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AC Networks Analysis
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= Example:

For the circuit shown in the Figure,
determine:

1. The totakimpedance

2. The current Ix

Solution:
I, =
z, )20 A =4.:£8— i8.626 02
(—j10)+(20+ j4) —
3 3 5
I = = 0.46074£52.63°

5, 11020+ j4) _@4.588—j8.626 108547 5063 o 2
. =jl0+20+ ¥4

i(t) = 0.4607cos(é000§ +52.630A | _—"
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Analysis of AC Circuits

Substitute for every network with/'LLs-impe.da)ce equ

. rExpress currents & voltages in bhasor domai
Use same approach as DC network (Nodal analysis, Mesh Analysis or
solve for desired component

/

superposition) to

(\
R, L
AW O ® AR O
7 e
i) f/ = ::/ \ Rz§
T\ L@ / \ a0/

Q

T e e

# 1(1)

A sample circuit
for AC analysis

——~ ¥s(jo) Cﬁ_)

ivalentin p

hjasor dgnaia

ZR, Z
<
F il "
7y 7N
l, ; Zc | ]
\Li(jo),/ \Iz(jﬂ)))/

&

"o

The same circuit
in phasor form

proso” §ddld, p
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R,=0.5kQ R,=2 kQ

Example: Nodal analysis (ac)

VoA
E=12.20°V Xg=3 k2 ="
For simplification let %
leRla_ZiﬁLaz3:Rzaz4 :@'(C .
T s & o
Step 1:Determine the number of nodes
3 nodes in this circuit. Bottom node is the reference node
Step 2: Apply KCL at all nodes except reference node
Node V1:
\
0=1, M
Vi— v, -V,-=V.
\ [-E)-F\- 1 4 1 2 _ 0 .
Zz ,Z3 Y
v 1 N 1 N 1 % 1| E 0 \ Reference node
1 L, L, Zj ’ Ly Z 29
N N~ —
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Applying KCL at node 2 (note the R 1 R, .9
direction of currents in node 2) AN —r—e—

: _* Y T
LAy = AN
@‘Zh3 Z4 h

1 1 1
V. —V| — _—(:D
2{23 +Z4} 1{23} (2)

N\ ,

Reference node

Solve equation (1) and (2) and find ¥, and V,, and)then find the node currents

T
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Example: Loop analysis (ac) =D 'Yne? S
o ,\/\

' i X, =20 %
Using loop analysis find the current / Pl Xe-107
R=14Q
E =220V
E,=6£0"V
Apply KVL around each closed loop L

Loop?2: —Zy(I,—1,)~1,Z5—E, =0 + A A\

1 -

+‘ S} + +

E =220V I ]2 6%
1 - E, =620V

Solve above equations to find /; and /, -

/ ==~
I, =3.61£-236.30" N
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I, = ED-Yr .z oc b |123.6aN

N - 2C :—7“/3=

f?/’*“ /Q\F —,EQ - 4. 47F2) ] \b4, friu/\
AL - £C
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Example (ac): W@rough the 4-Q reactance @ for the

[ e 0 N
network below using superposition theorem.

—

Zy = jX 1y = jaQ

Considering the effect of voltage source E, (fig. b)

Ly +2Z, Jj4—j3 J o J J

7.7 g .
Z,|z, =222 _UDEY 12 125 _i120

;o B 1020°  10£0°  102£0°
|z vz, -2+ 4 -8 82/-90°

=1.2520-(-90")=1.25290" = j1.25

Z —3)(j1. . . 0
peg x—23 _{ J.3)(Jl.25):3.75:37542 @4_90
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Considering the effect of voltage source £, (fig. ¢)

. . 2 | 7
ZlHZz _ YAVA) _ (J4)(J4) _J 16 =20 1
Zi+7Z, j4+j4 Jj8 ¥
L1 J[”
0 0 Xp)
I = E, _ .540. _ 520 : _ 590" N
Zluz2 +Z3  j2-j3 1£-90

I"=1,x ? 5,90 |
Z, +Z

The resultant current through the 4-Q reactance.

I=1'+1"=3.75/-90" +2.5,90"

=—j3.75+ j2.5=-j1.25=1.25/-90"
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8.12 Find the impedance, Z, shown in Fig. P8.12 at a
N T T — ~
frequency of 60 Hz.

rH1H

I @—~ 10 L 10 {F)

b |

F| gure P8.12
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SOLUTION:

10 mH 24

—

ze= j(277)(40m) = j3 770

2 ¢ < | = -J' BB - 2% L2

J377) (1o
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8.36 Find »,(t) in the circuit in Fig. P8.36. N )

0.005@

L
\

40@5/@— 30°) v

oncosln)

\OCJE\/

Figure P8.36

SOLUTION:
2, = (o) (o) = jH

2., = Jjlyo) (02) = jsn
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To Q\‘Mb CU*W@%“ A VSt g Y V1

-r

Z\/ a0 B
_@jai 56T 4 Go)=20)

+ J3 a5 2 0
(\6,\\Aj§'i)\£ w0 — 4/3

—

1= Jvo - 40 )-J0
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(. 402 =3 A

To Yo d Nk useag Ales LVL
—loo & L@i@y&*if . 5l=0

Wy = 100 & (Ao T
Uy = 100 & (~15~j4)(42 /-3)

N = 2418 [42 V'
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10t :
5Ho+Jy+j9-J3

(\J 5\\*“9 W = g‘l'Sl L -‘404\°>\/
'5\“\){\(; Q/{ Uy = x4\ = 1802L 649743751, -qo. I

—

Vx = 3717 L-102° VvV »
—_—

Tvx(t) = 2717 Cos(uof-l2-01°)V\ \

) ( 4o 4L-30°)
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8.68 Find V, in the network in Fig. P8.68 using nodal analysis.

12/0°v Ci)

[ hd
VA It . 1 + VA
20 j
Q I
2/0A (D) 0
2 né v

Figure P8.68
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