—20)
_ —l6—j2 —16—j2 _ 16.12A £—172.87°
j8—j2—j4 2474 4.47 £.63.43°
=3.61A £—-236.30° or 3.61A £123.70°

EXAMPLE: Write the mesh currents for the network having a dependent
voltage source.

MW

pVy +
QY
+ = +
El@ L) V.ZR @ ®Z

Solutions:
E, —LR —R(I, - L,) =0
R(L — L)+ uV, —LR; =0 V.=, — LR,

E, - LR —RA-L)=0
R, — I,) + ,LLRE(I] — L) - LR; =0
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EXAMPLE: Werite the nodal equations for the network having a dependent
current source.

R,
2 k()
+
E = 10 k€ == 5k0 l L=
12V 400@ Yo TS C 4mA £0°
=

JI

Solutions:
v, \Y%

Z]_ Z3 &

()

Vg v A - B

'z, 7, 7| |z,| 1z
v+ L ov [ ]= o
Z, 7, Z,

EXAMPLE: Using superposition, find the current I through the 6-Q
resistor.

_Ib
—
2 6

Y, =60 | R=

0
+
E1=20V430°® I, 2AZL0° AR Xp= 80
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Solutions:

Z, Z,

‘@ G

—

po LN _ (j6d2A)  _ j12A
Z.+Z7Z, j6Q+6Q—;8Q 6—;2
12A £90°

T 632 £ —18.43°
I'=19A ~£108.43°

®

E,  E, 20V /30°
Z; 7,+7, 632Q/—1843°
= 3.16 A £48.43°
I=T+1
=1.9A £108.43° + 3.16 A £48.43°
= (—0.60A +;1.80A) + (2.10A +j 2.36 A)
=1.50A +j4.16A
I=442A £70.2°

Iff —

First class
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EXAMPLE: Find the Thévenin equivalent circuit for the network external
to resistor R.

o}

7000

X; =80Q
_l_
E=10VZO°® Xe ~ T~ 25‘1§R
_ A
1 Thévenin
Solutions:
z, o
+
E = 10\?400@ Z, —‘
Thévenin
O
7Z,=jX; =780 7,=—jXc=—j20
Z, 0
{ Zy,

Z,

O
7.7, G8M(—j2Q) —i'l6Q  16Q

Z. = = =
"+ Z, j8Q-j2Q 76 6 £.90°
=2.67 Q £—90°
Z, T N
E Z, Eg,
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Z7,E .
Ey = m (voltage divider rule)
- 210V —720V
- 2 A0Y) 72OV 553y, —1800
j80 —j20Q j6
Zp, = 2.67 0 £ -90°
Zy ———
_|_
Ep = 333V Z —180° éR

N Q0
Ep, = 333V £ —180° @ §R

EXAMPLE: Determine the Norton equivalent circuit for the network
external to the 6-Q resistor.

R, X
AWy dI) o
n 30 4 Q)
E=20V Z0° XC7:5QRL§GQ
-——
Q
—l— Norton
Solutions:
z, 0
')
— Norton

Z,=R +jX;=3Q+;40=5Q 253.13°
Z,=—jXe=—j5Q
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O

7 - LiL, (5045313950 2,-90°) 250 £—36.87°
Y72+ Z, 304,40 -750 351

250 /-3687°
©3.16 £ —18.43°

=791 Q £—18.44° =7.50 Q — ;2.50 Q)

Z, 0

e T ly)

E @ z, 1,

0]
E 20V 20°
Iy=1,=—= =4 A £-53.13°
N Tz 50 453130
| o]
7500 — j2.50 O
Iy= 4AZ — 53.13° Zy R§GQ
O
—
O
Ré?.ﬁO!!
I,= 4AZ — 53.13° RL§6 Q
Yo 1= 2.50 ()
0]
-
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