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Example 25- Nodal Analysis

A VAVAV \,"
Find i, in the following circuit using nodal analysis
—t

Solution

20 co
We first convert the circuit to the frequency domain:

20 cos 4t = 20/0°, w = 4rad/s
I1H =  jowL=j4
05H =  joL=j2
1 10 Q V, i4 Q V.
01F = ——=—/25 AW e . 2,
joC ll

20,/0°V (i) ;: -25Q 21, < 4 % j2Q

Applying KCL at node 1,
20_V1_ V] +V1_V2

1
10 —25 4 a —~
j J 21~ jul ,}c—ﬁ

(1 + 1.5V, + 2.5V, =20 104

or
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ED—-8F . 1946V = )22 F /1% 43/

7=

NDo—Bc

D=8
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Tz Joux (194/6) = ?F/ggq ) 1043

5 ix(-\—) - TTffgI%d{ 4_@3(4#-{-[@9742) A
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Example 25- Nodal Analysis __~"

—\ NN
Find i.. in the following circuit using nodal analysis 0Q v N AQ \2
b . g g y , ST _ _
Solution (continue) ! I \
I i
(1 + j1.5)V, + j2.5V, = 20 20,/0°V @) L == 259 21, +>

At node 2, \ ,"

/\\\ /ll
\\~-_—’, _l_

A,

But I, = V,/—;2.5. Substituting this gives [

1415 j25 20 F
- 11 1 V2 /’;
s T T n2

2V, \Y% vV, 'V,
—

V, = 1897 18.43°V

11V, + 15V, = 0

V, = 13.91/198.3°V
The current I, is given by

vV, 18.97/18.43°

L =— = = 759/1084°A —
-25  25/-90°

i, = 7.59 cos(4t + 108.4°) A
105
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Example 26- Mesh Analysis &vé‘?LoA o=l

— AN,

Fin@ the following circuit using mesh analysis Cf\) QSS%
SolTtion s 00 @ — Tlo
Z O S K
Applying KVL to mesh 1, we obtain = 10O
> 8I1+10(11-13)+-2j(11-12)=0 e I, i> 20,/90° V
(8 +]10 _jZ)I] - (__]2)12 __]1013 = O \
For mesh 2, » 20<90+ 412-12(12-13) 5i2(12-11) =0 8 Q § @“‘ 6: -2
4 — 2 — 2L, — (=21, — (—j2)I5 + 20/90° = 0 T

Formesh 3, I = 5

8 +8 2 |[1] [ 50
2 4-4|lL —30

A, 416.17/-35.20°

I, = = 6.12/-3522°A —»

A 68

= -1 =6.12/14478° A
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Superposition Theorem
differe

—AAN e
When a circuit has sources operating at nt frequencie
. Th S reqteney-rroeths.

asor circuit for ea SO i
solveumrdependently, and

The total response is the sum of time-domain responses of all

the individual phasor circuits. ZU'_') 00“096—>Q')\°f‘sf‘
Example Calculate v, in the circuit of figure shown below/“hé’l"r?gc“ﬂa'*‘_’ fen
the superposition theorem. 8Q
WA
+
?“/quﬂ/ % == 0.2 F 311{
\ A6
- T W

)"’ C Answer: V, = 4.631 sin(5t — 81.12) + 1.051 cos(10t — 86.24) V
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Example 27: Superposition Theorem

—AAN

O Calculate v1 in the circuit of figure shown below using the superposition theorem.

1/0° A

-5 Q
v, 1€ v,
l 100
J :
50 T_jmn i5Q 100 G)o.s[-omA
' L
-
Vi \£
5100
1/0° A D 4-j20 2+j40Q G 0.5/-90° A
Ref.
(b)

Answer:

First we redraw the circuit as Fig. b where each pair of parallel
impedances is replaced by a single equivalent impedance. That is,

5| —-jl0Qis4 — j2Q; j10| —;j5 Qis —j10 ©; and 10| 55 is equal
to 2 + j4 Q.

.To find V), we first activate only the left source and find
the partial response, V. The 1/0° source is in parallel with an
impedance of

(4 -2 N(=j10+2+ j4) and we have: V;;=(4-)2)*il
so that

@ = j2)(—j10+2+ j4)

Vi =140
w= A ji0+2+J4
—4— j28
-———=2-j2V
6—j8 J

With only the right source active, current division and Ohm’s law yield : V1 R= il’

2+ j4 5
Vir = (=0.5/=90°) 4—2)=~-1V
e (4—jz—jw+2+j4)(9
Summing, then,

Vi=mVy+Vig=2—-jj2-1=1-;2 \Y

108







Source Transformation

O d

O b

Example Find lo in the circuit of figure below using the concept of source

transformation.

20 j1Q

4,90° A(H)

Answer: : |, = 3.288+j99.46 A




Thevenin and Norton Theorems in AC circuits

oThevenin's and Norton theorems are applied to ac circuits in the same
way as they are to DC circuits

oThe ONLY additional effort is the need to manipulate complex numbers.

Ly,
Ny — o o ——oa
Linear Linear
+
circuit Vi <—> circuit Iy <*> Zy
0 b L—0 ) —O0 b b

Thevenin equivalent. Norton equivalent

Where; V4, = V,, oc IS the open circuit voltage (PHASOR) between terminals a-b,
I\=1,p.sc is the short circuit current (PHASOR) through the terminals a-b, and
Zy, is the input or equivalent IMPEDANCE at the terminals when the independent
source are turn off. 109



How to Find Thevenin Equivalent Circuit in AC circuits

« First, Open the circuit (remove the load) at the points of interest a-b
1- V4= Open circuit voltage (keep all sources intact). Note: Vth is Phasor

2- Z,= Open circuit equivalent Impedance appears at terminals a-b while all
independent sources=0 (voltage source=SC , current source=0C).

Linear
two-terminal
circuit

Load

Load

W ©

SOl < +089Q

SOl < +09

Original Circuit Thevenin equivalent circuit

110



Example 10.8- Thevenin Equivalent Circuit

Obtain the Thevenin equivalent at terminals a-b of the following circuit.

—ANA
Solution
1- For Zth

, —j6 X 8 _

Z, = —j6|8 = — = 2.88 — j3.84 Q)

8 — j6
Z, -4 j2=22%% 5620
2T AN E T gy T T

120/75° V @)

4

111



Example 10.8- Thevenin Equivalent Circuit
— AN

Obtain the Thevenin equivalent at terminals a-b of the following circuit.

Solution (continue)

2- For Vth

120 /75° 120 /75°
= A o ar
P 120,75°v ()

I, = A, I
1 8 — 6 2

Applying KVL around loop bcdeab

Vo — 4L, + (—j6)1; = 0 ‘
d
hl hz
480/75°  720/75° + 90° . §4Q
Vi, = 41, + joI, = + —-j6 Q —
™R AN T 8 — j6 v
120/75° V (i) e 20 o— ¢
= 37.95/3.43° + 72/201.87° a b
8Q j12Q
= —28.936 — j24.55 = 37.95/220.31° V % %




Example 10.9- Thevenin Equivalent Circuit

—ANA
Obtain the Thevenin equivalent at terminals a-b of the following circuit.
. 4Q  j3Q
Solution AT o a
I()
1- For Vth l
15/0° A 20 0.51
To find V-, we apply KCL at node 1 4 D f ’
_ _ —j4 Q
I5=1,+05I, = I,=10A T -
Applying KVL to the loop on the right-hand side
—1,(2 — j4) + 0.51,(4 + j3) + Vp, = 0 ‘
or - 2 O a
Vi, = 102 — j4) — 5(4 + j3) = —j55 ’
Thus, the Thevenin voltage is y> 05, Vg

VTh = 55/-90°V




Example 10.9- Thevenin Equivalent Circuit

— VNV
Obtain the Thevenin equivalent at terminals a-b of the following circuit.
. . 4Q Jj3Q
Solution (continue) AT o a
I()
2- For Zth l
15/0° A D 20 ¥ > 051,
To obtain Zpy,, we remove the independent source. Due to the T —j4 Q
presence of the dependent current source, we connect a 3-A current o b
source (3 is an arbitrary value chosen for convenience here, a number
divisible by the sum of currents leaving the node) to terminals a-b ‘
3=1,+ 0.5I, = I,=2A
Applying KVL to th loop in Fig. 10.26(b) gi 4:+j3Q \/ a 1
pplying to the outer loop in Fig. 10. gives s s
. . . I l +
V,=1,4+j3+2—j4) =26 —)) °
The Thevenin impedance is U 2-j4Q v o051, V, Q I,=3/0°A
V, 26—
Zy = 7 = (3J)=4—j0.66679. -
d - b 114




Trigonometric Identities

» Sie and cosine form conversions.

sin(A4+ B)=sin Acos Bt cos Asin B
cos(At B)=cos Acos BFsin Asin B

sin(wr +180°) = —sin wr
cos(wr £180°) = —cos wrt
sin(wt + 90°) = £ cos wt

cos(wt £90°) = Fsin wrt

Acoswt+ Bsin wt = C cos(wt —6O)
Where

C=+A’+ B> and 9=tan'1§

Graphically relating sie
and cosie functions.

T » +Cos wf

e

\ ]
+ sin wt

cos(wr—90°) = s wr

~-

\ 180°

|
+ » +COs w!
|
/

S

Y
+ sin !

sin(@r +180°) = —sin or

115



- End of Lecture

—AAN

Questions?
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