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The star equiva.xlent can.be drawn as shown in Fig. E2.26(c), which is simplified using
Jetwork reduction techniques as shown in Fig. E

2.26(d).
_j2Q 2Q b
pod o 21T 1o to— pa b 10a |—ob
Ae| | se [\l\ [
Y \j e -j4Q
-j4Q
1
40 < —O0 b 2 O———— _4L__._,,.w,

- O p
FIG. E2.26(c) FIG. E2.26(d)

guration of impedances j2 ), 10Q and
Fig. E2.26(e).

Finally, to convert the network into T, the star confi
-4Q is converted to equivalent delta, as shown in

Z, = j2+10+42%10

— +Jj2Q
— i a4, J2X—j4 :
oo 10x—j
Zo=10-j4+-22"J4_ 15 s q
j2
5+2Q
ao0— Zy —ob
08-2Q | z, Zc |-10-jaQ
a'o ‘Ob'
FIG. E2.26(e)

2.6 THEVENIN'S THEOREM

Thevenin’s theorem states that “for any two-terminal bilateral linear circuit consisting of
energy sources and impedances can be replaced with an equivalent circuit consisting of

4 single Thevenin s equivalent voltage source Vy, in series with a Thevenin's equivalent
i

"Pedance (Z,,)". Thevenin’s theorem is used to simplify a complex circuit comprising
Y sources and impedances into its Thevenin’s equivalent.
The Thevenin’s equivalent voltage is equal to the open circuit voltage ¥,, calculated
Y Temoving the load impedance (Z,). The Thevenin’s equivalent impedance (Z,,) is equal
effective impedance obtained after shorting the existing voltage sources and opening
eXisting current sources,

teg nsider thc example shown in Fig. 2.9(a) to illustrate the application of Thevenin’s
tem,

-
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E F
SeWRIGN A circuit with source and impedances

This circuit can be replaced by a Thevenin’s equivalent circuit by replacing the .
source ¥, with Thevenin’s equivalent voltage V7, , and by replacing the impedances;
Z, with the Thevenin’s equivalent impedance Z , as shown in Fig. 2.9(b).

C

)
S

+ Zmn

Vin Z

o—
F
HERXIIW Thevenin's equivalent circuit

Inspection of Fig. 2.9(a) and (b) reveals that the value of Z, is not changed or repls
the Thevenin’s equivalent circuit.

The subsequent steps are followed to calculate V and Z,, for the circuit shown inFig.>
Step 1 (To find V,

V14 ): Open the load 1mpedance at termmal CF as shown in Fig 29¢

A B C
g
| zZ
+ ——] | [
v, 2, _
Vrh
e ._———{J)
\ D E F

Open-circuiting the load impedance
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Find the open circuit voltage V,, . According to voltage division rule,

Ve =V, x

§

Z,+2Z,

Step 2 (To find Z_,): Short-circuit the voltage source 17‘ as shown in Fig. 2.9(d).
A A

(?_ﬁ B C

Zty,
O— —0 — 0
D E F

FIG. 2.9(d) Short-circuiting the voltage source

Find the Thevenin’s equivalent impedance Z, as

— Zl ZZ
" Z,+2,
Step 3: Construct the Thevenin’s equivalent circuit with this V., and Z_, as shown in Fig.
2.9(e)
C
[ ] O—
| I ~
+ Zm
Vi 4
F

SIeWRIC)N Thevenin's equivalent circuit

ST ®TA For the circuit shown in Fig. E.2.27(a), find the current through 10 Q2 by
“5Ing Thevenin’s theorem.

2 <
9V ; 2Q P. 10Q
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Solution

' V..
(a) To find Thevenin's equivalent voltage V.,

) : -circuited and the circuit is redrawn ag shown i Fig
The load resistor 102 18 open-C . ° - . 5227‘

[«/vv»_ ———WW—— 04

9vt /D +§ 2Q V]n,
. ; -
[ |

Applying KVL to the circuit shown in Fig. E.227

(b), we get
U+21=9
9
I===3A
or 3

Therefore, According to Ohm’s law, V, =V, =3x2= 6V
(b) To find Thevenin 5 equivalent resistance, R,
The circuit is drawp after deactivatin

g all the sources, i.e., short-circuiting the 9V volt
source as shown in Fig, E2.27(c).

2x1
Therefore, =34 22
&'h 2 + 1

circuit is drawp as shown ip Fig. E2.27(d).
—— —_— _-O

=3.6670Q
(¢) Thevenin’s equivalent

R'|'|, =3.667 ::'
\) <>
+ g Rl- =10 Q
Vm=6v ~ - ; 9
- L
— O
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¢, the current through 10Q) load resistor,
2 : =0.43
R, +R, 1013567 V4394

Hen¢

L=

T kM Using Thevenin’s theorem fing the c

_ urrent in branch AB having 2Q
resistor in the network shown in Fig, E2.28(a).

2Q 1Q A 30
F\/\NV\’_\'\—/V\/V\V%
+ +
2V § 120 § ’0 — av
AM——
1Q B 1Q
FIG. E2.28(a)

Solution

(a) To find Thevenin's equivalent voltageV_ :
Open-circuit the resistor 2 in the branch AB and then the circuit is redrawn as shown in
Fig. E2.28(b) .

C 2Q E 1Q A 3Q G
M M ——— W\

1
% |
C)
AN\
)
Le]
C)
|
j—
-
-

FIG. E2.28(b)

Aooly g KVL to the loop CEFDC, we get
21, +12(1, - 1,)+11, =2
151, 121, = 2 )
nly MgKVL to the loop EGHFE, we get
U, 430, + 4410, +12(1, = 1,)=0
~121, 4171, = 4 @
“Eqn.(1) ang Eqn.(2), we get

I, =~0.126A and/, =-0.324A
Vo ——0324x3+4-0324x1=2704V
HB

J]”

Vih =V, + Vg +
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ce Ry,
Thevenin s equivalent e esistance Ry

tor 2€2 in the branch AR as 4

To find the resis
e Gt s 1 o o in Fig. £2.28(0). b
Fig. E2.28(c) and further simplified @ . «'A‘A)A

2Q e A I8
et |
R_._’ 31 s .;*
’, é|2g - " T a0 b3 124 1Y)
i o Rrn J 1 i
L awnw——— . B

3x12
- +1{x
3+12 l 34x4 0
Therefore, Ry, = = =1.838
3x12 w144 34+4
3+12
(c) Thevenin's equivalent circuit across AB is drawn as shown in Fig. E2.28(¢).
RTh: 1.838 Q A
NNN——-o0
L
Vip=2.704V -] R =2Q
1
I C
B
FIG. E2.28(g)
Hence, the current through 2.0 resistor is
] = Vo 2704

Ry +R, 183855~ 0705A

ST XRIN Calculate the o the ¢

. Ul‘rent t ary e
E2.29(a), using Thevenin’s theo through the 2Q resistor in the circuit showt "

rem,

1Q
’ AN,

2V <
IQ <
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Solution

(a) To find Thevenin s equivalent voltage V_:

The circuit is redrawn after open-circuiting the 2 resistor as shown in Fig. E2.29(b).
Using source transformation, the current source in Fig. E2.29(b) is converted into a voltage

source as shown in Fig. E2.29(c).
1Q

N
<
r===-=-=-"
o)
>
<
N
~

)3

FIG. E2.29(b) FIG E2 29(c

Applying KVL to the circuit shown in Fig. E2.29(c), we get
U+ +1=2 ie, I=05A
Therefore, Vo =W +1I=1405=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.,
short-circuiting voltage source and open-circuiting current source.

1Q
—WVWW— Oa

1Q <j Req

4Ob

FIG. E2.29(d)

Therefore, - _Ix1 —05Q
B = 1+1
(¢) Thevenin'’s equivalent circuit is drawn as shown in Fig. E2.29(e).

V=15V

The curren through 2 Q resistor is
V,, 1.5
R, +R, 05+2

L=
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for the circuit shown in ety . :

: <emin’s equivalent
Example 2.30 Find Thevenin's €4 . . V

5Q

g WA Mo

sV > +

+
AN
ey }»—-’V\/\/
o
<

Solution

(a) To find Thevenin s equivalent voltage Vo
Applying KCL at node 1, we get

8 7 '
7V, — 56+ 8V, —8V, =0
15V, —8%, =56

Applying KCL at node 2, we get
v, V,-V, V,=5 _
6 1 5
35V, +30(V, —V,)+42(V, -5)=0
-30V, +107V, =210

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

: Vy, =V, =5620V
(b) To find Thevenin's equivalent resistance R,
The circuit is redrawn after deactivating all sources i.e., short-circuiting the voltage ™

as shown in Fig. E2.30(b).
5Q 7Q

—MA————— AAA T~»~—~\’\\~*
L

4-—-—'1‘“

V

>) 6Q RQ

7
|

[5><6 N 7]
x 8
Therefore, R, =R, = 546 )

AB T
6
546 + 8

+5=9389Q
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(c) Thevenin's equivalent circuit is dygy, as shown in Fig. E2.30(c).

Rm,=9.389 Q

———MA—— oA

Vin=5.620V “__L

LI IS

m Find Thevenin’s equivalent circuit for the circuit shown in Fig. E2.31(a).

4Q
—— VW —
—VVW\—o 2
10Q 10 Q 6Q
-+
100V — 50
‘li —ob

FIG. E2.31(a)

Solution

(a) To find Thevenin's equivalent voltage Vo

4Q
c

AV~
12: 6Q
e %—w—g—W% N
109 10 Q
i 5Q
100V _ — §
T .2
ob
h 1
FIG. E2.31(b)

APplying KVL to the loop ‘efihe’, we get

10(1, — 1,)+ 51, =100
Thcrefore, 151, =107, =100 W
A pplying KVL to the loop ‘cdgec’, we get

41, +101, +10(1, —1,)=0

—~10/, +241,=0 )
Upon solving Eqn. (1) and (2), we get

-~
-
-
.
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I =9.231A
I,=3.846A
v, =V, +V, =9231x5+3

and

(b) To find Thevenin 5 equivalent resistance R, |
circuited and the circuit is redrawn as shown in Fig. )y
Sl

The voltage source is short-
The circuit is further reduced as shown in Fig. E2.31(d), (e) and (D).
4Q

4Q W]

10Q R ut e !
a VVVV VVVYV "_/\/\/\/\/—Oa
10Q 6Q :_ ______ 129___: 60
50 <9 Rm %—}%=3.3339 Ghy
b Ob

4x13.333
4+13.333

10 +3.333 |
=13.333Q

I
[ .

FIG. E2.31(e) w

From the simplified circuit, we get
R, =9.077Q

(c) Thevenin’s equivalent circuit is shown in Fig. E2.31(g).

g -
Ry, =9.077 Q
+T
Vin=84.6145V
S —— I |,
'FIG. E2.31(g)

L f
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Wr the circuit shown in Fig E2.32(a), find the current through the 10Q
tor USing Thevenin’s theorem.

reSi b

15Q 50

109§

6Q 4Q

2Q

|
+ ‘ | 1
100V
FIG. E2.32(a)

Solution

(@) To find Thevenins equivalent voltage V., :
The circuit is redrawn after open-circuiting the 10 Q load resistor at terminals ‘ab’ as shown

inFig, E2.32(b).

—ANA—AMA,——
2Q 6Q 15Q

‘ ‘a L@

) 4Q 58
T
Anplv: . e

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

V,-100 ¥, L —0
+ PR J—
2 6+4 5+15

0.5(; ~100) +0.17;, +0.05%, =0
V=16.923V

=30.769 —19.230=11 538V

N
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(b) To find Thevenin's equivalent resistance R,

The circuit is redrawn after deactivating all sources, i.e., assigning all sources 2
shown in Fig. E2.32(c). The circuit shown in Fig. E2.32(c) 1s simplified ag showp, :]r(’.ﬁx
E2.32(d). Fiy

~ANA—— ]'« ANV ——

[

|

! \/f//

i 6Q 15Q 150

L |
Q o a b

> ¢ ',

! i

|

| AT VW — |

5 4Q 5Q VWA,

, 50

FIG. E2.32(c) | | FIG. E2.32(9 |

Applying star-delta conversion to the star configuration of resistors 2, 6 Q and 15Q in
circuit shown in Fig. E2.32(d), we have

_6x15+15x2+2><6_132

R, =66 Q
2

R = OXIS+15x2+2x6 132 o0
15 15

R — 6><15+156x2+2x6:122:220

The circuit is redrawn with delta configuration as shown in Fig. E2.32(e) and further
simplified as shown in Fig. E2.32(f).
_ 66x(2.75+4.074)

Therefore, =R, = =6.185Q
R = Ry 66 +2.75+ 4.074
66 Q
NN ——— |
1 I
| | ~ | a [
[ ! S | t }
' ! - ! 8.8 x 4 |
: : ' ! Ry~ 88+4 |
' ! YAV, V, pe———V\V\V) Ve
, ' ' | =275Q 2x5
| VWMWY AN | R, = 33+ 9
[ — - J L - e e e - 4 V .

FIG, E2.32(e)
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n Thevenins equivalent circuit is drawn as shown in F ig. E2.32(g).

Ry, = 6.185 Q
—WA———
+
Vp=11538V T
- T § R.=10Q
I
FIG. E2.32(g)
According to Ohm’s law, the current through 10Q load resistor is
(=133 ha13A.
16.185 ‘

EZLEEPEEY Using Thevenin’s theorem, find the current through the 1Q resistor in the
circuit shown in Fig. E2.33(a).

2Q

A
AW h4d

3Q

YORE i On

FIG. E2.33(a)
Solution

@) To find Thevenin's equivalent voltage V,: . | )
The circuit is redrawn after open-circuiting the 12 load resistor and transforming the SA
current source to its equivalent voltage source as shown in Fig. E2.33(b).

2V ’Q

v

FIG. E2.33(b)



Network Reduction and Theorems
Therefore, according to Ohm’s law, the current through 1) resistor is

0.8
I=—=0.19
42 A
Example 2.3 Petemine thé_The“vﬁehiﬁ‘?é_qlfiv'él‘ent*at:"rgé'sé‘iﬁ_é‘téﬁﬁ‘ihiﬁﬁ‘gﬁaﬁ—m
circuit shown 1n Fig. E2.34(a)
15Q
" VW\——,
Al
WV T 10V
- |
Solution
The given circuit is redrawn as shown in Fig. E2.34(b).
15Q 5Q A 5Q
AN MA— AN
+ + ] +
20\:—: 1, 59§ 5 L - _lov
- +
A B
FIG. E2.34(b)

(@) To find Thevenin's equivalent voltage V., :
APPlYiDg KVL to the circuit shown in Fig. E2.34(b), we get

Atloop 1,
(5+15)1, =20
20
or L=25=1A
Atloop.2,
(5+5)1,=-10
or IL=-1A

Therefore,  p _y =155, -5, =15V

) To f im 1 esistance, R .
nd Thevenin s equivalent r mh , L o
The Circuit is redrawn after deactivating all sources, i.e., assigning all sources to zero as

hown in Fig, £2 34(c).

‘
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s Q
15%5 5%5
=R, = +5+.\=1 .
Ry, 4B 15+5 515 1.25Q

(c) Thevenins equivalent circuit is shown in F. ig. E2.34 (d).

F\J\/\/\'—\—OA
+

L

VTh= 15V -T

\OB

LFIG.E2.34(d) |

_ Calculation of Thevenin’s equi i ircui
. quivalent im ed reuit
With the dependent source pedance z"' foF the cl

Diff; - : _
N erent Proce.du.re 1s followed in calculating Thevenin’s €quivalent impedance (Z,)
) € Circujt cons1st1ng ot dependent sour

ept

ces. The dependent voltage and current sources &
as they are whjle calculating z,. ‘ s

x

an exam le, i ircus T .. )
N Ple, consider the circyjt shown in Fig, 2.9(1), Consisting of a dependent 0™
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