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star equivalent can be drawn as shown in Fig. E2.26(c), which is simplified using The 

etwork reduct duction techniques as shown in Fig. E2.26(d). 

ao 2 a 10 -ob 
49 89 

ob a'O 

FIG.E2.26(c) 
FIG.E2.26(d) 

Finally, to convert the network into T, the star configuration of impedances j22, 10SQ and 
4Q is converted to equivalent delta, as shown in Fig. E2.26(e). 

j2+10 =5+j2 Q 
-j4 

Z= j2-j4 + =0.8-2 
10 

Z =10-i44 =-10-j4 SQ 
j2 

5+2 

O- ob 

0.8-2 2 -10-4a 

a'O- Ob 

FIG.E2.26e 

2.6 THEVENIN'S THEOREM 
nevenin's theorem states that "for any two-terminal bilateral linear circuit consisting of 
nery sources and impedances can be replaced with an equialent circuit consisting of 
Sngle Thevenin's equivalent voltage source Vin series with a Thevenin a equivalent 
pedance (2,y". Thevenin's theorem is used to simplity a complex circuit comprising 
ny sources and impedances into its Thevenin's equivalent. 
he Thevenin's equivalent voltage is equal to the open cireuit voltage V, calculated 
emoving the load impedance (Z,). The Thevenin's equivalent impedance (Z,) is equal 

e etfective impedance obtained after shorting the existing voltage sources and opening 
e existing current sources. 

Onsider thc example shown in Fig. 2.9(a) to illustrate the application of Thevenin's 
theorem. 
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Z B 
A 

. 
FIG. 2.9(a) A circuit with source and impedances 

This circuit can be replaced by a Thevenin's equivalent circuit by replacing the n 

source Vs with Thevenin's equivalent voltage Va , and by replacing the impedances 2 

z, with the Thevenin's equivalent impedance Z, as shown in Fig. 2.9(b). 

FIG. 2.9(b) Thevenin's equivalent circuit 

Inspection of Fig. 2.9(a) and (b) reveals that the value of z, is not changed or repa 
the Thevenin's equivalent circuit. 

2 The subsequent steps are followed to calculate V and Z, for the circuit shown nc 
Step 1 (To find V7,): Open the load impedance at terminal CF as shown in Fig a"* 

B C 

F 

FIG. 2.9(c) Open-circuiting the load impedance 
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Eind the open circuit VOltage Th According to voltage division rule, 

Z, VV,Z+Z 
Step 2 (To find 2,): Short-circuit the voltage source , as shown in Fig. 2.9(d) 

Z 
B C 

D 
E F 

FIG. 2.9(d) Short-circuiting the voltage source 
Find the Thevenin's equivalent impedance Z,, as 

ZZ+ Z2 
Step 3: Construct the Thevenin's equivalent circuit with this Vr and Z, as shown in Fig. 
2.9(e) 

FIG. 2.9(e) Thevenin's equivalent circuit 

ample 2.27 For the circuit shown in Fig. E.2.27(a), find the current through 10 2 by 

using Thevenin's theorem. 
3 2 
ww ww 

10 2 2 2 9V 

FIG. E.2.27(a) 
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Solution 

(a) To find Thevenin s equivalent voltage V 
The load resistor 102 is open-circuited and the circuit is redrawn as shown in 

3 12 

ww- QA W-

22 VTh 
9V 

OB 
FIG. E2.27(b) 

Applying KVL to the circuit shown in Fig. E.227(b), we get 1+2/ =9 

I-3A or 

3 

Therefore, According to Ohm's law, V=VaB =3x2 = 6V (b) To find Thevenin's equivalent resistance, RT The circuit is drawn after deactivating all the sources, i.e., short-circuiting the 9V vo= source as shown in Fig. E2.27(c). 
A 3 2 1 

ww -OA 

2 2 
RTh 

OB 
FIG. E2.27(c) 

2x1 R3+ 3.6672 Therefore, 
(c) Thevenin's equivalent circuit is drawn as shown in Fig. E2.27(d). 

Rh3.667 Q 

RL 10 2 
VTh=6 V 

FIG. E2.27(d) 



Hence, the current through 102 load resistor, 

R +R 10+3.667 =0.439 A 
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Using Thevenin's theorem find the current in branch AB having 22 
Example 2.28 

resistor in the network shown in Fig. E2.28(a). 

22 1 3 A www- ww- ww 

2V 12 Q 4V 22 

wW ww 
12 B 12 

FIG. E2.28(a) 
Solution 

(a) To find Thevenin 's equivalent voltageV, 
Open-circuit the resistor 22 in the branch AB and then the circuit is redrawn as shown in 
Fig. E2.28(b). 

C 2 S2 E 12 32 
W- W 

4V 
2V 

12 2 

B 12 H D 
1 

FIG.E2.28( 
Applying KVL to the loop CEFDC, we get 

21, +12(,-1,)+1/, =2 

Applying KVL to the loop EGHFE, we get 

() 15/, -12/, =2 

1, +3/, +4+1/, + 12(/, -1)=0 

olving qn.(1) and Eqn.(2), we get 

(2) -12/, +171, = -4 

-0.126A and/, =-0.324 A 

TPAG+Vu +Vun = -0.324 x3+4-0.324xl = 2.704 Vv 
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(b) To find Thevenin s equivalent 
resistance Ry; 

The circuit is redrawn after open-circuiting 
the resistor 22 in the branch A 

Fig. E2.28(c) and further simplified as shown in Fig. E2.28(d). 

AB as showni 

A 
ww 

3S2 
22 

ww W 

RTh 
3+1 
4 2 12 

12 
RTh 

B 

FIG.E2.28d) FIG. E2.28C) 

[3x12 1x4 
13+12 
(3x12 3.4+4 
3+12 +4 

3.4x4 
=1.8382 Therefore, 

(c) Thevenins equivalent circuit across AB is drawn as shown in Fig. E2.28(e). 

RTh=1.838 

W- -O-

RL 22 Th 2.704 V 

B 

FIG. E2.28(e) 
Hence, the current through 22 resistor is 

I=- 2.704 
R,+R 1.838+2 = 0.705 A 

Example 2.29 Calculate the current through the 22 resistor in the circuit sno E2.29(a), using Thevenin's theorem. 

IAt) 2 2 

b FIG. E2.29(a) 
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Solution 

(a) To find Thevenin 's equivalent voltage V 
The circuit is redrawn after open-circuiting the 22 resistor as shown in Fig. E2.29(b). 

Using source transtornmation, the current source in Fig. E2.29(6) is converted into a voltage 

source as shown in Fig. E2.29(c). 

Oa 

12 
1 IA V 

VTh 

-O b 

FIG. E2.29(b) FIG. E2.29(0) 
Applying KVL to the circuit shown in Fig. E2.29(c), we get 

1/+11 +1=2, ie., I =0.5A 

Therefore, V=1V+1ll =1+0.5 =1.5V 

b) To find the Thevenin's equivalent resistance R 
The circuit is redrawn as shown in Fig. E2.29(d) after deactivating all the sources, i.e., 

Circuiting voltage source and open-circuiting current source. 

12 
Oa 

Re4 12 

b 

FIG. E2.29(d) 

1x = 0.5 Q 
1+1 

Therefore, 
Thevenin's equivalent circuit is drawn as shown in Fig. E2.29(e). 

VT1.5V 

RL 22 

RTh 0.5 2 

FIG. E2.29(e) 
he current through 22 resistor is 

I = 1.5 
= 0.6A 

IR+* R+R, 0.5+2 
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Example 2.30 Find Thevenin's equivalent for the circuit shown in 

W OA 

ig 
7 

52 w 

8Q 

6 S2 
SV 

8V 

OB 

FIG. E2.30(a) 

Solution 

(a) To find Thevenin 's equivalent voltage VT 

Applying KCL at node 1, we get 

-8 h-o 
8 7 

7-56+8-8/, =0 

15-8,= 56 
Applying KCL at node 2, we get 

-,%-5-0 
6 7 5 

35V, +30(,-V)+42(,-5) =0 
-30K+107V, =210 

Upon solving Eqn. (1) and Eqn. (2), we get 

Vn=V=5.620 V 

b To find Thevenin's equivalent resistance R 
The circuit is redrawn after deactivating all sources, i.e., short-circuiting tne 
as shown in Fig. E2.30(b). 

72 

Rh 
6 2 82 

FIG. E2.30(b) 
(5x6 
5+6 
5x6 
5+6+7+8 

Therefore, R=RAB= +5 = 9.389 Q 
+6 
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/c) Thevenin a equivalent circuit is drawn as shown in Fig. E2.30(c). 

RTh 9.389 Q 

-o A 

Th 5.620 v 

-o B 

FIG. E2.30(0) 

Example 2.31 Find Thevenin's equivalent circuit for the circuit shown in Fig. E2.31(a). 
4 2 

W 

- -oo a 

102 10 s2 6 S2 

100 V-
5 2 

o b 

FIG. E2.31(a) 
Solution 

(a) To find Thevenin's equivalent voltage Vr 
4 92 

ww 
62 

W -o a 

10 2 10 2 

52 100 V 

o b 

h 

FIG. E2.31(b) 

Applying KVL to the loop 'efihe', we get 

10(-1)+5/, =100 
Therefore, (1) 15 -10/, =100 

Pplying KVL to the loop 'cdgec', we get 

41 +10/+10(/, -1)=0 
(2) -10/, +241, = 0 

pon solving Eqn. (1 ) and (2), we get 



178 Circuit Theory 

=9.231A 

and 
1, =3.846A 

VT=V +V = 9.231x5+3.846 x 10 = 46.155 +38.46= 84 V 

(b) To find Thevenin s equivalent 
resistance Ra: 

The voltage source is short-circuited and the circuit is redrawn as shown in Fip Ea 

The circuit is further reduced as shown in Fig. E2.31(d), (e) and (1). 
E2.3( 

4 2 

10 9 10 62 
62 _10 

5x10-3.333 5+ 10 

10 2 

52 O b 

-o b 

FIG. E2.31(d) 
FIG. E2.31() 

4x 13.333 
4+13.333 
= 3.077 S2 6 

4 2 
M-

T 0a 
6 2 

10+3.333 
=13.333 2 

ob 

FIG. E2.31(e) FIG.E2.310 

From the simplified circuit, we get 

RT=9.0772 
(c) Thevenin's equivalent circuit is shown in Fig. E2.3 1(g). 

O a 

RTh9.077 2 

Vn 84.6145 V 

-O 

FIG. E2.31 (g) 
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Example 2.32 2.32 For the circuit shown in Fig. E2.32(a), find the current through the 1092 

esistor using enin's theorem. 

15 

w-
WVV 

10 2 

62 42 

22 

H-
100 V 

FIG. E2.32(a) 
Solution 

a) To find Thevenin s equivalent voltage V 

The circuit is redrawn after open-circuiting the 102 load resistor at terminals 'ab'as shown 

in Fig. E2.32(6). 

ww W-
62 22 15 2 

100 

49 2 
W-

ing KCL at node 1 for the circuit shown in Fig. E2.32(6), we get 
FIG. E2.32(b) 

-100 =0 
'6+4 2 

.5-100)+0.1K, +0.05V, =0 

=76.923 V 
Therefore, nV-V, = x4 x5 =V,-V,=6+415+ 

30.769-19.230 = 11.538V 
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b) To find Thevenin s equivalent resistance R 
The circuit is redrawn after deactivating all sources, 1.e., assigning all sources to. 
shown in Fig. E2.32(¢). 1The circuit shown in Fig. E2.32(©) is simplified as shown 

E2.32(d). 
in Fig 

NVT 6 2 
1SQ 15 52 6 S2 

2 2 b 2 2 

2 
42 5 2 

4 2 5 

FIG.E2.321 FIG. E2.32(c) 

Applying star-delta conversion to the star configuration of resistors 22,62 and 15Q in the 
circuit shown in Fig. E2.32(d), we have 

6x15+15x2+2x6132 66 Q R 
2 2 

6x15+15x2+2x6132=8.8 2 R 
15 15 

6x15+15x2+2x6132=22 2 R =-
6 6 

The circuit is redrawn with delta configuration as shown in Fig. E2.32(e) and further 

simplified as shown in Fig. E2.32(f). simplified as shown * 

* 66x (2.75 +4.074)= 6.185 Q Rp=R=6X(2.75+4.074) 

66+2.75+4.074 
= 6.185 2 Therefore, 

66 2 

R 
66 

Mm 22 2 

8.8 x 4 

Ro8.8+4 
ww 

22 xS 

Ra 2+5 
= 4.074 S3 

=2.75 $2 ww www 
4 2 

FIG. E2.32 (e) FIG. E2.32() 
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Thevenin equivalent circuit is drawn as shown in Fig. E2.32(g). 

RTh6.185 
ww-

VTh11.538V 

R 10 

FIG. E2.32( 
According to Ohm's law, the current through 102 load resistoris 

11.5380.713A. I= 
16.185 

Example 2.33 Using Thevenin's theorem, fnd the current through the 1Q resistor in the 
circuit shown in Fig. E2.33(a). 

2V 22 

3 2 

2 S2 

12 

FIG. E2.33(a) 
Solution 

(a) To find Thevenin 's equivalent voltage 
e Circuit is redrawn after open-circuiting the 12 load resistor and transforming the SA 

urent source to its equivalent voltage source as shown in Fig. E2.33(6). 

2 

MW 
3 S2 () 10v 

V 2 

FIG. E2.33(b) 
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Therefore, according to Ohm's law, the current through 12 resistor is 

I 0.19A 
4.2 

Exa vample 2.34 Determine the Thevenin's equivalent across the terminals A and B of the circuit shown in Fig. E2.34(a) 

15 
52 B 

M 20 V 
5 10 V 

15V 

FIG.E2.34(a) 
Solution 

The given circuit is redrawn as shown in Fig. E2.34(b). 
15V 1S 52 

W-

10 v 
20 v 

5 5 

B A 

FIG. E2.34(b) 

(a) Tofind Thevenin's equivalent voltage T 
Applying KVL to the circuit shown in Fig. E2.34(6), we get 
At loop 1, 

(5+15)20 

201A or 

20 
At loop-2, 

5+5)1, = -10 

=-1A 

Therefore, 
b) To find? Thevenin's equivalent resistance, R, 

=V=15-51 -5/, =15V 

circuit is redrawn after deactivating all sources, i.e., assigning all sources to zero as The 
shown in Fig. E2.34(c). 
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-

15 5 5a 

B 

FIG. E2.34(c) 
15x5 

RTRA 
15+ +5+ 3xs 

=11.25 Q 

c)Thevenin's equivalent circuit is shown in Fig. E2.34(d). 
RTh11.25 Q 

M- OA 

T 15 V 

OB 

FIG. E2.34(d) 
2.6 Calculation of Thevenin's equivalent impedance Z for the cireuit 

with the dependent source 
Different procedure is followed in calculating Thevenin's equivalent impedance (4) 
the circuit consisting of dependent sources. The dependent voltage and current sour 
kept as they are while calculating Z As an example, consider the circuit shown in Fig. 2.9(), consisting of a dependent 
NI 

R2 
R 

W- A 

V 
NI 

R3 

B 

FIG. 2.9(1) Step 1: Find the open circuit voltage V, by removing the load resistor R, as si 
2.9(g). 
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