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Useful Theorems in
Circuit Analysis

1. Find the equivalent resistance across the terminals A and B of the network
shown in the figure below using star-delta transformation. All halves are
in ohms.

Fig. 3.1

Solution: In the above figure, by converting A to Y of internal A connec-
tion, we have

3x4 I
3+4+5 12
_4XS 20 _ 66
3+4+5 12
X3 _ 15 _ s
3+4+5 12

The circuit can be drawn as
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3.2 Network Analysis

. ANV °
A 1 ’
Fig. 3.2

By converting Y to A again
3(3.66) + 3.66)(3.25)+(3.253 _ ¢ g1
3.66
33.66) +(3.66)3.25)+ (3253 _ 111
3.25
33.66)+(3.66)3.25)+ (3253 _ |1 ¢s
3
10 1Q
o AN °
A 1Q B
Fig. 3.3

Parallel combination of resistances gives

891x1 —0.899 O
1+8.91
1003%1 _ 0000 g
10.03+1
108751 _ 49157 0
10875 +1

The equivalent circuit is shown below.
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Useful Theorems in Circuit Analysis 3.3
0.899 Q 0.909 Q
o AN o]
A 0.9157 B
Fig. 3.4

The equivalent resistance is 0.899 Q and 0.909 Q. The resistances are in
series and equivalent is in parallel with 0.9157 Q.

R,, = (0.899 + 0.909)//(0.9157)
R,, = 0.6078 O

2. Determine the voltages and currents of the resistances in the following,
using source transformation

22K
4%

8 mA D §6,8K Q 3mA —__—i12v

Fig. 3.5

Solution: By converting 12 V voltage source into current source, we have

=Y 212 _sasma
R 2.2k
2.2k
— AAAN—O O
12V — :> CD §2_2 KO
e O
Fig. 3.6

The circuit is shown in the figure below.

8 mA D ;6.8k CDSmA §Z.ZKQ 5.45 mA

Fig. 3.7
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3.4 Network Analysis

Total current in the circuit
I=(8+545-3)mA =10.45 mA

The current in 6.8 k Q is

2.2k
g = 10.45 x 107 x

=2.55mA

8k
Lo = 10.45x 107 x 08K 5 oma
' 9k
Vigeo = (2.55) (6.8) x 107 x 10° = 17.3 volts
Voma =7-9% 107 x 2.2 x 10° = 17.3 volts.

3. Use superposition theorem, determine the current through R; = 10 Qin the
network shown below.

10 Q 5Q
NV VMV

Vi
1ov<>i §RL Q 5A

Fig. 3.9

Solution: The current I’ due to 10 V source when 5 A source is zero.

I = 10 =05A
10+10
10 Q 5Q
A% ANV o
]/
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Useful Theorems in Circuit Analysis 3.5

Now, the current I’ due to 5A source when 10 V source is zero

10Q 5Q

§1og Q 5A

Fig. 3.11
r=sx—0 30 554
10410 ~ 20

When both the sources acts simultaneously
I=Ir+I"=05+25=3A

4. Find the Thevenin’s equivalent circuit at terminals of AB of the following

network.
20 Q 40 Q
+ A B
24V — o) o]
250 Q 500 Q
Fig. 3.12

Solution: The circuit can be redrawn as shown below

204 40 Q
24V +____ A
250 Q 500 Q
Fig. 3.13
The voltage across 250 Q is
Vo aax 20
250+ 20

V,=2222

The voltage across 500 Q is
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3.6 Network Analysis

VB = 24 X @ = 2222
540

Vig= Vy—Vp=2222-2222=0V
The Thevenin’s resistance
20x250 40500
= +
270 540
Ry, = 185+37.03=535Q

The Thevenin’s equivalent circuit is

53.5Q
Vas
v (O
o B
Fig. 3.14

5. Convert the branches in the figure to single voltage source in series with a
single resistor at the terminals AB.

6A 10 Q
NONNOLY

Fig. 3.15

o A

o B

Solution: The superposition theorem is applied here.
(a) Voltage across 10 Q due to 6 V source is zero.
A

O
10Q
¢
6V
o B

Fig. 3.16

(b) Voltage across 10 Q due to 6 A source is 60 V.

NA-Olc-03.p65 6 8/29/07, 12:13 PM




Useful Theorems in Circuit Analysis 3.7

o A

6A<D §1og 60V

o B

Fig. 3.17

(¢) Voltage across 10 Q due to 2 A source is zero

10Q
AN o A
i=0
o
O B
Fig. 3.18

Therefore, the voltage across AB terminals.
= the voltage across 10 € + voltage across 6 V source

=60+6=66V

The resistance seen into the terminals R, = 10 Q
The circuit is

10Q
NN 0 A
66 V CD
o B
Fig. 3.19
6. Find the current in the 9 Q resistor of the circuit given by Thevenin’s
theorem.
61,
- +
Iy
4Q § §6 Q §9 Q
Y
N
20V
Fig. 3.20
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3.8 Network Analysis

Solution: To find the Thevenin’s voltage

oA

I
s S
5 Ny

20V
Fig. 21

61, +20 + 41 =6l
41, =20
I.= 5amp
Voc=Vy=5x6=30V
Since the circuit contains a dependent voltage source

V,
Ry = o<
Isc
I can be obtained from the figure below.

_ 6l

Iy
4Q§ geg Isc

Y
/
20V

Fig. 3.22

Since no current passes through 6 €, then /, = 0 then dependent source is
shorted.

20
I.-=—=5A
se€=

Ry, = Yoc =30 _¢ g

4Q Isc

20V
Fig. 3.23
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Useful Theorems in Circuit Analysis 3.9

The Thevenin’s equivalent circuit is

6Q
VMV

30 Vi() § 9Q

Fig. 3.24

The current in the 9 Q resistor is

30

Iy=——=2A.
6+9
7. Find the current 4 Q resistor of the circuit shown below using superposi-
tion theorem.
1Q 47
A% >
+
12v<> 5A<D §3Q 4Q
Fig. 3.25

Solution: When 12 V voltage source alone acting the circuit becomes
10 v ar

NV * NZ
I

12V<i> 3Q §4Q

Fig. 3.26
Using nodal analysis
2-v._V +4(12-V)
1 3
or V=135V
p=12-135 __ 45 amp.

when current source 5 A is acting alone the circuit is
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3.10 Network Analysis
o1Q v arr
NNV . —
CD 5A 3=3Q §4 Q
Fig. 3.27
I"+5=41I"+ 4
3
and I = v
1
res=ar-L
3
sr-1 s
3
§ I” =5
3
15
I”= — am
] p

The current in 4-€ resistor

I=4T +1I")=4(- 1.5+ 1.877)

8. Find the Thevenin’s equivalent circuit for given network across terminals
a, b.
2 kQ 3 kQ
NV A% a

v,
av +> X
<— 4000

O0<— X—>0

Fig. 3. 28

Solution: Applying KVL in the loop, we have

C4-2x10Px +V,=0
400
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Useful Theorems in Circuit Analysis 3.11
—4 —-2000 Vs +V.=0
0
V.=8V =V,
To find the Thevenin’s resistance, we should obtain the short circuit current
Igc.
2 kQ 3 kQ
ANV NV a
Isc
¥ Vy
V, =
4 VC‘) 4000 X
b
Fig. 3.29
4
sc= —T———— = 0.8 mA
2+3)k
Ry, = Yoc - 5

=2  —10x10°Q
I 0.8mA

The Thevenin’s equivalent circuit is

10 kQ
A oa
w
o b
Fig. 3.30

9. Calculate the current through the 10-€2 resistor using Millman’s theorem.

O

2Q 3Q
. . . §109
1V 2V 3V
Fig. 3.31

Solution: By Millman’s theorem, the equivalent voltage source
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3.12 Network Analysis

E:EK+QQ+QQ
Y+Y,+Y

1+2><l+3><l 3
2 3

1 1 T~ 6+3+2

I+—+—=
2 3 6

The equivalent resistance

1
Z:ﬁzgg
14—+ 1l
2 3

The equivalent circuit is
6/11 Q

10Q
18/11V Ci) §

o
Fig. 3.32
The current through 10 Q resistor is
18/11 9
1= 6— = — amp.
—+10 58
11
10. Draw the dual of the network shown below.
Cq
{l
R4 L
NV BT
+<> o §R2
Fig. 3.33

18

—V
11

Solution: Place nodes in each loop and on the reference node outside the

circuit.

Joining the nodes through each element and placing the dual of each

element in the line, we get the dual circuit.
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Useful Theorems in Circuit Analysis 3.13

Ly

G2

Fig. 3.34

The dual circuit is redrawn as shown below.

Gy
AN

,\
N
-0

%‘

® e &

Fig. 3.35

Objective-Type Questions

. When three equal resistances of 3 Q2 each are connected in star, what is the

resistance in one of the arms in an equivalent delta circuit?
(a) 10Q (b) 3Q
() 9Q (d) 27 Q

. Reciprocity theorem applies to only one of the following networks.

(a) Linear networks only

(b) Bilateral networks only
(¢) Linear/bilateral networks
(d) All types of networks

. Compensation theorem is applicable to

(a) linear networks only

(b) non-linear network only

(c) linear and non-linear networks only
(d) neither of the two

. The ratios of source and response in a circuit are required to be inter-

changed for application of
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3.14 Network Analysis

(a) compensation theorem
(b) superposition theorem
(c) reciprocity theorem
(d) Millman’s theorem
5. Millman’s theorem is applicable during determination of
(a) load condition for max power transfer
(b) dual of a network
(c) load current in a network with more than one voltage source
(d) load current in a network of generators and impedance with two out-
put terminals.
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