0.1. Millman’s Theorem

0.1 Millman’s Theorem

Statement:

In a network if it contains a several voltage sources E1, E5, Ejs... with an internal impedances
Z1, Zy, Zs... , which are connected in parallel may be replaced by a single voltage source E
with internal itmpedance Z, where E and Z are

_ E1Y1 + E>Y3 + E3Y3

FE
Y1 +Yo+ Y3

and ) )
Z:—:i
Y Yi+Yo+Y3

Consider a network containing source F1, Es, Fj... with an internal impedances Z1, Zs, Zs... ,

*A

o B

which are connected in parallel is as shown in Figure 1.

Figure 1

Replace the each voltage source by current source with its internal resistance connected in parallel,
which is as shown in Figure 2

o A

Figure 2

All the current source are added to form a single current source I where I

I=L+DL+1;

Replace the impedances by a single impedance Z where Z is

Y_1_1+1+1
Z Zy Zy s

= :

Figure 3

Next the current source by voltage source E where E is

E E E-
:Il—l—fg—i-fg 7i+7§+7§

1 -1 1 1
Z ntm Ttz

E=17
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0.1. Millman’s Theorem

_ E1Y1 + EoYs + E3Y3

E
Yi+Yy+ Y3

and

Y_1_1+1+1
- Z Zy Zy s

Y=Y1+Y2+Y3

Dr. Manjunatha P Prof., Dept of ECE, JNN College of Engg Shimoga manjup.jnnce@gmail.com



0.1. Millman’s Theorem

2019-JULLY State and explain Millman’s theorem.

2019-JAN For the circuit shown in Figure 4 find
the current through (6 + j8)f2, impedance using
Millman’s theorem.

_ 60
109 Na15120° T 1100
j8Q
j10Q T
415.20°
415./240°
Figure 4
Solution:
11
Vi = —=—=0.1
! Z 10
1
Yo = —=—=—j0.1
2 7 g0 Y
1
Vs = —=—— =301
3 Zs  —ji0 7

Y = Y14+Ye+Y;3=0.1-7;0.1+;0.1
1

I
o

1
= — =109
1

~| =

EiY, 415 x 0.1 = 41.5

BY, = 415/120 x —j0.1 = 415120 x 0.1£ — 90
= 41.5/30 = 36 + j20.75

E3Y; = 415/240 x j0.1 = 41.5/330
= 36— 420.75

ErY1 + E2Ys + EsY3
Yi+Yo+Y3
41.5 + 36 + 520.75 + 36 — 520.75
0.1

113.5

0.1
= 1135

Millman’s equivalent circuit is is as shown in
Figure 5.

602
10Q

j8Q
1136.,0°

Figure 5
The current through (6 4 j8)<2, impedance is

;o E 1135
- Z+Zp 1046458
1135

1135
17.88£26.56
= 63.47Z — 26.56

16+ j8

2018-JULY Using Millman’s theorem find current
through Ry, for the circuit shown in Figure 6.

20 4Q 50 YL
20V 40 V 50 V §RL=9'4Q
Figure 6
Solution:
11
Y, = —=-=05
! Z 2
11
Yy = — =- =025
2 Zo 4
11
Y3 = — =-=02
3 Zs 5
Y = YVi+Ye+Ys=05+025+0.2
= 0.95
1 1
Z=—=—_ =105
Y~ 0.95
> Er\Y1 + EpYs + E3Ys
Y1+Yo+ Y3
20 % 0.5 440 x 0.25 + 50 x 0.2
N 0.95
30
0 0.95
= 3157

Millman’s equivalent circuit is is as shown in Figure

7.

1.052Q I

() 3157V R, =940

Figure 7
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0.1. Millman’s Theorem

The current I;, through Ry, is _
31.57 31.57 2014-JULLY Using Millman’s theorem find the

I, = 7+ 21 = 1.052 194 c1.1rrent I;, through Ry for the network shown in
— 3024 Figure 10.

2017-JAN Apply Millman’s theorem to find Vp and

Ip for the circuit shown in Figure 8. 20 3Q 4Q I
A -
. _ 10V 20V sov RFI0Q
100 =-J 15Q2
202 |V, .
() 100 V Figure 10
100V J100 VvV ly Solution:
\ 4
Figure 8 1 1
Solution: i = 7 =5= 0.5
1 1
Y = — = — = U.
1 1 2 Z, 3 0.33
Y1 = 7= 0 =0.1 1 1
1 Yé = —=-=0.25
oo L1 Zs 4
T n
1 1
Y; = == —50.2
3 Y = V1+Y,+Y3=05+0.3340.25
1.0833
Y = Yi+Ys+Y;=0.1+502— 502 , ,
_ 7 === = 0.923Q
= 0l Y ~ 1.0833
B T
yoool L _ Bt B+ B
5 - E1Y1 + EyYs + EsYs Yi+Yo+Ys
- Yy + Y + Vs _ 10 x 0.5 4+ 20 x 0.33 4+ 30 x 0.25
100 x 0.1 + 5100 x j0.2 4+ 5100 x —30.2 1.0833
= 19.16
0.1 - T
—30 1.0833

= 300
Millman’s equivalent circuit is is as shown in Figure
Millman’s equivalent circuit is is as shown in Figure 17

7.
A
0.923Q I
d 100
é 202 |V, (Y) 17.686 V R, =10Q
-300 (& |
(o)
v Figure 11
Figure 9 The current Iy, through Ry is
Thi t I7, th h i
€ curren L roug RL 1S ; B E B 17.689
[, - =300 _ —300 LT Z4 7, 17689410
Z+ 27 1042 = 1.61914
= 254

Vo = 25x2=50V
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0.1. Millman’s Theorem

2013-JAN Using Millman’s theorem find the current
I;, through Ry, for the network shown in Figure 12.

40

Solution:

Y1 = =0.25

&
N

Y, = =0.25

o
I
|
I

=0.25

Y1 +Ye +Y3=0.25+0.25+0.25
= 0.75

1 1
J=—=——=1.3330
Y 0.75 333
E1Y1 + EYs + EsYs
Yi+Y2+Y3
—4x0.25—-2x0.25+10 x 0.25
0.75

L
0.75
— 1333

Millman’s equivalent circuit is is as shown in Figure
13.

1.333Q Y!

L

1.333V §RL:109

Figure 13
The current Iy, through Ry, is

E 1333
Z+7Z; 1333410
= 0.1176A

I, =

2013-JULY Using theorem find the
current I through R; for the network shown in

Figure 14.

Millman’s

20 30 I

R, =100

1v 2V 3V

Figure 14

Solution:

i = =

I
—_

Y2 = _— =

N
Wl N = =]
I
<
ot

=0.333

Yi+Yo+Y3=1+0.5+0.333
= 1.833
1

1
7 = — = —— = 0.54540Q
Y 1.833 0-545

EqY1 + E3Ys + E3Y3
Yi+Yo+Y;
1x14+2x05+3x0.333
0.333

1

1.833
= 1.636V

Millman’s equivalent circuit is is as shown in Figure
15.

0.54540 I
() 1.63V R, =100
Figure 15

The current I;, through Ry, is

;o B 1636
L= 717, 05454+ 10
— 0.15524

2012-JULY Using Millman’s theorem find the
current I through R; for the network shown in
Figure 16.
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0.1. Millman’s Theorem

2Q0 40 50 Y
20V 40V 50 V §RL=9'4Q
Figure 16
Solution:
11
Y, = —=-=05
! Zi 2
11
Y, = — =-=025
2 Zs 4
11
Y3 = — =-=02
3 Zs 5

Y = 1+Y5+4+Y;3=05+025+0.2
= 0.95

1 1
Z =—==——=1.052Q
Y 095 05

ErY1 + E3Ys + E3Ys
Yi+Yo+Y3
20 x 0.5+40 x 0.25+ 50 x 0.2
0.95

30

0.95
= 3157V

Millman’s equivalent circuit is is as shown in Figure

17.

1.0520 I
() 3157V R, 9.4Q
Figure 17
The current I;, through Ry, is
I - E 3157 19-
L= Z¥7, 1052494
= 3.024

2012-JAN Using Millman’s theorem determine
voltage Vg of the network shown in Figure 18 given
that EFrp = 23040 V, Ey = 2304 - 120V Ep =
2304120 V.

j20Q2
R @ (000
E, @ —j=2=OQ <
E 2002
— LB @ ANN——
Figure 18
Solution:
Y, = le = j;o — —0.05
Y, = lez_jl,m:jo.%
Yy = 213 = % —0.05

Y = Yi+Ys+Y3=—-30.05+ 50.05+0.05

= 0.05

11
v = o5 = 200
E1Y; = 230 x —j0.05 = —j11.5
EyY; = 2302 — 120 x j0.05
EyYs = 2304 — 120 x 0.05£90 = 11.5/ — 30
E3Y3 = 2304120 x 0.05 = —j11.5

E3Y3 = 2304120 x 0.05 = 11.5£120

Er Y1 + EoYs + E3Y3
Yi+Y2+ Y3
—711.5+11.54 — 30+ 11.5£120

0.05
—j11.549.95 — j5.75 — 5.75 + j9.95
0.05

42— 573 842/ — 60

005  0.05
= 168.4/ — 60V

Millman’s equivalent circuit is is as shown in Figure

168.4)-60° V
~ 200

(" W—e
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0.1. Millman’s Theorem

Figure 19

Using Millman’s theorem determine current flowing
through (4 + j3) Q of the network shown in Figure
20

A
5130°
10Q2 24Q 130 3Q
4-30°

10130°%) : : 50 (Y

B

Figure 20
Solution:

Replace the current source and parallel resis-
tance by a voltage source

Z1 =10+ j10 = 14.14/45°Q
E; =10430 x 14.14445° = 141.4/75°
Similarly
Z3 =3 —jld=54—-53.13°Q
Es =4/ —30 x54—53.13° =204 — 83.13°

The modified network as shown in Figure 21

A
141.4)75° 530° 20/-83.13°
e L Ofsse ©fz-sss
14.14)45°Q ] 5-53.13 Q
Q
j30
B
Figure 21
v, = -1 oo/ a5
VT Z0 T 144s45
Y: = 0.05—50.05
11
Yo = — =-=02
2 Zy 5
Y, = — 1 =0.2/53.13°
5 T Zy T 5/—5313 U7
= 0.12+ 50.16

Y = Y1+Y,+Y350.12+ 50.16

= 0.37+40.11
= 0.386/16.56
7 = l—;—264—16569
Y 0.38/16.56 '
E1Y; = 141.14/75 x 0.0707/ — 45° =
= 9.978/30 = 8.641 + j4.989

EyY, = 5/30x0.2=1/30=0.8666 4 50.5
E3Ys = 20/ —83.13 x 0.2/53.13

= 4/ —-30=3.464 — 52

Eq Y1 + EpYs + E3Y3
Yi+Yo+Y;
8.641 + 74.989 + 0.8666 + j0.5 + 3.464 — 52

0.386216.56
12.971 + 53.489  13.432/15

0.386/16.56  0.386/16.56
= 168.4Z — 60V

Millman’s equivalent circuit is is as shown in Figure
19.

A
2.5911-16.56°0) f 10
25/34.45 30
B
Figure 22
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0.2. Thevenin’s and Norton’s Theorems

0.2 Thevenin’s and Norton’s Theorems

0.2.1 Thevenin’s Theorem

Statement:

Any linear, bilateral network with two terminals can be replaced by a single voltage source
Erpg in series with an impedance Zry, where the Erg is an open circuit voltage at the
terminals and an impedance Zry is the equivalent impedance as viewed from the terminals

wnto the network.

Any Linear,
bilateral
two
terminal
network

Figure 23

Proof:
Consider a network as shown in Figure 24. The
current in the terminal AB is

20 8Q
A
IL
40
10V
R, =10Q
- B
Figure 24
vV —-10 . \4 n v 0
2 4 18
V[0.540.25 4+ 0.0556] = 5
5
= — =6.02
v 0.8056 6.026
6.026
I;, = —— =0.34484
3 13 0.3448
e Step 1: Determine the Open Circuit
Voltage
10v (@
Figure 25
6ip—10 = 0
i1 = 1.666A
Erg = 1.666A x4 =6.667V

e Step 2: Determine the Tehevenin’s

Impedance

2Q 8Q
24 NMAN—e A

§4Q<‘I:| Z,,,=9.3330)

B

Figure 26

2x4
2+4

ZrH =8+ = 9.333Q2

e Step 3: Tehevenin’s Equivalent Circuit

Z.,=9.3330
AM-e A

@ E.,=6.667V

-——————e8B

Figure 27
e Step 4: Current through I is

Erg 6.667V

I = =
L= Zen+Zr 9333+ 10

=0344 A
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0.2. Thevenin’s and Norton’s Theorems

Z,,79.333Q
A
IL
E,,=6.667V (%) R, =10Q
B
Figure 28

0.2.2 Norton’s Theorem

Statement:

Any linear, bilateral network with two terminals can be replaced by a single current source
In in parallel with an itmpedance Zy, where the Iy is an short circuit current through the

terminals and an impedance Zy is the equivalent impedance as viewed from the terminals
into the network.

A
Any Linear, | |
bilateral L
wo z, M1,
termina
network | B I:D
Figure 29

0.2.3 Maximum Power Transfer Theorem

Statement:

In Any linear, bilateral network mazximum power is delivered to the load R; by the source
when the load resistance R is equal to the Thevenin’s resistance Rry.

Zy A
X A
Any Linear, I I,
bilateral L
two ZL @ ETH ZL

terminal
network I:>

B B

Figure 30
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0.2. Thevenin’s and Norton’s Theorems

Q 1) Find the Thevenin and Norton equivalent for
the circuit shown in Figure 31 with respect terminals
A-B

6Q 4Q

4Q A
\% MV A ¢ IL
96 V 120 120 20Q
B
Figure 31
Solution:

Determine the Thevenin voltage Vrg. Apply KVL
for the circuit shown in Figure 32.

6Q2 4Q 40 A
\4 ANV A‘/W_.

96 /D 129/9 120 Voo
B

Figure 32

18z —12y = 96
—12x+28y = O
By Solving

x=TA467TA y=324

Voo = 7.467 x 12A = 38.4V

ZTH [(6]]12) + 4]||12 + 4
= [4+4]||12+4
= 8|[12+4=48+14
= 8.8Q
6Q2 40 10 A
MV MN—e
120 120 =
I:QTH
°
B
Figure 33

To determine the short circuit current Apply KVL
for the circuit shown in Figure 34

6Q 40 0,

96 /D 12@ 12@ |
sC

Figure 34

18z —12y+0z = 96
—12z + 28y — 122
Oz — 12y + 162 =

By Solving

x=09.2124 y=58184 z=4.36A
Isc = Iy =z =4.36A

8.8Q2 A A

38.4 8.802

436 A (M)

B B
Thevenin’s Equivalent Norton’s Equivalent

Figure 35
Current through Ry is

Voo 384

Ir = = =1.334
E="R, 20188

Power through is
Pp = I?Rp, = (1.33)? x 20 = 35.56W

Maximum power is Ry, is

Voo 384
 Rv+R; 88488

I, =2.18A4

Pp =I7Rp = (2.18)% x 8.8 = 41.856W
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0.2. Thevenin’s and Norton’s Theorems

Q 2) Find the Thevenin and Norton equivalent for Figure 39
the circuit shown in Figure 36 with respect terminals ) 3) Find the Thevenin and Norton equivalent for
A-B the circuit shown in Figure 40 with respect terminals
A-B
10Q2 ZQ A
32V BQ
50 V o0 ]_OQ
Figure 36
Solution: Figure 40
Determine the Thevenin voltage Vrgy. Apply KVL .
o . Solution:
for the for the circuit shown in Figure 37. Determine the Thevenin voltage Vrg. Apply the
KVL for the circuit shown in Figure 41.
y = —24 152 — 5y+ = 50
16z —24 = 32
32 — 24 By Solving
Voo = 12[0.54 — (—2)].54 x 3 = 30V Voo =2Ax3 =06V
100 2Q
A
\ NN L
E!‘;?) F)%} 50V /D 5QD 3Q Ivoc
B 8
Figure 37 Figure 41
Zry = (4/12)+1 Zrg = [(10[|5) +2][[3
= 3+1=14Q = [3.33+2]||3
= 5.33]|3 = 1.92Q
40 1Q
WA 00 20 A
120 <&=
Ry 50 3N (=
og Rey
°
Figure 38 B
40 A A Figure 42
Determine the short circuit current by Applying
KVL for the circuit 43
30V 75A 40 152 —5y = 50
—Srx+Ty = 0
B B By Solving
Thevenin’s Equivalent Norton’s Equivalent r = 43754 y=3.1254
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0.2. Thevenin’s and Norton’s Theorems

Isc = Iy =y =3.125A Voltage across AB Voo = Vg is
100 20 A Voo = 6i=6x2=12V
\4 MW\ ¢
B
Figure 43
1.920
A f\ Figure 46
When dependant voltage sources are present
6 3.125 +> §1_92§2 then Thevenin Resistance Rrpy is calculated
A by determining the short circuit current at
terminals AB:
°
B B
Thevenin’s Equivalent Norton’s Equivalent
Figure 44
Current through Ry is
Voo 6
TR, 192410
Power through is Figure 47
Py =1I?R; = (0.503)% x 10 = 2.53W r—y—i
Maximum power is Ry, is KVL for loop x
Voo 6
I, = = = 1.5625A : _
L™ RN+ R, 1.92+1.92 120 =25 —6y —20 = 0

120 —2(x —y) — 6y = 20

P = I3 Ry, = (1.5625)? x 1.92 = 4.68W
10z —4y = 20

Q 4) Find the Thevenin and Norton equivalent for KvVT, for loop v

the circuit shown in Figure 77 with respect terminals

a-b —6z+16y = 0
6Q 2i 10Q 6x —16y = 0

Solving the following simultaneous equations

10z —4y = 20
6x —16y = 0

z=2.353 y=0.882

Figure 45

Solution: Isc =y =0.8824
Determine the Thevenin voltage Vry. Apply KVL

. .
for the circuit shown in Figure 46. Thevenin’s resistance is

By KVL around the loop v 12
Ry =52 = 2 — 1360
6i—2i+6i—20 = 0 Isc 0.882
100 = 20 Thevenin and Norton equivalent circuits as shown
i = 24 in Figure 48
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0.2. Thevenin’s and Norton’s Theorems

136 p A terminals AB. Apply KVL for loop x
6xr +2i,—12 = 0
12v 0.882 A (%) 13.6Q 6 —2xr = 12
12
B B ,
Thevenin’s Equivalent Norton’s Equivalent io =—v=—34A
Figure 48 Apply KVL for loop y
3y—2i, = 0
Q 5) Find the Thevenin and Norton equivalent for 3y—2(-3) = 0
the circuit shown in Figure 49 with respect terminals y = —6 — 94
a-b 3
60 30 Short circuit current Ig¢
IM oA ISC =Y = —2A
Thevenin resistance is Rrg
12V i
_ 21,
|
Ly
B
Figure 49
Solution:

Determine the Thevenin voltage Vrp. Apply the
KVL for the circuit shown in Figure 50. From the
figure it is observed that

Figure 51

ig = —T . .. .
Thevenin’s and Norton’s Circuits are as shown in

By KVL for the loop x Figure 52

3Q A A
6x + 2i, —12 = 0
6x —2x = 12
12 6V 2A 30
r = — =34
4
; B B

Thevenin’s Equivalent Norton’s Equivalent

Open Circuit voltage V¢ is
P & Figure 52

Voo = 2i, =2 x (=3) = -6V
Q 6) Find the Thevenin and Norton equivalent for
the circuit shown in Figure 53 with respect terminals

a-b

60 30
AN—9 A .
|
X o
12V 2i, Voc
i 200
—> 4 mwyyy oA

ia
Figure 50 24 \/ ‘D 4A C*) ¢§ 8Q

When dependant voltage sources are present
then Thevenin Resistance Rppy is calculated
by determining the short circuit current at

®B
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0.2. Thevenin’s and Norton’s Theorems

Figure 53 2Q A
Solution: 5 A
Determine the Thevenin voltage Vppg for circuit 4A
shown in Figure 50. It is observed that 24V lsc
Vo = 24 B
. Vi
lqg = 3 Figure 56
8
Rrg =-=1Q
TH = 3
QA A
8 8 A (D 10
VOC
B B
Thevenin’s Equivalent Norton’s Equivalent
Figure 54
Apply (KCL) node voltage for the circuit shown in Figure 57

Figure 54 for node 1
Q 7) Find the Thevenin and Norton equivalent for

Vi — V- Vi the circuit shown in Figure 58 with respect terminals
L2 4 43, = 0 ° P
2 ) a-b
Vi—24 V; V;
! F4+ L4321 = 0 V,
RS e
i W Vi y
UL TV
vV, = 8 3 ma(®) V.Soko  SA0KQ
To find the short current Ig. short the output
terminals a and b. *B
Figure 58
Solution:
v Determine the Thevenin voltage Vg by apply node
V. L A voltage method for the circuit shown in Figure 59
ia¢
24V "o s B T
2kQ  40kQ B
B 0.5x 1073V, +0.025 x 1073V, = 3x 1073

0.5V +0.025V, = 3
Figure 55

When it is short circuited the current I, = 0 It is observed that
then dependent source becomes zero. The modified

circuit is as shown in Figure 56. Vo=
—24 _ _
V12 YA4 T = 0 i—Veo = 5V,
0—24 i-Va-5k =
+4+1Is¢c = 0 Vi—Va=-51 =
Isc = —4+12=8A Vi +Vy =
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0.2. Thevenin’s and Norton’s Theorems

Solving following equations 200

2Q
\ L AN
0.5V1 +0.025V, = 3 >
AV 4V = 20V 5 280
Vi =75V, Vo =-=-30V ® B
v, Figure 62
v, v, .
+ H>—T—eA Solution:
+ Determine the Thevenin voltage Vrgy by applying
3mA +> Va§2kQ <§4OI<Q v KVL for the circuit shown in Figure 63. It is
) oc observed that there is a current source between two
loops, hence apply supermesh analysis.
B
Figure 59 y—x = di =05
Determine the short circuit current Igo for the 6xr—y = 0
circuit shown in Figure 60. It is observed that 40 20z +10y = 20

kQ is also shorted hence entire current is flowing
through shortened terminals AB. Solving the above equations
xr = 3mA x=0.25A y=15A

= —x=-3mA Voo = Vrg = 1.5A x 8Q = 6V

20Q
Voo = —-30V
Vi —-30V '
ZrH = IOC =5 1= 1082 e U !
s¢. Tom 20 V
s, ] e
S A
A NV | .
amA V. 30k _; 40kO | igure 63
) 3 sc Determine the Igc for the circuit shown in Figure
64.
B
. y—x = 91 =05z
| Fgwoso I
;Sflhevenm and Norton circuits are as shown in Figure 0z +2y = 20
10kQ A A Solving the above equations
°
x =0.625A y=3.T5A
30V 3mA (V) § 10Kk
A
. |V
B B 20V bllse
Thevenin’'s Equivalent Norton's Equivalent
Figure 61 ' B
Figure 64
Q 8) Find the Thevenin and Norton equivalent
for the circuit shown in Figure refThevenin- Voo 6
- . inale Zrg = =— =160
dependent8-1 with respect terminals a-b TH =7 <o 3.75
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0.2. Thevenin’s and Norton’s Theorems

16Q A A Applying KCL for the circuit shown in Figure 68.
* Vi =0V
6V 3.75 A D S1.6Q E_2+VC_VA 0
5 1
02V +1Vp = 2
° 2
B B Vo = 13- 1.67V
Thevenin’s Equivalent Norton’s Equivalent )
Figure 65 @ - % +Isc = 0
- Vo  02V¢
Q 9) Find the Thevenin and Norton equivalent for 1 92 = —Isc
the circuit shown in Figure 66 with respect terminals 1.67 0.2 x1.67
a-b + = ISC’
1 2
10 ¢ 10 Isc =1.674+0.167 = 1.837A
MAN 1 oA
-V + 10 c 10
MAN A
4Q 2 A(D i -y, +
2 v
40 2 A Vi lsc
B 2
Figure 66 ) B
Solu.tion: . o Figure 68
Determine the Thevenin voltage Vpy for circuit
shown in Figure 67. It is observed that Voo 29
Zrg = —— = =120
Ve Isc 1.837A
v, = — X 1=0.2V¢
5 120 A A
Apply KCL
%_2_% ~ 0 22V 183A()) 120
Vo _ 2—-0.2x Ve =0
5 2 B B
0.2Ve —0.1Ve = 22 Thevenin's Equivalent Norton’s Equivalent
Vo = — =20
0.1 Figure 69
By Test voltage method. Apply a test voltage
Voo = Vo = Ve+1x U1 of 1 V at the output terminals AB and
2 determine the applied source current. The
= 2041 x 0.2 x 20 modified circuit is as shown in Figure 70.
2
= 22 1Q 1Q v
—VW——AW—2 *A
- v +
\ A T L
- + § Vv + _
2 40 /D El <+>/D (—) VS =1V
4Q 2 A<+> Y Voc
2 oB
B
Figure 70
Figure 67 It is observed that
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0.2. Thevenin’s and Norton’s Theorems

30 C 50
A
vy = —loz=-x \";
(%1 —X X
y—r = 575 3Q - 10A<+> % Voc
05z—y = 0
B
By supermesh analysis method
Figure 72
6r+1 = 0 . Applying KCL for the circuit shown in Figure 73.
T = —e= —0167A Vi= 0V
y = 0.5z =0.5x(—-0167A) = —0.0833A
Ve Ve —Va
The circuit impedance is 6 10 + — 5 0
W 0.166Ve + 0.2V = 10
Zrg = ————— = 12Q)
TH = 503334 0.366V¢ 1010
Vo = ——==2727V
— ¢ 0.366
Q 9-1) Find the Thevenin and Norton equivalent for
the circuit shown in Figure 71 with respect terminals Va—Vo V,
5 4
30 50 Vo B 0.5Ve _ g
AWV o A 5 4 5¢
+ 27.27 0.5 x27.27
V, \V/ ) 4 = Isc
3022 104 " Isc = 5.454+3.408 = 8.8624
oB 3Q C 50
MV A
Figure 71 \’; v
Solution: 3Q 10 A *) Vi lsc
Determine the Thevenin voltage Vppg for circuit 4
shown in Figure 72. It is observed that 5
Vi
vy = ?C x 3= 0.5V Figure 73
Apply KCL Gy — YOO _ 39038 0
TH = Tec ~ 8.8624
VC Ve
——-10—-— = 0
6 4 440 A A
E—lO—O'E)VC _ 0 —AA——e °
6 4
Ve(0.166 — 0.125) = 10
+
0.0416Vy = 10 398.38 V() 8.86 A(®) § 440
Vo 240.38
L e °
. B Norton's B
v, Thevenin’s Equival
Voc =Vrn = Vo+5x Equivalent quivalent
0.5V
= 2403845 x —-¢ Figure 74
0.5 x 240.38 —
= 240.38+5 X 4 Q 10) Find the Thevenin equivalent for the circuit

240.38 4 150 = 390.38

shown in Figure 75 with respect terminals a-b
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0.2. Thevenin’s and Norton’s Theorems

A 2V,
o A
i1
. 40 2Q2
2|X<+> 20 20
MY MN—e A
B + >
5A 403V, 260
Figure 75 )
Solution: *B

For this circuit it does mnot have any
independent sources. Apply a test voltage
of 1 V at the output terminals AB and Solution:
determine the applied source current. The Determine the Thevenin voltage Vpg for circuit

modified circuit is as shown in Figure 76. shown in Figure 79.

Figure 78

2v

\A iT A %}_
240 2 20 () i 2@ 20

0] AM AM_.A
+
B 5A %}’Emévxh 260

2i

Figure 76
It is observed that o
o ﬁ Figure 79
T 2
= —05V =5

It is observed that

Apply KCL for the node V; vy = 4(x—y)

Vi W vy = 20—4y
42—, = 0 g
4 2 ) KVL for the mesh z
V1[0.25 + 5] +2(—=0.5V1) — i, = 0
Vi[0.254+.5—1—i, = 0 —20; +2(z—y) = 0
—i, = 0.2513 6y +22z = 40
KVL for the mesh y
Rop= - M _yq 4 +2 +6y = 0
TH — 7:0 - 025‘/’1 - (y SU) (y Z) Yy =
—dx+12y -2z = 0
Q A —4x54+12y—2z = 0
—20+12y—22z = 0
12y -2z = 20
Solving the following linear equations
B 12y — 22 = 20
Thevenin’s Equivalent 6y +2z = 40
Figure 77 Yy = 3.33A x = 10A

Voo =6y =6 x 3.334 =20V

Q 11) Find the Thevenin equivalent for the circuit Short circuit the output terminals AB and determine
shown in Figure 78 with respect terminals a-b the short circuit current Igco
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0.2. Thevenin’s and Norton’s Theorems

o 2
2

20 20
AM——AA—¢ A 2 20
+ v VWV A
< y k .
5 A ’amgvx 260 D loe + B
: 103y, ) 260 7) (Vv
Figure 80 B
r=5 Figure 81

) It is observed that
It is observed that

vy = —4y
ve = Az —y)
vy = 20— 4y Apply KVL for the mesh x
—2v; + 2(x — = 0
KVL for the mesh y z ( Y)

Vg = T—9
Ay —x)+2(y—2) +6y—6k = 0 4y = x—y
—dx+12y —22—6k = 0 r = -3y

—4x 5412y — 2z — 6k

Apply KVL for the mesh y

—20+12y —22—-6k= 0
12y — 22 — 6k = 20 —2e4 12y -6z = 0
—2(=3y)+12y— 62z = 0
KVL for the mesh z 18y —6z = 0
22 =2y —2v, = 0 Apply KVL for the mesh z
—2y+22—-40+8y = 0 ) ) ) '
9y +2:—-2(20—4y) = 0 Solving the following simultaneous equations
6y +22z+0k = 40 18y —6z = 0

—6y+82 = -1
KVL for the mesh k

y = —0.055, z = —0.166
io=—z=0.166A
Solving the following equations Ry — Vo _ 4 — 60
T =, 7 0.166A
12y =2z -6k = 20 The Thevenin and Norton circuits are as shown in
6y +2z4+0k = 40 Figure 82

—6y+0z+8 = 0 333Q A

—6y +02+8k = 0

y = 4.44, > = 6.667, k = 3.333

Isc =k =3.333 20V 0.882 A D 6Q

Ve 20
Zry = -2 = = =60
TH = 7o~ 3333

Alternative Method: To determine the short B B
circuit current Igc, apply a test voltage of 1 Thevenin’s Equivalent Norton’s Equivalent
V at the output terminals AB and determine

the applied source current i,. The modified Figure 82

circuit is as shown in Figure 81. —_—
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0.2. Thevenin’s and Norton’

s Theorems

Q 13) Find the Thevenin equivalent for the circuit

61,

e A

<5
4Q§

tgeg

(D——5
20V
Figure 83
Solution:
101, —61,+20 = 0
4I, = =20
—-20
I, = — =-54
1 5
Voo = —-5Ax6=-30V

oC

20V
Figure 84
I,=0
4I, +20 = 0
20
I, 7= 5A
Isc = bHA
61,
<D R
\/+ A
4Q
§ L § 6Q lsc
)
Y ¢B
20V
Figure 85

_Yoc _ 30
ZN_ hC__5 = 60
6Q2 A A
—AAN——@ ®
s0v(®) 5A®%) 2 60
e ®
_ B
Thevenin’s Norton’s
Equivalent Equivalent
Figure 86

8Q

12V
20V
220
5Q
Figure 87
Solution:
Tr—20 = 0
2
T = 70 = 2.857TA
Voo = xx2—-12
= 2857 x2-—-12
6.29V
8Q
—MW—( e
12V
20V
)
§ZQ Vi
5Q ocC
Figure 88
2x5
Z = 8
TH TR
1
= 8+ 70 = 2.857A
= 9430

Q 14) Find the Thevenin equivalent for the circuit
shown in Figure 83 with respect terminals a-b
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0.2. Thevenin’s and Norton’s Theorems

5xj2  2x—j2

8Q2 A =
AB 5452 2-j2
= (0.689 + j1.724) + (1 — j1) = 1.689 + j0.724
5Q 20 R
TH
Iyp = _Yab
° Zap+4
—156
Figure 89 = 16‘69,40
1.689 + j0.724 + 4
0430 A = 291/ -163.25
Q 16) Find the Thevenin and Norton
9.430 equivalent circuit between terminals A-B for
6.29 V 0.66 A $> ' the circuit shown in Figure 93.
B3O
50 20
A
B B
Thevenin’'s Norton’s .
Equivalent Equivalent 30207V T %Js & 6Q
Figure 90 B
Q 15) For the circuit shown in Figure 91 )
. . . Figure 93
Find the Thevenin and Norton equivalent .
circuit with respect terminals A-B Solution: .
Solution: so Vi 20 2O
50 A 4Q B 20
A —e——AAN————
—
1.\7
50£0° V %JZ Q oy 32 Q T®504900 v
== Figure 94
Figure 91 Va—50 Vi . Vi
50 A B 20 5 J5 2473
—e T WV V0.2 — 50.2 4+ 0.153 — j0.23] = 10
TKID % . ‘D 0.353 — j0.43 = 10
50£0° V ] —-2Q o
T ey socer v Ve — 10_
0.353 — j0.43
= = 184£50.6°
Figure 92 50 o B¢
A
50£0° s
V4 = 2 6Q
4T 5
= 18.57./68.2° —*B
Figure 95
~50490° .
B = 9t ,
= 35.35/45° Zap = ||22D] 4 @24 3)| ll6
5+ 75
= [(2.54+j2.5)+ (2+43)]||6
Vap=Va—Vp = 18.57£68.2° — 35.35/45° = [(4.5+ 55.5)]||6
19.69/ — 156° = 3.31+j1.4=3.6/23°
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0.2. Thevenin’s and Norton’s Theorems

Va  18/50.6°
2443  2+33
= 14.99/ —5.71°

Iy =

Q 17) Find the Thevenin and Norton
equivalent circuit between terminals A-B for
the circuit shown in Figure 96.
sQ

50 A3Q 40
50£0° V T z, 25/90° V
B
Figure 96
Solution:
so 2230 40
500" V T /—1\4 25.290° V
B

Figure 97

50£0° — 252£90°

I = = 6.933/ — 33.7°
8+ 41
Vap = 50£0°—6.9332 — 33.7° x (5 + j5)
— 0.79/ — 78.65°
sq P2 ag 40
ZAB

!

B

Figure 98

(5445) x (3 —44)
8+ 41
= 423-j1.15Q

ZAB =
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