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Introduction

Steps to Analyze AC Circuits:

. Transform the circuit to the phasor or frequency domain.

2. Solve the problem using circuit techmgues (nodal analysis,
mesh analysis, superposition, etc.).

3. Transform the resulting phasor to the time domain.



Nodal Analysis

Example 10.1 Find i, in the circuit of Fig. 10.1 using nodal analysis.
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For Example 10.1.

Solution:
We first convert the circuit to the frequency domain:

Wcosdt = 20,/0°, w = 4 rad/s
1 H = Jjol = 4
05 H = Jwl = 2
1
1 F = — = —j2.5
Ja

Thus, the frequency domain equivalent circuit is as shown in Fig. 10.2,
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Figure 10.2

Frequency domain eguivalent of the circuit in Fig. 10,1,



Nodal Analysis

Applying KCL at node 1,
20-V, ¥V, V-V,

0 —2.5 * 4
Qr
(1 + j1.5)V, + j2.5V, = 20 (10.1.1)
At node 2,
o+ Y2V
' J4 J2

But I, = V,/—j2.5. Substituting this gives
2V, vi—V, V,

+
—j2.5 j4 j2

By simplifying, we get
11V, + 153V, =10 (10.1.2)

Equations (10.1.1) and (10.1.2) can be put in matrix form as
I+ 1.5 25|V, | _ |20
11 15 Jlv.] Lo

We obtain the determinants as

1 +41.5 425

A= =15—-j5
11 15 The current 1, is given by
20 2.5 |+ 1.5 20 o /18 440
= = 300, A, = = —220 v 18.97,/18.43 f
‘ ‘{] 15‘ : 11 ﬂ‘ I = 2‘5= 25"_:- o = 159/108.4° A

A 300 o 2. S5/ =907

Vi= A 15 — 5 = 18.97/18.43°V Transforming this to the time domain,
voofa =200 i, = 7.59 cos(dt + 108.4°) A

A 15-j5 T L——



Nodal Analysis

Example 10.2

Compule ¥, and ¥V, in the circuil of Fig. 10.4.
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For Example 10.2.

Solution:
Nodes | and 2 form a supernode as shown in Fig. 10.5. Applying KCL

at the supernode gives
Y v v
1 2 2

= + _
—ji3 j6 12
or
- Supernode — 3 AV
) / . 36 = j4V, + (1 — j2)V, (10.2.1)
Ve feeeel L V2
. e
l “mm——rT But a voltage source is connected between nodes | and 2, so that
3A G = —j3i = j6 Q2 1o Vi=V:+ 105-'“45“'
A T
‘ Substituting Eq. (10.2.2) in Eq. (10.2.1} results in
V, =31.41/-87.18°V

Figure 10.5

A supernode in the cireunt of Fig. 10,4,

36 —40/135° = (1 + 2V, =
From Eg. (10.2.2),
V=V, +10/45° = 2578/-70.48° V

(10.2.2)



Mesh Analysis

Determine current I, in the circuit of Fig. 10.7 using mesh analysis.

Solution:
Applying KVL to mesh 1, we obtain
(8 +j10 — j2)I; — (—j2)I; — j10I; = 0 (10.3.1)
For mesh 2,
(4 — j2 — j2)0, — (=20, — (—j2)1; + 20/90° =0 (10.3.2)

For mesh 3, I; = 5. Substituting this in Egs. (10.3.1) and (10.3.2), we get

(8 + j8)1, + 21, = j50
21, 4 (4 — jl, = —j20 — j10

(10.3.3)
(10.3.4)

Equations (10.3.3) and (10.3.4) can be put in matrix form as

|:E +j8  j2 J[Ij_ [;50}
24— 1 —j30

from which we obtain the determinants

8+ J2 . _ _
A= =321+ )1 —j) +4=68
‘ 24— (1 +000 =5
8 +j8 50 ,
A= TP =340 — jpa0 = 416.17/-35.22°

Jj2 —j30
A, 416.17/-3522°

S — ———— i []

L=7= <3 =6.12/-3522° A

The desired current is

I,=—1, = 6.12/144.78° A

Example 10.3
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For Example 10.3.



Mesh Analysis

Solve for V, in the circuit of Fig. 10.9 using mesh analysis.
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For Example 10.4.

Solution:
As shown in Fig. 10.10, meshes 3 and 4 form a supermesh due to the
current source between the meshes. For mesh 1, KVL gives

=10+ (8 —j2)I;, — (— ), — 813, =0
or
(8 — j2)I, + j2I, — 8I; = 10 (10.4.1)
For mesh 2,
I, = -3 (10.4.2)
For the supermesh,
(8 — )l — 8L, + (6 + j5)L, — j5I, =0 (10.4.3)
Due to the current source between meshes 3 and 4, at node A,

L,=1+4 (10.4.4)

Example 10.4
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Figure 10.10
Analysis of the circuit in Fig. 10.9.

The required voltage Vy is
Vo= -2, — L)



Superposition Theorem

Use the superposition theorem to find I, in the circuit in Fig. 10.7.

Sclution:

IL,=1,+1! (10.5.1)

where I, and I, are due to the voltage and current sources, respectively.
To find I, consider the circuit in Fig. 10.12(a). If we let Z be the
parallel combination of —;2 and 8 + 10, then

8 +j10) _
Z= T2+ 8 + /10 =0.25 — j2.25
and current I, is
J20 J20

1, = =
T4 -2+ Z 425 j425

or
I, = —2.353 + j2.353 (10.5.2)
To get I, consider the circuit in Fig. 10.12{b). For mesh 1,
(8 + 78, — j100y + j21, = 0 (10.5.3)
For mesh 2,
(4 — jhl, + 21, + j21, = 0 (10.5.4)
For mesh 3,

I.=35 (10.5.5)

Example 10.5
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Solution of Example 10.5,



Superposition Theorem

From Egs. (10.5.4) and (10.5.5),

(4 — 4l + 21, + j10 =0
Expressing I, in terms of I, gives

L =2+ 20, -5 (10.5.6)
Substituting Egs. (10.3.5) and (10.5.6) into Eq. (10.5.3), we get
(8 + j8)[(2 + j2)I, — 5] — j50 + 21, = 0
or
I, = u = 2.647 — j1.176
34

Current I, 1s obtained as

I = -1, = —=2647 + jl1.176 (10.5.7)
From Egs. (10.5.2) and (10.5.7), we write

L =1,+1,=—5+ 3529 = 6.12/144.78° A




Superposition Theorem

Exam ple: 10.6 Find v, of the circuit of Fig. 10.13 using the superposition theorem.
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Figure 10.13
For Example 10.6.

Solution:

Since the circuit operates at three different frequencies (@ = 0 for the
de voltage source), one way to obtain a solution is to use superposition,
which breaks the problem into single-frequency problems. So we let

U, =1y + va + g (1ﬂ+61}

To find v, we set to zero both the 3=V source and the 2 sin 31 current

. _ source and transform the circuit to the frequency domain,
where v 15 due to the 3-V dc voliage source, v5 is due to the [0 cos2i WV 1 ¥

voltage source, and vy is due to the 2 sin 5¢ A current source. 10 cos 2t — 10 iﬂc‘ w = 2 rad/s
To find vy, we set to zero all sources except the 5-¥ dc source. _

. . L 2H = jwl. = j4 ()
We recall that at steady state, a capacitor 15 an open circuit to ' '

dc while an inductor is a short circuit to de, There is an alternative 0.1F — 1 —j50
way of looking at this. Since w = 0, jolL = 0, 1 /jwC = . Either jwC
way, the equivalent circuit is as shown in Fig. 10.14{a). By voltage
division,
1
vy =—(5) =1V (10.6.2)

1+ 4



By voltage division,

Superposition Theorem

The equivalent circuit 1s now as shown mn Fig. 10.14(b). Let

Z=—jsa="L2%_ 439 j1951
= —j5[|4 = a5 29—t
1452 462 g4 12 4 0 L 1£2
A AW TN AMA—— A A
] [ - [T “w- ]
@ sv ey (@) j5s0 = e E (H)msra =20 Zag
; L1 f

(a) ik ic)
Figure 10.14

Solution of Example 10.6: (a) setting all sources to zero except the 5=V dc source, (b) setting all sources to zero except the ac
voltage source, (c) setiing all sources 1o zero except the ac current source.

The equivalent circuit is in Fig. 10.14(c). Let

—j2 x4 -
1 10 a L, =—jl|4= — =08 —jl.6 10
V=T (1008 0°) = - = 2498 /-30.79° 4-2
1+ jd4 + 3.439 + j2.049 —
By current division,
In the time domain,
I | — (2/-90°) A
v, = 2.498 cos(2t — 30.79%) (10.6.3) YT+ 1+ 2, (1)
. J10 ;
To obt 13, we set the voltage s 51 and transf 'hat Vi=I X 1| =———(—j2) =2328/-80°V
. 0 obtain vs, we set the voltage sources to zero and transform wha 3 | Ty jﬁ_ci[ j2) /—80
is left to the frequency domain,
i . In the time domain,
2 sin 5t = 2/ =907, w = 5radls
TH = jwL = j10 0 vy = 233 cos(5r — B0%) = 233 sin(5¢ + 10V
0.1F _ 1 - _pa Substituting Eqs. (10.6.2) to (10.6.4) into Eq. (10.6.1), we have
JuwC

v,(f) = —1 + 2.498 cos(2r — 30.79°) + 2.33 sin(5¢ + 10°) V



Source Transformation

™ IFJ

Figure 10.16

Source transformation.




Source Transformation

Example 10.7

Caleulate V, in the circuit of Fig. 10.17 using the method of source

transformation.
50 4 J13Q
AW HT
<30 ]+ 40 -/130
20 /=90°V (2 [ g = v, W |
2 j40 =
r i f?' 3 ﬂ f'.h +
L=-j4A (} Z50 e <V
Figure 10.17 = |‘4 . <
= J
For Example 100.7. ‘ﬁ
" fd]
Solution:
‘r‘fc 11.*ar_151"c-rm the voltage source to a current source and obtain the 250 jlasa 4 i13Q
circuit in Fig. 10.18(a), where A —— T A H
Ef}i—'}ﬂ” .
[[=———=4/-90"= —4 A F = s—il0y (1 <y
] ; / v V,=5=/10V .\;} eV,
The parallel combination of 3-£2 resistance and (3 + j4) impedance gives
5(3 + i) ih
7, ==Y 5541250 )
B+ j4

Figure 10.18

Converting the current source to a voltage source yields the circuit in

Fig. 10.18(h), where
V,=LZ, = —j425+ 125 =5—jl0V

By voltage division,
_ 10
10 + 2.5 + j1.25 + 4 — j13

'
X

o — P T
(5 —j10) = 5.519/-28" V

Solunion of the circuit in Fig. 10,17,



Thevenin and Norton Equivalent Circuits

Ly
™ "3 a (i
o — o —
Linear Linear | - .
| v @ oll IR _
T { + N .
circuit Vg \—=/ circuit 1)
—C b v b
—C b — 0 b

Figure 10.21

Norton equivalent.

Figure 10.20

Thevenin equivalent.

Vi = Zply, L, =1Ly

V1, 18 the open-circuit voltage while I is the short-circuit current.



Thevenin and Norton Equivalent Circuits
Example 10.8

Obtain the Thevenin equivalent at terminals a-b of the circuit in Fig, 10.22,
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Figure 10.22
For Example 10.8,
Solution:
We find Z, by setting the voltage source to zero. As shown in
Fig. 10.23(a), the 8-{} resistance is now in parallel with the —j6
reactance, so that their combination gives
.. fd fd
. —jb 8 .
Z,=—j6||8 =————= 288 — j38g4 1}
1 j6 | §— 6 g
o= e 2. 3 ;
Similarly, the 4-£} resistance is in parallel with the j12 reactance, and e = 68 == = o C‘Ji jze
their combination gives a b
O =
12 X 4 ¢ z.
Z, =4 j12=L"""=36+/120 L
4 + jl12 '

The Thevenin impedance is the series combination of Z, and Z,;
that is,

Zow =7, + 7, =648 — 2640



Thevenin and Norton Equivalent Circuits

To find Vo, consider the circuit in Fig, 10.23(b). Currents I, and
I, are obtained as

_ 120 L-"TS" 120 5-’?5'3
I, =———A, IL=——"77—A
8 —jb 4+ jl12

Applying KVL around loop bedeab in Fig. 10.23(b) gives
V’l'h - 4])_ + f_jﬁ)l| = U
or

480 EE 720 5-’?5° + 90°

Vo =45 + j6l, = + _
m =4l +6h =2 8 — j6

— ! o ! o
= ET.QSLE.«H + 725 201.87

= —28.936 — j24.55 = 37.95£22ﬂ.3]°‘u’

120 T5° WV

d
1 ',
-6 0 == E; 40
e |+ ¥ il
& At
80 = :'3’ 120
f



Thevenin and Norton Equivalent Circuits

Exam ple 10.9 Find the Thevemn equivalent of the circuit in Fig. 10.25 as seen from

terminals a-b.
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Figure 10.25

For Example 1009,

Solution:
To find Vo, we apply KCL at node 1 in Fig. 10.26(a).

I5=L+05I, = TL=10A

Applying KVL to the loop on the right-hand side in Fig. 10.26(a), we
obtain

L2 —j4)+ 0514 +3) + Vi, =0
or

Vi = 102 — j4) — 5(4 + j3) = —j55
Thus, the Thevenin voltage is

"r"[“], = 55£—';{:|D W

iﬁﬂl *> .51,
—jid L2
T o b
| 05, 4+i3Q )
== = [ 1 - O a
L *
|5A(‘D 240 q <{r 051, Vo
o b




Thevenin and Norton Equivalent Circuits

To obtain -, we remove the independent source. Due to the
presence of the dependent current source, we connect a 3-A current
source (3 1s an arbatrary value chosen for convenience here, a number

divisible by the sum of currents leaving the node) to terminals a-b as 4430 o . L
shown in Fig. 10.26(b). At the node, KCL gives ol 1 o—=
i=1,+ 051, = I,=2A |
Applying KVL to the outer loop in Fig. 10.26(b) gives D 2-4Q <+> 03k % G =300 A
V,=14 47342 —jd)=206—j >
The Thevenin impedance is = .. 7
=22 =2020 _ 4 josss70

I, 3



Thevenin and Norton Equivalent Circuits

Obtain current I, in Fig. 10.28 using Norton's theorem. Example 10.10
a
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Figure 10.28 I -
For Example 10.10. b
(a}
Solution:
Our first objective is to find the Norton equivalent at terminals a-b. Z, L a L
is found in the same way as £, We set the sources to zero as shown LI
in Fig. 10.29(a). As evident from the figure, the (8 — j2) and (10 + j4) s 5 ﬂ) OF
ey

impedances are short-circuited, so that ;

Zu =580 M | @

-2 w=

To get 1, we short-circuit terminals a-b as in Fig. 10.29(b) and Jao (= (I_) ;I}

apply mesh analysis. Notice that meshes 2 and 3 form a supermesh : 1'4;:':2
because of the current source linking them. For mesh 1, o ke -

b

—j40 + (18 + j2)I, — (8 — j2)L, — (10 + jI, =0 (10.10.1) b



Thevenin and Norton Equivalent Circuits

For the supermesh,
(13 — j2)L, + (10 + jl; — (18 + 2L, =0 (10.10.2)
At node a, due to the current source between meshes 2 and 3,
I, =1,+3 (10.10.3)
Adding Egs. (10.10.1) and (10.10.2) gives
—jdd + 51, =0 =% L, = 8
From Eq. (10.10.3),
L=L+3=34+8
The MNorton current is
Iy=L=03+,8A

Figure 10.29(c) shows the Norton equivalent circuit along with the
impedance at terminals a-b. By current division,
5 3+ 8

=1, = = 1.465/38.48° A
54204157 543 L

o

A A
W
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