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Overview

Network Analysis and Synthesis is one of the core subjects for students of Electrical Engineering, Electron-

ics Engineering, Electronics and Telecommunication Engineering, Instrumentation Engineering, Biomedical 

Engineering and related branches of engineering in the third/fourth semester course of almost all universities 

in India. This subject is also one of the important topics of competitive examinations such as IAS, IES, etc. 

and examinations conducted by various public-sector undertakings in this fi eld. 

About the Book

Network Analysis and Synthesis is a complete solution for the undergraduate student who wishes to prepare 

for university and competitive examinations. This highly illustrative text makes the subject matter interesting 

and easy for students.

As per the course requirement, fi ve major topics that are mandatory to be covered by any book on the 

subject are dc and ac circuits, transient analysis, network function, two-port networks and network synthesis. 

Generally, numerical problems are expected in university examinations in this subject. The weightage given 

to problems is more than 70-80% in examinations. This book attempts to cover almost all the topics and 

solved problems on these important topics. The  simplistic presentation style sequentially takes the readers 

from basic to advance concepts and the crisp theory helps in ready understanding. Numerous solved examples 

and graded problems have been provided in this book, especially in important chapters from the examination 

viewpoint. Objective-type questions from various papers of competitive examinations are included in each 

chapter. This will help students in sharpening their knowledge about core concepts. Covering both analysis 

and synthesis of networks, the text provides a simple explanation about the concepts of electrical networks 

with brief theory and a large number of problems. Numerous examples and exercise problems have been 

included to help the reader develop an intuitive grasp of the contents. 

Salient Features

Span of coverage meets curriculum requirements ●

Simplistic presentation and logical sequencing of topics ●

Graded problem-solving approach ●

Numerous solved examples from frequently asked examination questions ●

Rich pedagogy ●

* Illustrations: 1320

* Solved Examples: 1065

* Practice Problems: 340

Chapter Organisation

The entire text is organised into 16 chapters, primarily based on the electrical and electronics engineering 

syllabi in BE/B.Tech undergraduate courses of universities around the country. The summary of the book can 

be organised in the following major parts:

Circuit Elements and Network Analysis ●

Network Theorems for dc and ac Circuits ●

Resonance and Coupled Circuits ●

Preface



xiv Preface

Network Topology/Graph Theory ●

Transient Analysis and Laplace Transforms ●

Two-Port Networks ●

Network Functions ●

Within this structure, a more in-depth and detailed breakdown can be obtained from the table of contents. 

The fl uid fl ow of text dealing with different topics as well as illustrations, examples, questions and numerical 

problems are extremely relevant and appropriate for students as well as instructors. The main strength of the 

book thus is its strong focus towards students’ readability and understanding with the scope for independent 

study and problem-solving skill development. I am confi dent that the depth of this book has been judiciously 

developed so that students not only treat this as a textbook, but, in addition, can also gather enough practical 

and theoretical knowledge to appear in national-level competitive examinations and interviews.  

Web Supplements

The text is supplemented with an exhaustive Online Learning Center, which can be accessed at

https://www.mhhe.com/singh/nas1
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1
Basic Network 

Concepts

 1.1   INTRODUCTION 

We know that like charges repel each other whereas unlike charges attract each other. To overcome this force 

of attraction, a certain amount of work or energy is required. When the charges are separated, it is said that a 

potential difference exists and the work or energy per unit charge utilised in this process is known as voltage 

or potential difference. 

The phenomenon of transfer of charge from one point to another is termed current. Current (I) is defi ned as 

the rate of fl ow of electrons in a conductor. It is measured by the number of electrons that fl ow in unit time.

Energy is the total work done in the electric circuit. The rate at which the work is done in an electric circuit 

is called electric power. Energy is measured in joules (J) and power in watts (W).

 1.2    RESISTANCE

Resistance is the property of a material due to which it opposes the fl ow of electric current through it.

Certain materials offer very little opposition to the fl ow of electric current and are called conductors, e.g., 

metals, acids and salt solutions. Certain materials offer very high resistance to the fl ow of electric current and 

are called insulators, e.g., mica, glass, rubber, Bakelite, etc.

The practical unit of resistance is ohm and is represented by the symbol Ω. A conductor is said to have 

resistance of one ohm if a potential difference of one volt across its terminals causes a current of one ampere 

to fl ow through it.

The resistance of a conductor depends on the following factors.

 (i) It is directly proportional to its length.

 (ii) It is inversely proportional to the area of cross section of the conductor.

 (iii) It depends on the nature of the material.

 (iv) It also depends on the temperature of the conductor.

Hence,

 

R
l

A

R
l

A

∝

= ρ
 

where l is length of the conductor, A is the cross-sectional area and r is a constant known as  specifi c resistance 

or  resistivity of the material.
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1.  Power Dissipated in a Resistor We know that v = R i

When current fl ows through any resistor, power is absorbed by the resistor which is given by

p = v i

The power dissipated in the resistor is converted to heat which is given by

Ri i dt i Rt

t t

=∫ ∫v i dtv i dt

0 0

2

 

 Example 1.1  A 25 W resistor has a voltage of 150 sin 377 t. Find the corresponding current i and 

power p.

Solution  R = 25 Ω
v t

i
v

R

t
t

p vi t

= = =

vi

150 377

150 377

25
6 377

377 6

si

sin
sin

( s150 i ) ( sinii ) si377 3372 tsint) 3372

 

 Example 1.2  A current waveform shown in Fig. 1.1 is applied to a 2 W  resistor. Draw the voltage 

waveform.

10 2 3 4 5

5

i (A)

t (s)

Fig. 1.1

Solution

For the resistor, v Ri

(a) For 0 1,  v Ri =Ri =2 5× 10 V

(b) For 1 3,  v Ri =Ri =2 0× 0

(c) For 3 4,  v Ri =Ri =2 5× 10 V

The voltage waveform is shown in Fig. 1.2.

1.3    INDUCTANCE

Inductance is the property of a coil that opposes any change in the amount of current fl owing through it. If 

the current in the coil is increasing, the self-induced emf is set up in such a direction so as to oppose the rise 

of current. Similarly, if the current in the coil is decreasing, the self-induced emf will be in the same direction 

as the applied voltage.

Inductance is defi ned as the ratio of fl ux linkage to the current fl owing through the coil. The practical unit 

of inductance is henry and is represented by the symbol H. A coil is said to have an inductance of one henry 

if a current of one ampere when fl owing through it produces fl ux linkages of one weber-turn in it.

10 2 3 4

10

v (V)

t (s)

Fig. 1.2
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The inductance of an inductor depends on the following factors.

 (i) It is directly proportional to the square of the number of turns.

 (ii) It is directly proportional to the area of cross section.

 (iii) It is inversely proportional to the length.

 (iv) It depends on the absolute permeability of the magnetic material.

Hence,

L
N A

l

L
N A

l

∝
2

2

= μ

 

where l is the mean length, A is the cross-sectional area and m is the absolute permeability of the magnetic 

material.

 1. Current–Voltage Relationships in an Inductor We know that

v L
di

dt
 

Expressing inductor current as a function of voltage, 

di
L

v dt=
1

Integrating both the sides,

di
l

L
v dt

i
L

v dt i

t

i

i

t

=

v dt=

∫∫

∫

0

0

1

( )0

( )t

( )t ( )0

The quantity i(0) denotes the initial current through the inductor. When there is no initial current 

through the inductor,

 i
L

v dt

t

( )t = ∫
1

0

2.  Energy Stored in an Inductor Consider a coil of inductance L carrying a changing current I. When 

the current is changed from zero to a maximum value I, every change is opposed by the self-induced emf 

produced. To overcome this opposition, some energy is needed and this energy is stored in the magnetic 

fi eld. The voltage v is given by

v L
di

dt
 

Energy supplied to the inductor during interval dt is given by

dE v i dt L
di

dt
i dt L i dt= =v i dt
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Hence, total energy supplied to the inductor when current is increased from 0 to I amperes is

E Li di L I

I I

∫ ∫dEdddEd

0

2

0

1

2
 

 Example 1.3  An inductance of 3 mH has a current i 5(1 e )5000t−5(1 .  Find the corresponding volt-

age and the maximum stored energy.

Solution L = 3 mH  

 

i

v L
di

dt

d

dt

t

t=L ⎡
⎣

⎤
⎦ × −

5

3 1× 50
d

5⎡⎡
⎣

− d ⎡ 3⎤
⎦
⎤⎤ = 10

5000

3 5000 3

( )e t−1 5000

( ))t1 e t− −5000 ( 05 5× 00000 755000 5000e e755000t t75 500075−5000t )
 

 

I i

E L I

max

max

A

mJ

i = =

=L I × =

∞( )∞ ( )e− −∞

( ) .max

5( 5

1

2

1

2
3 1× 0 × ( 37 52 3×

1
3 1× 0− 2

 

 Example 1.4  A current waveform is applied to a 2 H inductor. Draw the voltage waveform for 

Fig. 1.3.

0 2 4 6 8

i (A)

t (s)

6

Fig. 1.3

Solution v L
di

dt

(a) For 0 2,

 
v = × =2 6

( )6 0−
( )2 0−

V
 

(b) For 2 < t < 6, 

 v = × =2 0
( )6 6−
( )6 2−

 

(c) For 6 8,  

 v = × = −2 6
( )0 6−
( )8 6−

V  

The voltage waveform is shown in Fig 1.4.

20 4 8

6

− 6

v(V)

t (s)
6

Fig. 1.4
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 Example 1.5  A voltage waveform shown in Fig. 1.5 is applied across a 1 H inductor. Draw the 

current waveform.

10 2 3

1

v (V)

t (s)

Fig. 1.5

Solution   i
L

v dt i

t

= v dt∫
1

0

( )0  

(a) For 0 1,

      

v

i d t

i

t
t

=

=∫∫

1

1

1
1dt idt 0

1=

0

0( )0 [ ]tt

( )1 A

 

(b) For 1 2t ,

    

v

i d

i

t

=

= =∫∫

0

1

1
0 dt ii 0 1+ 1

1=
1

( )1

( )2

A

 A

(c) For 2 3,

             
v

i dt i t t

i

t
t

=

= +

−

∫

1

1

1
dt idt 1 2t −t 1 1t= −

3= 1 2=
2

2( )2 [ ]tt

( )3  A

The current waveform is shown in Fig. 1.6.

 Example 1.6  A voltage waveform shown in Fig. 1.7 is applied across a 2 H inductor. Draw the 

current waveform.

20

2

3

v (V)

t (s)
4 6 8

−1

Fig. 1.7

2

1

0 1 2 3 4

i (A)

t (s)

Fig. 1.6
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Solution i
L

v i

t

= +v∫
1

0

( )tt ( )0

(a) For 0 2,

v

i d t

i

t
t

=

=∫∫

2

1

2
2dt idt 0 0t2tt

2=
0

0( )0 . [5 ]

( )2 A

(b) For 2 8,

v t

i t

t

+

+∫∫

3

6
3 0= − 5 3t +t

1

2
5 3 2

2

.

( .0 ) (ddt i+dt )

= − +
⎡

⎣
⎢
⎡⎡

⎣⎣

⎤

⎦
⎥
⎤⎤

⎦⎦
+ × −0 5 0 5

2
3 2⎥ 0 0 25 3+ 0 5 2 3× − 2 5

2

2

2. .⎢5 0 . [5[5 . .+5 3+ 0 ] .=2+ 0 [
t

−0 25=2⎥ + 0 [5 25 t

t

000 2

0 0 64 8 2 3 5

2. ]25 3 52

( )8 . [5[5 . (25 ) (3 ) ]5

32

i

3

0 5 83 ) =2 A

The current waveform is shown in Fig. 1.8.

 Example 1.7  The following current waveform i(t) is passed through a series RL circuit with 

R 2 and L 2 mH2 and LΩ .  Find the voltage across each element and sketch the same.

10

i (A)

t (ms)
2 3 4 65 76 8

−5

5

Fig. 1.9

Solution

(a) Voltage across the resistor of 2 Ω
v RiR

Voltage across the resistor is a trapezoidal waveform with a peak value of 10 V. 

(b) Voltage across the inductor of 2 mH

v L
di

dt
L

t (s)

i (A)

20 4 6 8

3.5

1.5

Fig. 1.8
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For 0 1 ms,

vL = ⎛
⎝⎜
⎛⎛
⎝⎝

⎞
⎠⎟
⎞⎞
⎠⎠

=−2 1× 0
5 0−

1 1× 0 0−−
103

3
 V

For 1 3s  3 ms,

vL =
−

×
⎛
⎝⎜
⎛⎛
⎝⎝

⎞
⎠⎟
⎞⎞
⎠⎠

=−2 1× 0
5 5−

3 1× 0 1−− 10
03

3 3× −11 10

For 3 5s  5 ms,

vL =
×

⎛
⎝⎜
⎛⎛
⎝⎝

⎞
⎠⎟
⎞⎞
⎠⎠

= −−2 1× 0
5 5−

5 1× 0 3−− 10
103

3 3× −33 10
 V

For 5 ms ms,<< t 7

vL =
−

×
⎛
⎝⎜
⎛⎛
⎝⎝

⎞
⎠⎟
⎞⎞
⎠⎠

=−2 1× 0
5 5+

7 1× 0 5−− 10
03

3 3× −55 10

For 7 ms ms,<< t 8

vL =
×

⎛
⎝⎜
⎛⎛
⎝⎝

⎞
⎠⎟
⎞⎞
⎠⎠

=−2 1× 0
0 5+

8 1× 0 7−− 10
103

3 3× −77 10
 V

The voltage waveforms are shown in Fig 1.10.

1.4    CAPACITANCE

Capacitance is the property of a capacitor to store an electric charge when its plates are at different potentials. 

If Q coulombs of charge is given to one of the plates of a capacitor and if a potential difference of V volts is 

applied between the two plates then its capacitance is given by 

C
Q

V
=  

The practical unit of capacitance is farad and is represented by the symbol F. A capacitor is said to have 

capacitance of one farad if a charge of one coulomb is required to establish a potential difference of one volt 

between its plates. 

The capacitance of a capacitor depends on the following factors.

 (i) It is directly proportional to the area of the plates. 

 (ii) It is inversely proportional to the distance between two plates.

 (iii) It depends on the absolute permittivity of the medium between the plates.

Hence,

C
A

d

C
A

d

∝

= ε

where d is the distance between two plates, A is the cross-sectional area of the plates and e is absolute 

permittivity of the medium between the plates.

i (A)

vR (V)

vL (V)

t (ms)

t (ms)

t (ms)

5

10

−5

−10

−10

10

0 1 2 3 5 6 7 84

0

0

1 2 3 5 6 7 8

1 2 3 5 6 7 8

Fig. 1.10
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1. Current–Voltage Relationships in a Capacitor The charge on a capacitor is given by

q = C v

where q denotes the charge and v is the potential difference across the plates at any instant.

We know that

i
dq

dt

d

dt
Cv C

dv

dt
= = =

Expressing capacitor voltage as a function of current, 

dv
C

i dt=
1

 

Integrating both the sides,

C
i dt

v
C

i dt v

v

v t

t

( )

( )t

( )t ( )

0
C

)

0

1

1

∫ ∫dv
C

1

∫ i dt= ∫

The quantity v (0) denotes the initial voltage across the capacitor. When there is no initial voltage on 

the capacitor,

v
C

i dt

t

( )t = ∫
1

0

 

2. Energy Stored in a Capacitor Let a capacitor of capacitance C farads be charged from a source of 

V volts. Then current i is given by

i C
dv

dt
 

Energy supplied to the capacitor during interval dt is given by

dE v i dt vC
dv

dt
dt= =v i dt  

Hence, total energy supplied to the capacitor when potential difference is increased from 0 to V volts is

E C v dv CV

V V

∫ ∫dEdddEd

0 0

21

2

 

 Example 1.8  A voltage is defi ned by

v t s

e t s

( )t
( )t

= <t

⎧
⎨
⎪
⎧⎧
⎨⎨
⎩⎪
⎨⎨
⎩⎩

0 0t <
2 0t 2

4 2e t( )t >−(t

 

and is applied to the 10 FμF  capacitor. Find i(t).

Solution  i C
dv

dt
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For t < 0,

i = 0

For 0 2 s2 ,

v t

i
d

dt
= × −

2

10 10 2= 06 ( )t2t Aμ
 

For t 2 ,s

v e

i
d

dt
e= × = −

−

− −

4

10 10 0 0 406 dd 6

( )t−t 2

( )2t ( )2t ([ ]e4e4e− tt [ ]eeee ( )2t−t tt−2) Aμ

 

 Example 1.9  A voltage waveform shown in Fig. 1.11 is applied to the capacitor. Draw the current 

waveform.

−2

2

4

0 1 2 3 4

v (V)

t (s)

C = 2 F

Fig. 1.11

Solution  i C
dv

dt

(a) 0 1

At t 0 2v =v,  2v V

At t 1 2v =v,  v 2v V

i C
dv

dt
=C

⎛
⎝⎜
⎛⎛
⎝⎝

⎞
⎠⎟
⎞⎞
⎠⎠

=2
2 2−
1 0−

0
 

(b) 1 2t

At t 1 2v =v,  v 2v V

At t 2 4v =v,  v 4v V

i C
dv

dt
=C

⎛
⎝⎜
⎛⎛
⎝⎝

⎞
⎠⎟
⎞⎞
⎠⎠

=2
4 2−
2 1−

4 A
 

(c) 2 4t

At t 2 4v =v,  v 4v V

At t 4 2v =v −,  v 2v V

i C
dv

dt
=C

−⎛
⎝⎜
⎛⎛
⎝⎝

⎞
⎠⎟
⎞⎞
⎠⎠

=
−⎛

⎝⎜
⎛⎛
⎝⎝

⎞
⎠⎟
⎞⎞
⎠⎠

= −2
2 4−

4 2−
2

6

2
6 A

The current waveform is shown in Fig. 1.12.

−6

4

i (A)

t (s)
0 1 2 3 42 3

Fig. 1.12
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 Example 1.10  A voltage waveform shown in Fig. 1.13 is applied to the capacitor. Draw the current 

waveform.

−50

50

0 2 44

v (V)

t (s)

C = 1000 μF

≈≈

≈≈
5 6

Fig. 1.13

Solution 

(a) 0 2

At t 0 0v =v,  0v V

At t 2 5v =v 0,  5v 0 V

i C
dv

dt
=C

−⎛
⎝⎜
⎛⎛
⎝⎝

⎞
⎠⎟
⎞⎞
⎠⎠

= ⎛
⎝⎜
⎛⎛
⎝⎝

⎞
⎠⎟
⎞⎞
⎠⎠

= ×− −10
50 0

2 0−
10

50

2
25 103 3−⎛⎛⎛ ⎞⎞⎞ −⎛⎛⎛ ⎞⎞⎞50 0

10 3 A
 

(b) 2 5

At t 2 5v =v 0,  5v 0 V

At t 5 5v =v − 0,  5v 0 V

i C
dv

dt
=C

− −⎛
⎝⎜
⎛⎛
⎝⎝

⎞
⎠⎟
⎞⎞
⎠⎠

=
−⎛

⎝⎜
⎛⎛
⎝⎝

⎞
⎠⎟
⎞⎞
⎠⎠

= − ×− −10
50 50

5 2−
10

100

3
33 33 103 3− −⎛⎛⎛ ⎞⎞⎞ −⎛⎛⎛ ⎞⎞⎞50 50

10 3. ×33 10 A
 

(c) 5 6

At t 5 5v =v − 0,  5v 0 V

At t 6 5v =v − 0, 5v 0 V

i C
dv

dt
=C

− +⎛
⎝⎜
⎛⎛
⎝⎝

⎞
⎠⎟
⎞⎞
⎠⎠

=−10
50 50

6 5−
03

 

The current waveform is shown in Fig. 1.14.

 Example 1.11  A current waveform shown in Fig. 1.15 is applied to a 0.1 F capacitor. Draw the 

voltage waveform.
i (A)

t (s)

−2

2

1

0 1 2 3 4

Fig. 1.15

i (A)

t (s)
0 2

25 × 10−3

−33.33 × 10−3

4 65

Fig. 1.14
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Solution v
C

i dt v

t

= i dt∫
1

0

( )0

(a) For 0 1,

i

v d t

v

t
t

=

=∫∫

2

1

0 1
2 dt vdt 10 0t 20

2= 0

0

0( )0 [ ]2tt

( )1  V

(b) For 1 2t ,

i

v dt v

v

t
t

=

=

=

∫

1

1

0 1
dt vdt 10 20 10 2+ 0

1= 0 2+ 0

1

1( )1 [ ]tt ( )t −t 1

( )2 ( )−2 1 3033 V

(c) For 2 4t ,

i

v dt v

v

t
t

= −

=∫

2

1

0 1
dt vv 10 3t 0 10 3+ 0

1= 0 2−
2

2( )2 [ ]−2tt ( )t +2 4

( )4 ( ××× 4 4+ )  + = −30 10 V

The voltage waveform is shown in Fig. 1.16.

 Example 1.12  A current with periodic waveform shown in Fig. 1.17 is applied to a series RLC 

circuit with R = 1 W, L mH and C FmH and C1 μF .  Sketch the voltage across each element.

0 1 2 3 4

i (A)

t (ms)

2

Fig. 1.17

Solution

(a) Voltage across the resistor of 1 Ω
v R iR  

Voltage across the resistor is a triangular waveform with peak value of 2 A and slope 2 103.

(b) Voltage across inductor of 1 mH

v L
di

dt
L

 

For 0 1 ms,

vL = ⎛
⎝⎜
⎛⎛
⎝⎝

⎞
⎠⎟
⎞⎞
⎠⎠

=−1 1× 0
2 0−

1 1× 0 0−−
23

3
 V

 

For 1 2s  2 ms,

vL =
×

⎛
⎝⎜
⎛⎛
⎝⎝

⎞
⎠⎟
⎞⎞
⎠⎠

= −−1 1× 0
0 2−

2 1× 0 1−− 10
23

3 3× −11 10
V

 

t (s)

vC (V)

0 1 2 43

30

20

−10

Fig. 1.16
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Voltage across the inductor is a square waveform.

(c) Voltage across capacitor of 100 μF

v
C

i dt vC

t

i dt= ∫
1

0

( )0

 

For 0 1 ms,

                          

i t t

v t dt
t

C

t

=t

×
+

⎛

⎝⎜
⎛⎛

⎝⎝

⎞

⎠⎟
⎞⎞

⎠⎠
=

−

− ∫

2

10
2000

1

100 10
2000 0 1= 0

2000

2
10

3

6
0

4
2

7 277 t

                vC ( ( )1( 0 1) 07 3(1( 0 2  V1( 0 )  

For 1 2s  2 ms,

i t t

v dt vC

t

+ = − +t

×

−

− ∫

2

10
4 2000 4

1

100 10
dt v+

3

6
1

( )t +t0002000 4 (1 ms)

 ms

=== +10 104 2 3( )− × −1000 4 3− 1021000 3+ 42

  

=

⎡
⎣

⎤−

10 2− 0

2 1× 0− 2 1×2 10

4 2

3 2 3

( )−1000 421000

( (= −⎡
⎣
⎡⎡2 1000 ) (4+ 42 )

+ 42

vC
4

⎦⎦
⎤⎤⎤⎤ − =20 20 V

 

Voltage across the capacitor keeps rising continuously. The voltage waveforms are shown in Fig. 1.18.

0 1 2 3 4

0 1 2 3 4

i (A)

vR (V)

vi (V)

vc (V)

t(ms)

t(ms)

t(ms)

t(ms)

2

2

2

20

10

−2

0 1 2 3 4

0 1 2 3 4

Fig. 1.18
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 Example 1.13  Draw the waveform for i i iR Li i Cii,Li  for the network shown in Fig. 1.19 (a) when it is 

excited by a voltage source having a waveform shown in Fig. 1.19 (b).

iR iL iC

10 Ω 5 H 2 Fv (t)

v (V)

t (s)

10

−10

(a)

0 2 4 6

Fig. 1.19

Solution

(a) Current through the resistor of 10 Ω

i
v

R
Ri =

 

Current through the resistor is a rectangular waveform with a peak value of 1 A.

(b) Current through the inductor of 5 H

i
L

v dt iLi

t

v dt= ∫
1

0

( )0

For 0 2,

v

i dt i t

i

Li

t
t

Li

=

dt∫

10

1

5
0 0= 1 0t0tt 2

2= 4=
0

0( )0 . [2 ]

( )2 ( )2 A

For 2 4t ,

v

i dt i

t t

Li

t
t

= −

i

= − +

∫

10

1

5
0 0= 1− 0 4t t +t t

0 10 20 4 2

2

2( )2 . [2 ]

. (2 ) 88

2 8 0iLi ( )4 ( )4 =8

(c) Current through the capacitor of 2 F

i C
dv

dt
Cii

For 0 2,

iCii =
−⎛

⎝⎜
⎛⎛
⎝⎝

⎞
⎠⎟
⎞⎞
⎠⎠

=2
10 10

2 0−
0

For 2 4t ,

iCii =
− +⎛

⎝⎜
⎛⎛
⎝⎝

⎞
⎠⎟
⎞⎞
⎠⎠

=2
10 10

4 2−
0

The current waveforms are shown in Fig. 1.20.
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t (s)

t (s)

t (s)

t (s)
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−10

1

−1

4

0 2 4 6
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Fig. 1.20
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1.5    SOURCES

Source is a basic network element which supplies energy to the networks. There are two classes of sources, 

namely,

1. Independent sources

2. Dependent sources

1.5.1  Independent Sources

Output characteristics of an independent source are not dependent on any network variable such as a current 

or voltage. Its characteristics, however, may be time-varying. There are two types of independent sources:

1. Independent voltage source

2. Independent current source

1. Independent Voltage Source An independent voltage 

source is a two-terminal network element that establishes a 

specifi ed voltage across its terminals. The value of this voltage 

at any instant is independent of the value or direction of the 

current that fl ows through it. The symbols for such voltage 

sources are shown in Fig. 1.21.

The terminal voltage may be a constant, or it may be some 

specifi ed function of time.

2. Independent Current Source An independent current 

source is a two-terminal network element which produces a 

specifi ed current. The value and direction of this current at any 

instant is independent of the value or direction of the voltage that 

appears across the terminals of the source. The symbols for such 

current sources are shown in Fig. 1.22.

The output current may be a constant or it may be a function 

of time.

1.5.2  Dependent Sources

If the voltage or current of a source depends in turn upon some other 

voltage or current, it is called as dependent or controlled source. The 

dependent sources are of four kinds, depending on whether the 

control variable is voltage or current and the controlled source is a 

voltage source or current source.

1. Voltage-Controlled Voltage Source (VCVS) A 

voltage-controlled voltage source is a four-terminal 

network component that establishes a voltage v
cd

 between 

two points c and d in the circuit that is proportional to a 

voltage v
ab

 between two points a and b.

The symbol for such a source is shown in 

Fig. 1.23.

The (+) and (−) sign inside the diamond of the 

component symbol identifi es the component as a 

voltage source.

v
cd 

= m v
ab

The voltage v
cd

 depends upon the control voltage v
ab

 and the constant m, a dimensionless constant 

called voltage gain.

v (t)

(b)

V

(a)

Fig. 1.21  Symbols for independent 

voltage source

(b)

I

(a)

i (t)

Fig. 1.22  Symbols for independent 

current source

a c

vab

b
−

+
+
−

vcd

d

+

−

mvab

Fig. 1.23 Symbol for VCVS
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2. Voltage-Controlled Current Source 

(VCCS) A voltage-controlled current source is a 

four-terminal network component that establishes a 

current i
cd

 in a branch of the circuit that is proportional 

to the voltage v
ab

 between two points a and b. 

The symbol for such a source is shown in 

Fig. 1.24.

The arrow inside the diamond of the component 

symbol identifi es the component as a current source.

i
cd

 = g
m
 v

ab

The current i
cd

 depends only on the control voltage v
ab

 and the constant g
m
, called the transconductance 

or mutual conductance. The constant g
m
 has dimension of ampere per volt or siemens (S).

 3. Current-Controlled Voltage Source (CCVS) A 

current-controlled voltage source is a four-terminal 

network component that establishes a voltage v
cd

 between 

two points c and d in the circuit that is proportional to 

the current i
ab

 in some branch of the circuit.

The symbol for such a source is shown in 

Fig. 1.25.

v
cd

 = r i
ab

The voltage v
cd

 depends only on the control current 

i
ab

 and the constant r called the transresistance or 

mutual resistance. The constant r has dimension of 

volt per ampere or ohm (Ω).

 4. Current-Controlled Current Source 

(CCCS) A current-controlled current source is a 

four-terminal network component that establishes a 

current i
cd

 in one branch of a circuit that is proportional 

to the current i
ab

 in some branch of the network. 

The symbol for such a source is shown in

Fig. 1.26.

i
cd

 = b i
ab

The current i
cd

 depends only on the control current i
ab

 and the dimensionless constant b, called the current gain.

 1.6   SOME DEFINITIONS 

 1. Network and Circuit The intercon-

nection of two or more circuit elements (viz., 

voltage sources, resistors, inductors and 

capacitors) is called an electric network. If the 

network contains at least one closed path, it is 

called an electric circuit. Every circuit is a net-

work, but all networks are not circuits. Figure 

1.27(a) shows a network which is not a circuit 

and Fig. 1.27(b) shows a network which is a 

circuit.

a c
iab

b
−

+
+
−

vcd

d

+

−

r iab

Fig. 1.25 Symbol for CCVS

a c

b
−

+

icdiab

d

+

−

b iab

Fig. 1.26 Symbol for CCCS

R L

C

(a)

V

(b)

C

R L

Fig. 1.27  (a) Network which is not a circuit 

(b) Network which is a circuit

a c

vab

b
−

+
vcd

icd

d

+

−

gmvab

Fig. 1.24 Symbol for VCCS
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2.  Linear and Non-linear Elements If the resistance, inductance or capacitance offered by an element 

does not change linearly with the change in applied voltage or circuit current, the element is termed as linear 

element. Such an element shows a linear relation between 

voltage and current as shown in Fig. 1.28. Ordinary resistors, 

capacitors and inductors are examples of linear elements.

A non-linear circuit element is one in which the 

current does not change linearly with the change in 

applied voltage. A semiconductor diode operating in the 

curved region of characteristics as shown in Fig. 1.28 is 

common example of non-linear element.

Other examples of non-linear elements are voltage-

dependent resistor (VDR), voltage-dependent capacitor 

(varactor), temperature-dependent resistor (thermistor), light-

dependent resistor (LDR), etc. Linear elements obey Ohm’s 

law whereas non-linear elements do not obey Ohm’s law.

3. Active and Passive Elements An element 

which is a source of electrical signal or which is capable 

of increasing the level of signal energy is termed as  active element. Batteries, BJTs, FETs or OP-AMPs 

are treated as active elements because these can be used for the amplifi cation or generation of signals. All 

other circuit elements, such as resistors, capacitors, inductors, VDR, LDR, thermistors, etc., are termed 

passive elements. The behaviour of active elements cannot be described by Ohm’s law.

4. Unilateral and Bilateral Elements If the magnitude of current fl owing through a circuit element 

is affected when the polarity of the applied voltage is changed, the element is termed unilateral element. 

Consider the example of a semiconductor diode. Current fl ows through the diode only in one direction. 

Hence, it is called an unilateral element. Next, consider the example of a resistor. When the voltage is 

applied, current starts to fl ow. If we change the polarity of the applied voltage, the direction of the current 

is changed but its magnitude is not affected. Such an element is called a bilateral element.

5. Lumped and Distributed Elements A lumped element is the element which is separated physically, 

like resistors, inductors and capacitors. Distributed elements are those which are not separable for analysis 

purposes. Examples of distributed elements are transmission lines in which the resistance, inductance and 

capacitance are distributed along its length.

6. Active and Passive Networks A network which contains at least one active element such as an 

independent voltage or current source is an active network. A network which does not contain any active 

element is a passive network.

7. Time-invariant and Time-variant Networks A network is said to be time-invariant or fi xed if its 

input–output relationship does not change with time. In other words, a network is said to time-invariant, 

if for any time shift in input, an identical time-shift occurs for output. In time-variant networks, the 

input–output relationship changes with time.

1.7    SERIES AND PARALLEL COMBINATIONS OF RESISTORS 

Let R R R1 2R RR 3RR2R and  be the resistances of three resistors 

connected in series across a dc voltage source V as shown in 

Fig. 1.29. Let V V V1 2V VV V 3VV2V and  be the voltages across resistances 

R R R1 2R RR 3RR 2R and  respectively.

In series combination, the same current fl ows through 

each resistor but voltage across each resistor is different.

I

V0

Li
ne

ar
 E

le
m

en
t

Non-L
in

ear E
le

m
ent

Fig. 1.28  V-I characteristics of linear 

and non-linear elements

R1I

V

R2 R3

V3V2V1

Fig. 1.29 Series combination of resistors



1.7 Series and Parallel Combinations of Resistors 1.17

V V V V

R I R I R I R I

R R R R

TR

TR

+V

= +R I +
+R

1 2VV VV+VV 3VV

1 2R+R IR 3RR

1 2R+RR 3RR

Hence, when a number of resistors are connected in series, the equivalent resistance is the sum of all the 

individual resistance.

1. Voltage Division and Power in a Series Circuit

I
V

R R R

V R I
R

R R R
V

V R I
R

R R R
V

=
+R

=R I
+R

=R I
+R

1 2RR + R 3RR

1 1V RV RR
1RR

1 2RR + R 3RR

2 2V RV R
2R

1 2RR + R 3RR

V R I
R

R R R
V3 3V RV

3RR

1 2RR 3RR
=R I3RR

+R2R

Total power P P P PTPP +P1 2PP+PP 3PP

= + +

= + +

I R I R I R

V

R

V

R

V

R

2
1

2
2R 2

3RR

1VV 2

1RR

2VV 2

2R

3VV 2

3RR

Figure 1.30 shows three resistors connected in parallel across 

a dc voltage source V. Let I I I1 2I I 32I and  be the current fl owing 

through resistors R R R1 2R RR 3RR2R and  respectively.

In parallel combination, the voltage across each resistor is 

same but current through each resistor is different.

I I I I

V

R

V

R

V

R

V

R

R R R R

R
R R R

R R R R

TR

TR

TR

= +I

= + +

= + +

=
+

1 2I+ 3

1 2RR R 3RR

1 2RR R 3RR

1 2R RR 3RR

2 3R RR 3 1R RR R

1 1 1 1

++ R R1 2R RR

Hence, when a number of resistors are connected in parallel, the reciprocal of the equivalent resistance 

is equal to the sum of reciprocals of individual resistances.

2. Current Division and Power in a Parallel Circuit

V R I R I R I R ITRR ITR R I1 1RR II 2 2R IR I 3 3RR I

I
V

R

R I

R

R R

R R R R R R
I

TR
= = =

+ +R R
1

1 1RR RR

2 3R RR

1 2R RR 2 3R RR 3 1R RR R

I
V

R

R I

R

R R

R R R R R R
I

I
V

R

R I

R

R R

R R R R

TR

TR

2
2 2R R

1 3R RR R

1 2R RR 2 3 3 1R RR R

3
3 3RR RR

1 2R RR

1 2R RR 2 3R RR

= = =
+ +R R2 3R RR

= = =
+ ++ R R

I
3 1R RR R

 

R1

R2

R3

I1

I2

I3

I

V

Fig. 1.30  Parallel combination 

of resistors
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Total power P P P P

I R I R I R

TPP +P

= +I R +

1 2PP+PP 3PP

1
2

1 2I+RR 2
2 3R I+ 2

3RR

= + +
V

R

V

R

V

R

2

1RR

2

2R

3

3RR

Note: For two branch circuits,  R
R R

R R
TR = 1 2R RR

1 2R RR
 

V R I R I R I

I
V

R

R I

R

R

R R
I

I
V

R

R I

R

R

R R
I

TR

TR

TR

R ITR

= = =

= = =

1 1RR II 2 2R I

1
1 1RR RR

2R

1 2R RR

2
2 2R R

1RR

1 2R RR  

 Example 1.14  Find an equivalent resistance between A and B in the network of Fig. 1.31.

10 Ω 10 Ω10 Ω
A B

Fig. 1.31

Solution Marking all the junctions and redrawing the network (Fig. 1.32),

10 Ω 10 ΩDC

D
A

B
C

(a)

10 Ω
A B

10 Ω 10 Ω 10 Ω

(b)

Fig. 1.32

RABR = =10 10 10 3 33� �10 .  33 Ω  

 Example 1.15  Find an equivalent resistance between A and B in the network of Fig. 1.33.

12 Ω

10 Ω8 Ω

A

B

6 Ω

Fig. 1.33
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Solution Marking all the junctions and redrawing the network (Fig. 1.34),

D
A

B
C

C

D

6 Ω8 Ω 10 Ω 12 Ω

(b)(a)

12 Ω

10 Ω8 Ω

A

B

6 Ω

Fig. 1.34

RABR = =8 6 10 12 2 11� �6 � .  11 Ω  

 Example 1.16  Find the equivalent resistance between A and B in the network of Fig. 1.35.

B

A

22 ΩΩ 15 15 ΩΩ

1010 ΩΩ

1010 ΩΩ

4040 ΩΩ3030 ΩΩ

2020 ΩΩ

8 8 ΩΩ

Fig. 1.35

Solution Marking all the junctions and redrawing the network (Fig. 1.36),

B

A
D, F

C, E

25 Ω

2 Ω

8 Ω

50 Ω 50 Ω

(b) (c)

(a)

B

C

E

F D

A

12.5 Ω

8 Ω

2 Ω
B

22 ΩΩ

A

1515 ΩΩ

1010 ΩΩ

1010 ΩΩ

4040 ΩΩ30 30 ΩΩ

2020 ΩΩ

8 8 ΩΩ

Fig. 1.36

RABR = 22 5.  5 Ω  

 Example 1.17  What is the resistance between the terminals A and B in network of Fig. 1.37 when 

the potential difference between C and D is zero?
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R

R

R

R

R

A

C

B D

Fig. 1.37

Solution When the potential difference between C and D is zero, the resistor connected between C and D 

is shorted. Hence, the points C and D are at same potential.

Redrawing the network (Fig. 1.38),

Simplifying the network (Fig. 1.39),

R

R

B

A

R R

C, D

Fig. 1.38

R

2

R

A

B

2

Fig. 1.39

 R
R R

RABR =
2 2

+ R= Ω  

 Example 1.18  Determine the current delivered by the source in the network of Fig. 1.40.

1 Ω

2 Ω
30 V 2 Ω 3 Ω

4 Ω

2 Ω

2 Ω2 Ω

1 Ω

Fig. 1.40
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Solution The network can be simplifi ed by series–parallel reduction technique (Fig. 1.41).

4 Ω

4 Ω

2 Ω 3 Ω

3 Ω

1 Ω

(a)

2 Ω
30 V

2 Ω

2 Ω
1.5 Ω

3.5 Ω

2.27 Ω

1 Ω

(b)

2 Ω
30 V 

2 Ω

1 Ω

(c)

(e)

2 Ω

2 Ω

30 V

30 V

1.27 Ω

1 Ω

(d)

2 Ω
30 V

1.06 Ω

(f)

30 V 

I

 

Fig. 1.41

I = =
30

1 06
28 3.  3 A

 Example 1.19  Find the current delivered by the source in the network of Fig. 1.42.

1 Ω

2 Ω
5 Ω

50 V
2 Ω 3 Ω

4 Ω

4 Ω 4 Ω

2 Ω

2 Ω2 Ω

2 Ω 2 Ω

1 Ω

Fig. 1.42
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Solution The network can be simplifi ed by series–parallel reduction technique (Fig. 1.43).

4 Ω

4 Ω

4 Ω
4 Ω

4 Ω

2 Ω

3 Ω
3 Ω

1 Ω
(a)

2 Ω5 Ω50 V 

2 Ω
2 Ω

2 Ω
2 Ω

4 Ω

1.5 Ω

1 Ω
(b)

5 Ω50 V 

2 Ω
2 Ω

2 Ω

1.5 Ω

1 Ω
(c)

5 Ω50 V 

 

2 Ω

3.5 Ω

1 Ω
(d)

2 Ω5 Ω50 V
1.27 Ω

1 Ω
(e)

2 Ω5 Ω50 V

2.27 Ω

(f)

2 Ω5 Ω50 V
0.88 Ω

(g)

50 V 

I

 

Fig. 1.43

I = =
50

0 88
56 82.82 A

 Example 1.20  Three equal resistors of 30 W each are connected in parallel across a 120 V dc sup-

ply as shown in Fig. 1.44. What is the current through each of them (a) if one of the resistors burns out, or 

(b) if one of the resistors gets shorted?

30 Ω30 Ω120 V

+

−

I1 I2 I3

30 Ω

 

Fig. 1.44
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Solution

(a) If one of the resistors burns out, it will act as an open circuit (Fig. 1.45).

      

I

I I

3

1 2I I

0

120

30
4

=

=I2I = A

(b) If one of the resistors gets shorted, the effective resistance becomes zero (Fig. 1.46).

       I I1 2I I 0=I2I    

30 Ω30 Ω120 V

+

−

I1 I2 I3

 

Fig. 1.46

 Example 1.21  A lamp rated at 100 V, 75 W is to be connected across a 230 V supply. Find the value 

of resistance to be connected in series with the lamp. Also fi nd the power loss occuring in the resistor.

Solution The network is shown in Fig. 1.47.

V P V1 1V PV P100 75 230=P1PP =1PP 75 W, V

100 100 VV

I L
R

230230 VV  

Fig. 1.47

(a) Value of resistance

Rated current of the lamp

I
P

V
= = =1PP

1VV

75

100
0 75.75 A

Lamp will operate normally on 230 V supply if the current fl owing through the lamp remains the rated 

current, i.e., 0.75 A.

Voltage across the resistor R

V2VV 230 100 130= −230 =  V

R = =
130

0 75
173 33.  33 Ω

 

(b) Power loss occurring in the resistor

P
V

R
2PP

2VV 2 2

173 33
97 5= = =

( )130

.
.5 W

30 Ω30 Ω120 V

+

−

I1 I2 I3

 

Fig. 1.45
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 Example 1.22  A 100 V, 60 W lamp is connected in series with a 100 V, 100 W lamp and the combi-

nation is connected across 200 V mains. Find the value of the resistance that should be connected in parallel 

with the fi rst lamp so that each lamp may get the rated current at rated voltage.

Solution The network is shown in Fig. 1.48.

V

P

V

P

V

1VV

1PP

2VV

2PP

100

60

100

100

200

=
=
=
=
=

 V

W

 V

 W

V  

Rated current of the lamp L
1

I
P

V
1

1PP

1VV

60

100
0 6= = = .6 A

Rated current of the lamp L
2

I
P

V
2

2PP

2VV

100

100
1= = = A

Let R be the value of resistance that should be connected in parallel with the lamp L
1
 so that rated current 

fl ows through the lamp L
1
.

Current through resistor R

I = 1 0− 6 0= 4. .6 0 A

R
V

I
= = =1VV 100

0 4
250 Ω

 Example 1.23  A 100 V, 60 W lamp is connected in series with a 100 V, 100 W lamp across 200 V 

supply. What will be the current drawn by the lamps? What will be the power consumed by each lamp and 

will such a combination work?

Solution The network is shown in Fig. 1.49.

V P

V P

V

1 1V PV P

2 2V PV

100 60

100 100

200

=P1PP

=P2PP

=

W

2P 100 W

 V

(a) Current drawn by the lamps

Resistance of the lamp L
1

R
V

P
1RR

1VV 2

1PP

2

60
166 67= = =

( )100
.67 Ω

 

Resistance of the lamp L
2

R
V

P
2R

2VV 2

2PP

2

100
100= = =

( )100
Ω

Current drawn by the lamps 

I
V

R R
= =

+
=

1 2R RR

200

166 67 100
0 75

.
.  75 A

 

100100 VV 100 100 VV

L1

R

L2

200200 VV  

Fig. 1.48

100100 VV 100 100 VV

L1 L2

200200 VV

Fig. 1.49
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(b) Power consumed by the lamps

Power consumed by the lamp  L I R1LL 2
1R 275 67 93 75=I R1RR =67( .0 ) .2 166×166 .  75 W

Power consumed by the lamp  L I R2
2

2R 275 25=I R2R ( .0 ) .2 100 56× =100 W

If a 100 V, 60 W lamp draws a power of 93.75 W, its fi lament will be overheated and will burn out. 

Hence, such a combination will not work.

 Example 1.24  A resistor R is connected in series with two lamps of 12 V, 9 W across a 300 V 

supply. Find the value of R so that both the lamps operate at rated conditions. If one of the lamps is short 

circuited, fi nd the current through the circuit and the power dissipited in each lamp.

Solution The network is shown in Fig. 1.50.

V V

P P

1 2V VV

1 2P PP

12

9

300

=V2VV

=P2PP

 V

 W

V  300= V

(a) Value of R

Rated current of lamps L
1
 and L

2
 

I
P

V

P

V
= = = =1PP

1VV

2PP

2VV

9

12
0 75.  75 A

 

Resistance of the lamps L
1
 and L

2
 

R R
V

P

V

P
1 2R RR

1VV 2

1PP

2VV 2

2PP

2

9
16= = == =

( )12
Ω

Voltage across the resistor R

V3VV 300 12 12 276= −300 − =12 V  

R
V

I
= = =3VV 276

0 75
368 Ω  

(b) Current through the circuit if the lamp L
2
 is short circuited

If the lamp L
2
 is short circuited, resistance across terminals of L

2
 is zero. If the new current is I′ then

0 78

= ′
′ =

I

I

( )16 368+
.  78 A  

(c) Power dissipated in each lamp if the lamp L
2
 is short circuited

Power dissipated in the lamp  L R1LL 2
1RR 278 73′ = 78( )I ′ ( .00 ) .2 12 6 92  W

Power dissipated in the lamp  L2 0=

 Example 1.25  A dc arc has voltage/current relation expressed by V 44
30

I
+44 .  It is connected in 

series with a resistor across a 100 V supply. If the voltage across the arc and the resistor are equal, fi nd the 

ohmic value of the resistor.

L1 L2
R

300 300 VV

12 12 VV 1212 VV v33

Fig. 1.50
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Solution The network is shown in Fig 1.51.

V

V V

V V V

V V

=

+V =
=V

100

100

50

1 2V VV V

1 2VV VV+VV

1 2V VV VV

V

For a dc arc,

V
I

I
I

1VV 44
30

50 44
30

5

= +44

= +44

=  A

 

Ohmic value of the resistor

  R
V

I
= = =2VV 50

5
10 Ω  

 Example 1.26  Find the voltage V
AB

 in the network as shown in Fig. 1.52.

10 V

10 Ω

A B

20 Ω 40 Ω

30 Ω

Fig. 1.52

Solution The resistors of 10 Ω and 20 Ω are in series. Similarly, the resistors of 30 Ω and 40 Ω are in series.

By voltage-division rule,

V

V

V V V

AV

BVV

ABV A BV VV

= ×
+

=

= ×
+

=

VAV =

10
20

10 20
6 67

10
40

30 40
5 71

6 67 5− 7. .67 5

V

V

1 011 96.  96 V

1.8     SERIES AND PARALLEL COMBINATION OF INDUCTORS

Let L L L1 2L LL 3L 2L and  be the inductances of three inductors connected 

in series across an ac voltage source v as shown in Fig. 1.53. Let 

v v v1 2v 32v and  be the voltages across inductances L L L1 2L LL 3LL 2L and  

respectively.

In series combination, the same current fl ows through each 

inductor but the voltage across each inductor is different.

v v v v

L
di

dt
L

di

dt
L

di

dt
L

di

dt
L L L L

TL

TL

= +v +

= +L +

+L

1 1vv 3

1 2
d

L+LL 3L

1 2L+LL 3L

v11

I R

100 100 VV

v22

Fig. 1.51

v

L1

v11 v22

i L2 L3

v33

Fig. 1.53  Series connection of 

inductors
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Hence, when a number of inductors are connected in series, the equivalent inductance is the sum of all the 

individual inductances.

Figure 1.54 shows three inductors connected in parallel 

across an ac voltage source v. Let i i i1 2i ii 3ii 2i and  be the current 

through each inductance L L L1 2L LL 3LL 2L and  respectively.

In parallel combination, the voltage across each inductor 

is same but the current through each inductor is different.

i i i i

L L
v dt

L L
v dt

TL

+i

+v dt∫ ∫v dt
L

= ∫ ∫v dt
L

+

1 2i i+ii 3ii

1 2LL L∫L 3LL

1 1
∫ d

1 1
∫ d

1 1 1 1

1 2 3

1 2 3

1 2 2 3 3 1

L L11 L L2 33

L
L L11 L33

L L11 L L L L3 13 1

TL

TL

= + +

=
+ +2 3L L2 33

Hence, when a number of inductors are connected in parallel, the reciprocal of the equivalent inductance 

is equal to the sum of reciprocals of individual inductances.

 Example 1.27  Find an equivalent inductance between terminals A and B in the network of Fig. 1.55.

1 H

8 H

2 H
A B

8 H

Fig. 1.55

Solution The network can be simplifi ed by series–parallel reduction technique (Fig. 1.56).

2 H
A B

4 H

(a)

(b)

7 H

1 H

A B

Fig. 1.56

L
AB

 = 7 H

 Example 1.28  Find an equivalent inductance of the network shown in Fig 1.57.

4 H

5 H
A

4 H

4 H

2 H

5 H
B

3 H 3 H

Fig. 1.57

L1

L2

L3

i1

i2

i3

i

v

Fig. 1.54 Parallel connection of inductors
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Solution The network can be simplifi ed by series–parallel reduction technique (Fig. 1.58).

5 H
A

A

A

A

B

B

B

B

1.33 H

1.33 H

1.33 H

11.83 H

2.5 H

2 H 3 H

3 H

3 H

5 H

(a)

(b)

(c)

(d)

5 H

5 H

5 H

5 H

3 H

Fig. 1.58

L
AB

 = 11.83 H

1.9    SERIES AND PARALLEL COMBINATION OF CAPACITORS 

Let C C C1 2C C 32C and  be the capacitances of three capacitors connected in series across an ac voltage source v as 

shown in Fig 1.59. Let v v v1 2v 32v and  be the voltages across capacitances 

C C C1 2C C 3 2C and  respectively.

In series combination, the charge on each capacitor is same but 

voltage across each capacitor is different.

v v v v

C C
i dt

C C
i dt

T

= +v +

+i dt∫ ∫i dt
C

= ∫ ∫i dt
C

+

1 2v+ 3

1 2C∫
3

1 1
∫ d

1 1
∫ d

 

1 1 1 1

1 2 3C C1 C C2 3T

= + +

C
C C C

C C C C C C
T =

+ +C C

1 2C C 3

1 2C C 2 3C CC CC 3 1C CC C

Hence, when a number of capacitors are connected in series, the reciprocal of the equivalent capacitance 

is equal to the sum of reciprocals of individual capacitances.

1.  Voltage Division in a Series Circuit

Q C V C V C V C V

V
Q

C

C V

C

C C

C C C C C C
V

T

T

C VT C V

= = =
+ +C C

1 1VV 2 2VVV 3 3VV

1VV
1 1CC

2 3C CC

1 2C C 2 3C CC CC 3 1C CC C

V
Q

C

C V

C

C C

C C C C C C
V

V
Q

C

C V

C

C C

C C C C

T

T

2VV
2 2C

1 3C CC C

1 2C C 2 3C C 3 1C CC C

3VV
3 3CC

1 2C C

1 2C C 2 3C CC

= = =
+ +C C3C CC

= = =
+ ++ C C

V
3 1C CC C

 

v11

C1 C2 C3

v22

v

v33

Fig. 1.59  Series combination of 

capacitors
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Figure 1.60 shows three capacitors connected in parallel across 

an ac voltage source v. Let i i i1 2i ii 3ii 2i and  be the current through each 

capacitance C C C1 2C C 32C and  respectively.

In parallel combination, the voltage across each capacitor is same 

but current through each capacitor is different.

              

i i i i

C
dv

dt
C

dv

dt
C

dv

dt
C

dv

dt

C C C C

T

T

+i

= +C +

+C

1 2i i+ii 3ii

1 2
d

C+ 3

1 2C+ 3  

Hence, when a number of capacitors are connected in parallel, the 

equivalent capacitance is the sum of all the individual capacitance.

 Example 1.29  What is the equivalent capacitance between terminals A and B in the network of 

Fig. 1.61.

1 μF

2 μF

2 μF 2 μFA B

Fig. 1.61

Solution The network can be simplifi ed by series–parallel reduction technique (Fig. 1.62).

 

1 μF

2 μF

1 μF

(a)

(b)

(c)

A B BA

3 μF 1 μF

BA

0.75 μF

Fig. 1.62

CAB = 0 75.  75 Fμ  

 Example 1.30  Find the equivalent capacitance for the network of Fig. 1.63.

BA

3 μF

4 μF

2 μF

2 μF

3 μF 5 μF

Fig. 1.63

C1

C2

C3

i1

i2

i3

i

v

Fig. 1.60  Parallel combination of 

capacitors



1.30 Network Analysis and Synthesis

Solution The network can be simplifi ed by series–parallel reduction technique (Fig. 1.64).

BA

1.5 μF

4 μF

2 μF

2 μF

(a) (b)

(c) (d)

(e)

5 μF

BA

5.5 μF2 μF

2 μF

5 μF

BA

1.47 μF

2 μF

5 μF

BA

3.47 μF 5 μF

BA

2.05 μF

Fig. 1.64

CAB = 2 05.05 Fμ  

 Example 1.31  What is equivalent capacitance between terminals A and B in the network of

Fig. 1.65? 
6 μF 4 μF

4 μF

2 μF

6 μF

A

B

Fig. 1.65

Solution The network can be simplifi ed by series–parallel reduction technique (Fig. 1.66).

6 μF 8 μF

2 μF

6 μF

(a)

A

B

6 μF

2 μF 3.429 μF

(b)

A

B

6 μF

5.429 μF

(c)

A

B

Fig. 1.66
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C
AB

 = 2.85 μF

 Example 1.32  What is equivalent capacitance between terminals A and B in the network of Fig. 1.67? 

3 μF

3 μF

6 μF

3 μF 6 μF

A

B

Fig. 1.67

Solution The network can be simplifi ed by series–parallel reduction technique (Fig. 1.67).

3 μF

6 μF

3 μF 9 μF

(a)

A

B

8.25 μF3 μF

(c)

A

B

6 μF

3 μF 2.25 μF

(b)

A

B

Fig. 1.68

C
AB

 = 11.25 μF

 Example 1.33  A combination of four capacitors is shown in Fig. 1.69. Find the value of C to obtain 

an equivalent capacitance of 0.5 mF.

0.6 μF

C

0.8 μF

0.2 μF

Fig. 1.69
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Solution

C
C

C C

C

eq =
+

+ + +
=

+
=

( .C + )( + )

+

C

6. 0 2. 0 8.

0 6. 0 2. 0 8.
0 5.

0 8.

0 5. 0 2.22

0 4C = . F4 μFF

1.10    STAR-DELTA TRANSFORMATION

When a circuit cannot be simplifi ed by normal series–parallel reduction technique, the star-delta transformation 

can be used.

Figure 1.70 (a) shows three resistors R
A
, R

B
 and R

C
 connected in delta.

Figure 1.70 (b) shows three resistors R
1
, R

2
 and R

3
 connected in star.

1

2 3

1

RB

R1

R2 R3

RC

RA

2 3

(a) (b)

Fig. 1.70 (a) Delta networks  (b) Star Network

These two networks will be electrically equivalent if the resistance as measured between any pair of 

terminals is the same in both the arrangements.

1.10.1 Delta to Star Transformation

Referring to delta network shown in Fig. 1.70 (a), the resistance between terminals 1 and 2 

= R
R

R R R
CRR

CRR

A BR CRR
� ( )R RAR B

( )R RAR BR
=)RBR

+RBR

Referring to the star network shown in Fig. 1.70 (b), the resistance between terminals 1 and 2 = R R1 2R RR .

Since the two networks are electrically equivalent,

R R
R

R R R

CRR

A BR CRR
1 2RR =R2R

+RBR

( )R RAR BR+
  ...(1.1)

Similarly,  R R
R

R R R

AR

A BR CRR
2 3R =R3RR

+RBR

( )R RBR CRR+
  ...(1.2)

and  R R
R

R R R

BR

A BR CRR
3 1RR =R1RR

+RBR

( )R RAR CRR+
  ...(1.3)

Subtracting Eq. (1.2) from Eq. (1.1),

R R
R R R R

R R R

B CR RR A BR R

A BR CRR
1 3R RR =R3RR

−
+RBR

  ...(1.4)
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Adding Eq. (1.4) and Eq. (1.3),

R
R R

R R R

B CR RR

A BR CRR
1RR =

+RBR

Similarly,  R
R R

R R R

A CR RR

A BR CRR
2R =

+RBR
 

R
R R

R R R

A BR R

A BR CRR
3RR =

+RBR  

Thus, star resistor connected to a terminal is equal to the product of the two delta resistors connected to 

the same terminal divided by the sum of the delta resistors.

1.10.2 Star to Delta Transformation

Multiplying the above equations,

R R
R R RA BR R CRR

1 2R RR
2

2
=

( )R R RA BR CRR+RBR
  ...(1.5)

R R
R R RA BR R CRR

2 3R RR
2

2
=

( )R R RA BR CRR+RBR
  ...(1.6)

R R
R R RA BR R CRR

3 1R RR R
2

2
=

( )R R RA BR CRR+RBR
  ...(1.7)

Adding Eqs (1.5), (1.6) and (1.7),

R R R R R R
R R R R R R

R R R

A BR R CRR A BR R CRR

A BR CRR
1 2R RR 2 3 3 1R RR R

2
+ +R R2 3R RR = =

+RBR

( )R R RAR B CRR+ RR

( )R R RA BR CRR+RBR

= === =R R R R R RA =R R R CRR1 2RB=R R 3RR  

Hence,   

R
R R R R R R

R
R R

R R

R

R
R R R R R R

R
R R

AR

BR

=
+ +R R

= R +

=
+ +R R

= R +

1 2R RR 2 3R RR 3 1R RR R

1RR
2 3RRR

2 3R RR

1RR

1 2R RR 2 3R RR 3 1R RR R

2R
1 3RRRR

R RRR

R

R
R R R R R R

R
R R

R R

R
CRR

3 1R RR RRRR

2R

1 2R RR 2 3 3 1R RR R

3RR
1 2R

1 2R RR

3RR
=

+ +R R2 3R RR
= RRR +

 

Thus, delta resistor connected between the two terminals is the sum of two star resistors connected to the 

same terminals plus the product of the two resistors divided by the remaining third star resistor.

Note: (1) When three equal resistors are connected in delta (Fig. 1.71), the equivalent star resistance is given by

R
R R

R R R

R
YR =

RR
=Δ ΔR R

Δ Δ ΔR R RRR

ΔR

3

R RYRΔR 3  
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A
A

B B CC

RΔ

RY

RY RY

RΔ

RΔ

Fig. 1.71 Equivalent star resistance for three equal delta resistors

(2) Star-delta transformation can also be applied to network containing inductors and capacitors.

 Example 1.34  Find an equivalent resistance between A and B in the network of Fig. 1.72.

4 Ω

4.5 Ω 4.5 Ω

7.5 Ω7.5 Ω

3 Ω

3 Ω

3 ΩA B

Fig. 1.72

Solution Converting the two delta networks formed by resistors of 4.5 Ω, 3 Ω and 7.5 Ω into equivalent 

star networks (Fig. 1.73 and Fig. 1.74),
4 Ω

3 Ω

R3

R2

R1

R5

R4

R6

A B

Fig. 1.73

  

R R

R R

R R

1 6R RR R

2 5R R

3 4R RR R

4 5 7 5

4 5 7 5 3
5

7 5 3

4 5 7 5 3
5

=R6R
×

+ +7 5
= Ω2 25

=R5R
×

+ +7 5
= Ω1 5

. .5 7×
. .5 7+ 7

.

. .5 7+ 7

==
×

+ +
= Ω

4 5 3

4 5 7 5 3
0 9

. .+5 7  

4 Ω

1.5 Ω

2.25 Ω

0.9 Ω

1.5 Ω

3 Ω

0.9 Ω

2.25 Ω
A B

Fig. 1.74
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Simplifying the network (Fig. 1.75),

5.8 Ω

2.25 Ω

2.25 Ω 2.25 Ω2.95 Ω

7.45 Ω

2.25 Ω

6 Ω
(a)

(b)

(c)

A

A

A

B

B

B

Fig. 1.75

RABR = Ω7 45

 Example 1.35  Find an equivalent resistance between A and B in the network of Fig. 1.76.

10 Ω

10 Ω 10 Ω

10 Ω

10 Ω
A

C D
10 Ω

B

Fig. 1.76

Solution Redrawing the network (Fig. 1.77),

10 Ω
10 Ω

10 Ω

10 Ω10 Ω

C

A B

D

Fig. 1.77

Converting the delta network formed by three resistors of 10 Ω into an equivalent star network (Fig. 1.78 

and Fig. 1.79),
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A

C

D

B

R2

R1

R3

10 Ω

10 Ω

Fig. 1.78

A B

C

D

10

10 Ω

10 Ω

3
Ω

10

3
Ω

10

3
Ω

Fig. 1.79

R R R1 2R RR 3RR
10 10

10 10 10

10

3
=R2R =

×
+ +10

= Ω
10

Simplifying the network (Fig. 1.80),

40

3

BA A

A

B

B

Ω

40

3
Ω

10

3
Ω 20

10 Ω

3
Ω10

3
Ω

(a)

(b)

(c)

Fig. 1.80

RABR = Ω0

 Example 1.36  Find an equivalent resistance between A and B in the network of Fig. 1.81.

6 Ω
9 Ω 1.5 Ω

3 Ω4 Ω

1 Ω

A

B C

Fig. 1.81
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Solution Converting the star network formed by resistors of 3 Ω, 4 Ω and 6 Ω into an equivalent delta 

network (Fig. 1.82 and Fig. 1.83),

1.5 Ω9 Ω

1 Ω

R1

R3

R2

A

B C

Fig. 1.82

9 Ω

18 Ω

13.5 Ω

9 Ω

1.5 Ω

1 Ω

A

B C

Fig. 1.83

R

R

R

1RR

2R

3RR

6 4
6 4

3
8

6 3
6 3

4
3 5

4 3
4 3

6
9

= 6 + = Ω18

= 6 + = Ω13 5

= 4 + = Ω9

.    

Simplifying the network (Fig. 1.84),

RABR = +

=

= Ω

6 35 0

6 2 25

6

�

�

( .1 . )9

.

     

1.35 Ω

0.9 Ω

6 Ω

A

B C

Fig. 1.84

 Example 1.37  Find an equivalent resistance between A and N by solving outer delta ABC in Fig. 1.85.

2 Ω
12 Ω 12 Ω

2 Ω2 Ω

12 Ω

A

N

B C

Fig. 1.85
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Solution Converting outer delta ABC into a star network (Fig. 1.86),

RYR =
×

+ +
= Ω

12 12

12 12 12

   

4 Ω

4 Ω 2 Ω 2 Ω

2 Ω

4 Ω

AA

BB

N

C C

M

Fig. 1.86

Simplifying the network (Fig. 1.87),

4 Ω

(a) (b)

4 Ω 6 Ω 6 Ω

2 Ω

2 Ω2 Ω

2 Ω

4 Ω

A

N

2 Ω
A

M

N

(c)

4 Ω 3 Ω

2 Ω
A

M

M

N

(d) (e)

4 Ω 5 Ω

A

N

2.22 Ω

A

N

 

Fig. 1.87

RANR = Ω.

 Example 1.38  Find an equivalent resistance between A and B in the network of Fig. 1.88.

4 Ω

2 Ω

41 Ω

15 Ω

15 Ω

6 Ω

6 Ω 17 Ω 11 Ω

4 Ω

A B

Fig. 1.88
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Solution The resistors of 2 Ω and 4 Ω and the resistors of 4 Ω and 11 Ω are connected in series (Fig. 1.89).

41 Ω

15 Ω

17 Ω

15 Ω

15 Ω6 Ω

6 Ω

6 Ω

BA

Fig. 1.89

Converting the two outer delta networks into equivalent star networks (Fig. 1.90),

R

R

YR

YR

1YY

2YY

6 6

6 6 6

15 15

15 15 15
5

=
66

= Ω2

=
×

+ +15
= Ω5

   

41 Ω

2 Ω

2 Ω

2 Ω

5 Ω

5 Ω

5 Ω17 Ω

A B

Fig. 1.90

Simplifying the network (Fig. 1.91),

2 Ω

2 Ω

48 Ω

24 Ω

16 Ω

23 Ω

5 Ω

5 Ω

A B

BA

A B

(a)

(b)

(c)

Fig. 1.91

RABR = Ω3  

 Example 1.39  Find an equivalent resistance between A and B in the network of Fig. 1.92.

15 Ω 20 Ω

25 Ω

45 Ω

30 Ω

40 Ω

35 Ω

A

B

Fig. 1.92
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Solution Drawing the resistor of 30 Ω from outside (Fig. 1.93),

15 Ω 20 Ω

25 Ω

45 Ω

40 Ω

35 Ω 30 Ω

A

B

Fig. 1.93

Converting the delta network formed by resistors of 20 Ω, 25 Ω and 35 Ω into an equivalent star network 

(Fig. 1.94),

   

R

R

R

1RR

2R

3RR

20 35

20 35 25
8 75

20 25

20 35 25
6 5

35 25

20 35

=
×

+ +35
= Ω8 75

=
×

+ +35
= Ω6 25

=
×

+ +35 2522
0 9= Ω10 94.

15 Ω

45 Ω

40 Ω

30 Ω

A

B

R2 R1

R3

Fig. 1.94

Redrawing the network (Fig. 1.95),

15 Ω 6.25 Ω

45 Ω

40 Ω

8.75 Ω

30 Ω

10.94 Ω

A

B

Fig. 1.95

Simplifying the network (Fig. 1.96),

15 Ω 6.25 Ω

45 Ω

15 Ω 15 Ω

45 Ω 28.26 Ω

6.25 Ω

45 Ω 22.01 Ω

50.94 Ω 38.75 Ω

A

A A

BB

B

(b)

(a)

(c)

Fig. 1.96 Continued
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15 Ω

17.36 Ω 32.36 Ω

A A

BB

(d) (e)

Fig. 1.96

RABR = Ω32 36.  

 Example 1.40  Find an equivalent resistance between A and B in the network of Fig. 1.97.

10 Ω

5 Ω 15 Ω

2 Ω

5 Ω

10 Ω 25 Ω

30 Ω

20 Ω 5 Ω
A

B

Fig. 1.97

Solution The resistors of 5 Ω and 25 Ω and the resistors of 10 Ω and 5 Ω are connected in series (Fig. 1.98).

20 Ω

5 Ω

15 Ω

15 Ω

2 Ω

30 Ω

30 Ω

10 Ω
A

B

Fig. 1.98

Converting the delta network formed by the resistors of 20 Ω, 5 Ω and 15 Ω and 15 Ω into an equivalent 

star network (Fig. 1.99),

 

R

R

R

1RR

2R

3RR

20 5

20 5 15
2 5

20 15

20 5 15
7 5

5 15

20 5 15
1 8

=
×

+ 5
= Ω2 5

=
×

+ 5
= Ω7 5

=
+ 5

= . 58755 Ω
 

10 Ω

15 Ω

2 Ω

30 Ω

30 Ω

A

B

R1 R2

R3

Fig. 1.99
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Redrawing the network (Fig. 1.100),

10 Ω 2.5 Ω

7.5 Ω

30 Ω

30 Ω

1.875 Ω

(a) (b)

12.5 Ω

30 Ω

37.5 Ω
3.875 Ω

15 Ω15 Ω

2 Ω

A A

B B

Fig. 1.100

Converting the delta network formed by the resistors of 3.875 Ω, 37.5 Ω and 30 Ω into an equivalent star 

network (Fig. 1.101),

R

R

4RR

5R

3 875 37 5

3 875 37 5 30
0

3 875 30

3 875 37 5 30
1

=
×

+ 37 5
= Ω2 04

=
×

+ 37 5
=

. .875 37×
. .875 37+ 37

.

. .875 37+ 37
..

.

. .
.

63

37 5 30

3 875 37 5 30
15 766

Ω

=
.+ 37 5

= Ω.15 76R66

  

12.5 Ω

15 Ω

A

B

R4

R5

R6

Fig. 1.101

Simplifying the network (Fig. 1.102),

12.5 Ω

(a) (b)

(c) (d)

15.76 Ω

15 Ω

14.54 Ω

16.63 Ω

7.76 Ω 15.76 Ω 23.52 Ω

15.76 Ω

1.63 Ω

2.04 Ω

B B

B B

A A

AA

Fig. 1.102

RABR = Ω23 52.  
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 Example 1.41  Find an equivalent resistance between A and B in the network of Fig. 1.103.

6 Ω

3 Ω

5 Ω

5 Ω

8 Ω

4 Ω

4 Ω

A

B

Fig. 1.103

Solution Converting the star network formed by the resistors of 3 Ω, 5 Ω and 8 Ω into an equivalent delta 

network (Fig. 1.104 and Fig. 1.105),

6 Ω

5 Ω

4 Ω

4 Ω

R1

R2

A

B

R3

Fig. 1.104

6 Ω

9.875 Ω

15.8 Ω
5 Ω

26.33 Ω

4 Ω

4 Ω

A

B

Fig. 1.105

R

R

R

1RR

2R

3RR

3 5
3 5

8
9 875

3 8
3 8

5
15 8

5 8
5 8

3
26 33

= 3 + = Ω9 875

= 3 + = Ω15 8

= 5 + = Ω26 33

.

.

.

   

The resistors of 15.8 Ω and 5 Ω and the resistors of 26.33 Ω and 4 Ω are connected in parallel (Fig. 1.106),

6 Ω 4 Ω

9.875 Ω

3.8 Ω 3.47 Ω

A

B

Fig. 1.106
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Converting the delta network into a star network (Fig. 1.107),

4 Ω
4 Ω

2 Ω

0.77 Ω

6 Ω

2.19 Ω

6 Ω
A

B

B

A

R4 R6

R5

Fig. 1.107

R

R

4RR

5R

3 8 9 875

3 8 9 875 3 47
9

3 8 3 47

3 8 9 875 3 47

=
×

+ +9 875
= Ω2 19

=
×

+ +9 875
=

. .8 9×
. .8 9+ 9

.

. .8 3×
. .8 9+ 9

0 700 7

3 47 9 875

3 8 9 875 3 47
6

. .47 9

. .8 9

Ω

=
+ +9 875.9

= Ω2R66

Simplifying the network (Fig. 1.108),
4 Ω

6 Ω

0.77 Ω

6 Ω 2.19 Ω

8.19 Ω

3.46 Ω 0.77 Ω

4.23 Ω

0.77 Ω

2 Ω

A

(a)

(b)

(c)

(d)

B

B

B

A

A

A B

Fig. 1.108

RABR = Ω3.
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 Example 1.42  Find an equivalent resistance between A and B in the network of Fig. 1.109.

6 Ω

5 Ω

4 Ω 8 Ω

3 Ω

4 Ω

A

B

Fig. 1.109

Solution Converting the star network formed by the resistors of 3 Ω, 4 Ω and 5 Ω into an equivalent delta 

network (Fig. 1.110),

   

R

R

R

1RR

2R

3RR

5 4
5 4

3
5 67

3 4
3 4

5
9

5 3
5 3

4
75

= 5 + = Ω15 67

= 3 + = Ω9 4

= 5 + = Ω11 75

.

.

5 Ω 3 Ω

4 Ω

(a) (b)

R3

R1 R2

⇒

Fig. 1.110

Similarly, converting the star network formed by the resistors of 4 Ω, 6 Ω and 8 Ω into an equivalent delta 

network (Fig. 1.111),

  

R

R

R

4RR

5R

6RR

6 8
6 8

4
6

4 8
4 8

6
7 33

6 4
6 4

8
13

= 6 + = Ω26

= 4 + = Ω17 33

= 6 + = Ω13

.

6 Ω 4 Ω

8 Ω

R6

R4 R5

⇒

(a) (b)

Fig. 1.111

These two delta networks are connected in parallel between points A and B (Fig. 1.112).

13 Ω

11.75 Ω

26 Ω 15.67 Ω 9.4 Ω 17.33 Ω

A

B

Fig. 1.112

The resistors of 9.4 Ω and 17.33 Ω are in parallel with a short. Hence, the 

equivalent resistance of this combination becomes zero.

6.17 Ω
9.78 . Ω

A

B

Fig. 1.113
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Simplifying the parallel networks (Fig. 1.113),

RABR = = Ω6 17 9 78 3 78.9.17 �  

 Example 1.43  Determine the current supplied by the battery in the network of Fig. 1.114.

4 Ω

6 Ω

6 Ω

50 V 2 Ω

4 Ω

6 Ω

Fig. 1.114

Solution Converting the delta network formed by resistors of 6 Ω, 6 Ω and 6 Ω into an equivalent star 

network (Fig. 1.115),

4 Ω

2 Ω

2 Ω

50 V

2 Ω

2 Ω

4 Ω

Fig. 1.115

Simplifying the network (Fig. 1.116),

6 Ω
2 Ω

6 Ω

3 Ω 2 Ω

2 Ω 2 Ω

5 Ω

2 Ω50 V 50 V 50 V

(a) (b) (c)

I

Fig. 1.116
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I = =
50

5 2+
7. A14

 Example 1.44  Calculate the current fl owing the 10 W  resistor in Fig. 1.117.

12 Ω12 Ω

4 Ω

34 Ω

10 Ω

8 Ω

13 Ω30 Ω

17 Ω30 Ω

A

C E

F

B D

180 V

Fig. 1.117

Solution Between terminals A and B resistors of 8 Ω and 4 Ω are connected in series. Similarly, between 

terminals F and E, resistors of 17 Ω and 13 Ω are connected in series (Fig. 1.118),

12 Ω

12 Ω

34 Ω

12 Ω

10 Ω

30 Ω

30 Ω

30 Ω

180 V F

E

D
A

B

C

Fig. 1.118

Converting delta ABC and DEF into an equivalent star network (Fig. 1.119),

10 Ω

10 Ω

10 Ω

10 Ω

4 Ω

4 Ω
4 Ω

34 Ω

180 V

Fig. 1.119
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Simplifying the network (Fig. 1.120),

24 Ω

(a)

10 Ω4 Ω

48 Ω

180 V

I

I ′

(b)

10 Ω4 Ω 16 Ω

180 V

I

Fig. 1.120

I = =
180

4 1+ 6 1+ 0
6 A

By current division rule,

I I I′ = =I ×
+

=Ω ΩI= I24 0 6
48

24 48
4 A

 

 Example 1.45  Find the current supplied by the battery in the network of Fig. 1.121.

10 Ω

50 Ω

40 Ω 20 Ω

30 Ω

5 Ω15 V  

Fig. 1.121

Solution Converting the star network formed by resistors of 40 Ω, 20 Ω and 50 Ω into an equivalent delta 

network (Fig. 1.122 and Fig. 1.123),

R

R

R

1RR

2R

3RR

40 20
40 20

50
76

40 50
40 50

20
90

20 50
20 50

40

= +40 +
×

= Ω76

= +40 +
×

= Ω190

= +20 +
×

= 9599 Ω
10 Ω 30 Ω

5 Ω15 V

R3

R2

R1

Fig. 1.122

76 Ω

190 Ω
95 Ω

10 Ω 30 Ω

5 Ω15 V

Fig. 1.123
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The resistors of 190 Ω and 10 Ω and the resistors of 95 Ω and 30 Ω are connected in parallel (Fig. 1.124).

76 Ω

9.5 Ω 22.8 Ω

5 Ω15 V

Fig. 1.124

Simplifying the network (Fig. 1.125),

I =
+

=
15

22 67 5
0

.
. A542

   

 

76 Ω

32.3 Ω

5 Ω15 V

(a)

22.67 Ω

5 Ω15 V

I

(b)

Fig. 1.125

 Example 1.46  Find an equivalent inductance between terminals A and B in the network of Fig. 1.126.

A

B

6 H

6 H

2 H

2 H

2 H

6 H

Fig. 1.126

Solution Converting the star network formed by inductors of 2 H, 2 H and 2 H into an equivalent delta 

network (Fig. 1.127),

A

B

6 H

6 H

6 H
6 H 6 H6 H

Fig. 1.127

Simplifying the network (Fig. 1.128),

A

B

2 H

A

B

6 H3 H

A

B

(a) (b) (c)

3 H

3 H

3 H

Fig. 1.128
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LABL = 2 H

 Example 1.47  Determine the capacitance between terminals A and B in the network of Fig. 1.129.

2 μF 4 μF

3 μF

5 μF1 μF

A B

Fig. 1.129

Solution Converting delta network formed by capacitors of 2 μF, 1 μF and 3 μF into an equivalent 

star network [Fig. 1.130 (a)],

C

C

C

1

2

3

1 2
1 2

3
3 6

1 3
1 3

2
5 5

2 3
2 3

1
11

= +1 + =

= 1 + =

= 2 + =

. F67

. F5

F

μ

μ

μ

2 μF 4 μF

3 μF

5 μF1 μF

A B

(a)

C1 C3

C2

Simplifying the network (Fig. 1.130),

11 μF

3.67 μF

4 μF

3.67 μF

2.93 μF

2.62 μF
5 μF5.5 μF

3.67 μF 5.55 μF 2.21 μF

A

A AB B

B

A B

(b)

(d) (e)

(c)

Fig. 1.130

CAB = 2 21. μF  

 Example 1.48  If the combined capacitance of network shown is 5 μF, fi nd capacitance C in the 

network of Fig. 1.31.
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3 μF

C1 μF

2 μF 1 μF

4 μF

1 μF 2 μF

3 μF

Fig. 1.131

Solution The capacitors of 1 μF and 1 μF and the capacitors of 1 μF and 3 μF are in parallel (Fig. 1.132),

2 μF

2 μF

4 μF

4 μF

2 μF

3 μF

C

Fig. 1.132

Replacing star network formed by capacitors of 4 μF, 4 μF 

and 2 μF into an equivalent delta network (Fig. 1.133),

      

C

C C

1

2 3C C

4 4

4 4 2
1 6

4 2

4 4 2
0 8

=
44

=

=C3CC
44

=

μ

μ

F

F

Simplifying the network (Fig. 1.134),

0.6 μF
2.8 μF

3.6 μF 3 μF

C 0.8 μF1.575 μF
3C

3 + C

(a) (b)

Fig. 1.134

1 575 0 8
3

3
5

3

3
2 625

21

. .575 0

.

+ +0 80
+

=

+
=

=

C

C

C

C

C μF
 

1.11    SOURCE TRANSFORMATION

A voltage source with a series resistor can be converted into a equivalent current source with a parallel 

resistor. Conversely, a current source with a parallel resistor can be converted into a voltage source with a 

series resistor as shown in Fig. 1.135.

0.8 μF

1.6 μF

0.8 μF
2 μF

2 μF 3 μF

C

C1

C2

C3
C

Fig. 1.133
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V

V

R

R

R

(a) (b)

⇔ I =

Fig. 1.135 Source transformation

Source transformation can be applied to dependent sources as well. The controlling variable, however 

must not be tampered with any way since the operation of the controlled sources depends on it.

 Example 1.49  Replace the given network of Fig. 1.136 with a single current source and a resistor.

10 A 6 Ω

5 Ω
20 V

A

B

Fig. 1.136

Solution Since the resistor of 5 Ω is connected in parallel with the voltage 

source of 20 V it becomes redundant. Converting parallel combination 

of current source and resistor into equivalent voltage source and resistor 

(Fig. 1.137),

By source transformation (Fig. 1.138),

13.33 A

A

B

6 Ω

Fig. 1.138

 Example 1.50  Reduce the network shown in Fig. 1.139 into a single source and a single resistor 

between terminals A and B.

1 A

A

B

6 V

4 V

3 V

2 Ω 2 Ω

1 Ω3 Ω

Fig. 1.139

6 Ω
6 Ω

80 V
60 V

20 V

A

B B

A

Fig. 1.137
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Solution Converting all voltage sources into equivalent current sources (Fig. 1.140),

1 A 2 A

3 A2 A

2 Ω 2 Ω

1 Ω3 Ω

A

B

Fig. 1.140

Adding the current sources and simplifying the network (Fig. 1.141),

3 A

1 A

1 Ω

0.75 . Ω

A

B

Fig. 1.141

Converting the current sources into equivalent voltage sources (Fig. 1.142),

1 Ω

0.75 Ω 1.75 Ω

0.75 V

3.75 V
3 V

A

B B

A

Fig. 1.142

 Example 1.51  Replace the circuit between A and B in Fig. 1.143 with a voltage source in series 

with a single resistor.

50 Ω30 Ω
3 A

5 Ω 6 Ω

20 V

A

B

Fig. 1.143



1.54 Network Analysis and Synthesis

Solution Converting the series combination of voltage source of 20 V and a resistor of 5 Ω into equivalent 

parallel combination of current source and resistor (Fig. 1.144),

3 A 4 A30 Ω 50 Ω 5 Ω 6 Ω

A

B

Fig. 1.144

Adding the two current sources and simplifying the circuit (Fig. 1.145),

7 A

A

B

30 || 50 || 5 || 6 = 2.38 Ω

Fig. 1.145

By source transformation (Fig. 1.146),

16.67 V

2.38 Ω
A

B

Fig. 1.146

 Example 1.52  Find the power delivered by the 50 V source in the network of Fig. 1.147.

5 Ω

2 Ω
50 V

3 Ω

10 V10 A

Fig. 1.147

Solution Converting the series combination of voltage source of 10 V and resistor of 3 Ω into equivalent 

current source and resistor (Fig. 1.148),
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2 Ω 3 Ω
5 Ω

10 A

50 V

3.33 A

Fig. 1.148

Adding the two current sources and simplifying the network (Fig. 1.149),

5 Ω
1.2 Ω

50 V

13.33 A

Fig. 1.149

By source transformation (Fig. 1.150),

5 Ω 1.2 Ω

50 V 16 V

I

Fig. 1.150

I =
−

=
50 16

5 1+ 2
5

.
. A48

 

Power delivered by the 50 V source = 50 × 5.48 = 274 W

 Example 1.53  Find the current in the 4 W resistor shown in network of Fig. 1.151.

2 Ω 4 Ω

6 V

2 A5 A

Fig. 1.151

Solution Converting the parallel combination of the current source of 5 A and the resistor of 2 Ω into an 

equivalent series combination of voltage source and resistor (Fig. 1.152),
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2 Ω

4 Ω2 A

6 V

10 V

Fig. 1.152

Adding two voltage sources (Fig. 1.153),

2 Ω

4 Ω4 V
2 A

Fig. 1.153

Again by source transformation (Fig. 1.154),

2 Ω 4 Ω2 A 2 A

Fig. 1.154

Adding two current sources (Fig. 1.155),

2 Ω 4 Ω4 A

Fig. 1.155

By current-division rule,

I4 4
2

2 4
1Ω = ×4 = . A33

 Example 1.54  Find the voltage across the 4 W resistor shown in network of Fig. 1.156.

3 Ω

6 Ω 4 Ω

2 Ω 1 Ω

6 V 36 Ω A

Fig. 1.156



1.11 Source Transformation 1.57

Solution Converting the series combination of the voltage source of 6 V and the resistor of 3 Ω into 

equivalent current source and resistor (Fig. 1.157),

2 A 3 A3 Ω 6 Ω 4 Ω

1 Ω2 Ω

Fig. 1.157

By series–parallel reduction technique (Fig. 1.158),

2 A 3 A2 Ω 4 Ω

1 Ω2 Ω

Fig. 1.158

By source transformation (Fig. 1.159),

2 Ω

2 Ω 1 Ω

4 Ω

4 V

3 A

(a)

4 Ω

1 Ω

4 Ω

4 V

3 A

(b)

Fig. 1.159 (continued)

1 A 3 A

(c)

4 Ω 4 Ω

1 Ω

(d)

4 A 4 Ω 4 Ω

1 Ω

(e)

4 Ω 1 Ω

4 Ω16 V

I

Fig. 1.159

I =
+

=
16

4 1+ 4
1. A78

Voltage across the 4 Ω resistor = ×4 4= 1 78 7= 12. .78 7 V
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 Example 1.55  Find the voltage at Node 2 of the network shown in Fig. 1.160.

50 Ω

100 Ω

100 Ω
+
−

15 V

I

1 250 Ω

10 I

Fig. 1.160

Solution We cannot change the network between nodes 1 and 2 since the controlling current I, for the 

controlled source, is in the resistor between these nodes. Applying source transformation to series combination 

of controlled source and the 100 Ω resistor (Fig. 1.161), 

50 Ω

50 Ω 50 Ω

100 Ω 100 Ω 50 Ω

+
−

15 V

15 V

15 V

5 I

1

1 250 Ω

2 50 Ω1 250 Ω

0.1 I 0.1 I

I

I

I

Fig. 1.161

Applying KVL to the mesh,

15 50 50 5 0

15

105
0

− − −50

= =

I I50I I50−− 50

I . A143  

Voltage at Node 2 = − = − × =15 50 15 50 0 143 7 86I . .143 7 V  

1.12    SOURCE SHIFTING

Source shifting is the simplifi cation technique used when there is no resistor in series with a voltage source 

or a resistor in parallel with a current source.

 Example 1.56  Calculate the voltage across the 6 Ω resistor in the network of Fig. 1.162 using 

source-shifting technique.
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3 Ω

4 Ω

2 Ω 6 Ω

1 Ω

Va

+

−

2

1

3

4

18 V

Fig. 1.162

Solution Adding a voltage source of 18 V to the network and connecting to Node 2 (Fig. 1.163), we have

3 Ω

4 Ω 1 Ω

2 Ω 6 Ω Va

+

−

2

1

3

4

18 V

18 V

Fig. 1.163

Since nodes 1 and 2 are maintained at the same voltage by the sources, the connection between nodes 1 

and 2 is removed. Now the two voltage sources have resistors in series and source transformation can be 

applied (Fig. 1.164).

3 Ω

4 Ω 1 Ω

2 Ω 6 Ω Va

+

−

18 V

18 V

Fig. 1.164

Simplifying the network (Fig. 1.165),
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4 Ω

3 Ω

1 Ω

2 Ω 6 Ω Va

+

−

Va

+−

18 V
3 Ω

1.33 Ω

1 Ω

6 Ω

18 V

4.5 A
4.5 A

(a) (b)

3 Ω

1.33 Ω 1 Ω
3 Ω

6 Ω2.33 Ω

6 Ω

Va

Va18 V

5.985 V

18 V 5.985 V

+−

(c) (d)

Fig. 1.165

Applying KCL at the node,

V V Va aV VV V aVV
+

−
+ =a18

3

5 985

2 33 6
0

.

VaVV = 9 23. V23  

Exercises 

Find the resistance between terminals 1.1 A and B 

in the network of Fig. 1.166.

8 Ω

24 Ω

8 Ω

A

B

Fig. 1.166

[4 Ω]

Find the resistance between terminals 1.2 A and B 

in the network of Fig. 1.167.

4 Ω

4 Ω

4 Ω

4 Ω

4 Ω

4 Ω

8 Ω 8 Ω

8 Ω

A B4 Ω

Fig. 1.167

[2.67 Ω]
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Find the equivalent resistance between 1.3 

terminals A and B in the network of 

Fig. 1.168.

12 Ω 40 Ω 60 Ω
A B

Fig. 1.168

[8 Ω]

What is the equivalent resistance between 1.4 

terminals A and B of the networks shown in 

Fig. 1.169?

4 Ω

4 Ω

AA

B B

(a) (b)

Fig. 1.169

[(a) 0 (b) 0]

Find the equivalent resistance between terminals 1.5 

A and B in the network of Fig. 1.170.

4 Ω4 Ω

4 Ω 4 Ω

A B

Fig. 1.170

[4 Ω]

Find the equivalent resistance between terminals 1.6 

A and B in the network of Fig. 1.171.

4 Ω

4 Ω

4 Ω

4 Ω

A

B

Fig. 1.171

[4 Ω]

Find the equivalent resistance between terminals 1.7 

A and B in the network of Fig. 1.172.

1 Ω

3 Ω 3 Ω 2 Ω

2 Ω2 Ω

2 Ω 2 Ω
A

B

Fig. 1.172

[3 Ω]

Find the equivalent resistance between 1.8 A and 

B in the network of Fig. 1.173.

6 Ω

6 Ω6 Ω 6 Ω 5 Ω

1 Ω

3 Ω3 Ω

3 Ω

B

A

Fig. 1.173

[5 Ω]

Find the equivalent resistance between 1.9 A and 

B in the network of Fig. 1.174.

40 Ω
12 Ω 60 Ω

20 Ω 30 Ω

100 Ω
BA

Fig. 1.174

[25 Ω]

Find the equivalent resistance between 1.10 A and 

B in the network of Fig. 1.175.

2RR

R

R

2R 2R

A

B

Fig. 1.175
4

7
R

⎡
⎣⎢
⎡⎡
⎣⎣

⎤
⎦⎥
⎤⎤
⎦⎦
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Find the equivalent resistance between 1.11 A and 

B in the network of Fig. 1.176.

20 Ω

10 Ω 45 Ω 20 Ω

20 Ω
A B

Fig. 1.176

[17 Ω]

Find 1.12 R
AB

 by solving the outer delta (X-B-Y) 

only in the network of Fig. 1.177.

7 Ω
1 Ω

5 Ω

3 Ω 2 Ω

9 Ω

A

Y

X B

Fig. 1.177

[1.41 Ω]

Find the equivalent resistance between 1.13 A and 

B in the network of Fig. 1.178.

2 Ω

2 Ω 2 Ω

3 Ω

8 Ω 6 Ω

A

B

Fig. 1.178

[2.625 Ω]

Find the equivalent resistance between 1.14 

the terminals A and B in the network of 

Fig. 1.179.

2.5 Ω3.25 Ω

6 Ω

3 Ω

3 Ω

A

B

Fig. 1.179

[3.5 Ω]

Find the equivalent resistance between terminals 1.15 

A and B in the network of Fig. 1.180.

1 ΩΩ

3 Ω3 Ω

5 Ω 5 Ω

3 Ω

5 Ω

1 Ω1 Ω

Fig. 1.180

[1.82 Ω]

Find the equivalent resistance between 1.16 

the terminals A and B in the network of 

Fig. 1.181.

3 Ω

6 Ω 4 Ω 4 Ω

3 Ω 6 Ω 9 Ω 5 Ω

8 Ω 9 Ω

A

B

Fig. 1.181

[10.32 Ω]

Find the equivalent resistance between 1.17 A and 

B in the network of Fig. 1.182.
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6 Ω

6 Ω 6 Ω

6 Ω 6 Ω

6 Ω

3 Ω
A B

Fig. 1.182

[4.59 Ω]

Find the equivalent resistance between 1.18 A and 

B in the network of Fig. 1.183.

5 Ω 2 Ω

2 Ω

2 Ω

4 Ω

4 Ω

4 Ω

4 Ω

2 Ω

A

B

Fig. 1.183

[6.24 Ω]

Determine the current 1.19 I in the network of 

Fig. 1.184.

50 V

I 4 Ω 3 Ω

6 Ω
4 ΩΩ 5 Ω

2 Ω

2 Ω 8 Ω

Fig. 1.184

[8.59 A]

Find the voltage between terminals 1.20 A and B in 

the network of Fig. 1.185.

1 ΩΩ

2 Ω

1 Ω

1 Ω
1 A

A

B 1 Ω

2 Ω

Fig. 1.185

[0.56 V]

Determine the power supplied to the network 1.21 

in the network of Fig. 1.186.

100 V

9 ΩΩ

6 Ω

3 Ω

3 Ω

9 Ω

6 Ω

Fig. 1.186

[4705.88 Ω]

Replace the given network with a single 1.22 

voltage source and a resistor.

5 A
10 V

10 A
2 Ω

2 Ω 3 Ω 2 Ω 2 Ω

Fig. 1.187

[8.6 V, 0.43 Ω]

Use source transformation to simplify the 1.23 

network until two elements remain to the left 

of terminals A and B.

20 mA

6 kΩ

2 kΩ 3 kΩ 12 kΩ

3.5 kΩ
A

B

Fig. 1.188

[88.42 V, 7.92 k Ω]

Determine the voltage 1.24 V
x
 in the network of 

Fig. 1.189 by source-shifting technique.

2 V

3 Ω

2 Ω 1 Ω

2 Ω 5 Ω

Vx

 

Fig. 1.189

[1.129 V]
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Objective-Type Questions

A network contains linear resistors and ideal 1.1 

voltage sources. If values of all the resistors 

are doubled then the voltage across each 

resistor is

(a) halved

(b) doubled

(c) increased by four times

(d) not changed

Four resistances 80 1.2 Ω, 50 Ω, 25 Ω, and R are 

connected in parallel. Current through 25 Ω 
resistor is 4 A. Total current of the supply is 

10 A. The value of R will be

(a) 66.66 Ω (b) 40.25 Ω
(c) 36.36 Ω (d) 76.56 Ω

A delta1.3  connected network with its  wye-

equivalent is shown in Fig.190. The resistances 

R
1
, R

2
 and R

3
 (in ohms) are respectively.

AA

B C B C

R1

R2 R3

30 Ω

15 Ω

5 Ω

Fig. 1.190

(a) 1.5, 3, 9 (b) 3, 9, 1.5
(c) 9, 3, 1.5 (d) 3, 1.5, 9

If each branch of a delta network has resistance  1.4 

3 R, then each branch of the equivalent wye 

network has resistance

(a) 
R

3
  (b) 3 R

(c) 3 3 R  (d) 
R

3

Viewed from the terminal AB, the network 1.5 

of Fig.1.191 can be reduced to an equivalent 

network of a single voltage source in series 

with a single resistor with the following 

parameters

10 V 5 V

4 Ω10 Ω

A

B

Fig. 1.191

(a) 5 V source in series with a 10 Ω resistor

(b) 1 V source in series with a 2.4 Ω resistor

(c)  15 V source in series with a 2.4 Ω  resistor

(d) 1 V source in series with a 10 Ω resistor

Consider the star network shown in Fig. 192. 1.6 

The resistance between terminals A and B 

with C open is 6 Ω, between terminals B and 

C with A open is 11 Ω and between terminals 

C and A with B open is 9 Ω, then resistacne 

R
A
, R

B
 and R

C
 will be 

A

B

C

RA

RCRB

Fig. 1.192

(a) RΑ = 4 Ω, RΒ = 2 Ω, R
C
 = 5 Ω

(b) RΑ = 2 Ω, RΒ = 4 Ω, R
C
 = 7 Ω

(c) RΑ = 3 Ω, RΒ = 3 Ω, R
C
 = 4 Ω

(d) RΑ = 5 Ω, RΒ = 1 Ω, R
C
 = 10 Ω

A 10 V battery with an internal resistance of 1 1.7 

Ω is connected across a nonlinear load whose 

V-I characteristic is given by 7 22V V .

The current delivered by the battery is

(a) 0 (b) 10 A

(c) 5 A (d) 8 A
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If the length of a wire of resistance 1.8 R is 

uniformly stretched to n times its original 

value, its new resistance is

(a) nR (b) 
R

n

(c) n2R (d) 
R

n2

All the resistances in Fig. 1.193 are 1 1.9 Ω each. 

The value of I will be

I

1 V

Fig. 1.193

(a) 
1

15
A  (b) 

2

15
A

(c) 
4

15
A  (d) 

8

15
A

The current waveform in a pure resistor at 10 1.10 

Ω is shown in Fig. 1.194. Power dissipated in 

the resistor is

i

t
0

9

3 6

Fig. 1.194

(a) 7.29 W (b) 52.4 W

(c) 135 W (d) 270 W

Two wires 1.11 A and B of the same material and 

length L and 2L have radius r and 2r respectively. 

The ratio of their specifi c resistance will be

(a) 1 : 1 (b) 1 : 2

(c) 1 : 4 (d) 1 : 8

Answers to Objective-Type Questions

1.1. (d) 1.2. (c)  1.3. (d)  1.4. (a)  1.5. (b)  1.6. (b)  1.7. (c)

1.8. (c) 1.9. (d) 1.10. (d) 1.11. (b)



2
Elementary Network 

Theorems

 2.1   INTRODUCTION

In Chapter 1, we have studied basic network concepts. In network analysis, we have to fi nd currents and 

voltages in various parts of networks. In this chapter, we will study elementary network theorems like 

Kirchhoff’s laws, mesh analysis and node analysis. These methods are applicable to all types of networks. 

The fi rst step in analyzing networks is to apply Ohm’s law and Kirchhoff’s laws. The second step is the 

solving of these equations by mathematical tools.

 2.2    KIRCHHOFF’S LAWS

The entire study of electric network analysis is based mainly on Kirchhoff’s laws. But before discussing this, 

it is essential to familiarise ourselves with the following terms:

 Node       A node is a junction where two or more network elements are connected together.

 Branch An element or number of elements connected between two nodes constitute a branch.

 Loop        A loop is any closed part of the circuit.

 Mesh      A mesh is the most elementary form of a loop and cannot be further divided into other loops. 

      All meshes are loops but all loops are not meshes.

1.   Kirchhoff’s Current Law (KCL) The algebraic sum of currents 

meeting at a junction or node in an electric circuit is zero.

Consider fi ve conductors, carrying currents I1, I2, I3, I4 and I5 

meeting at a point O as shown in Fig. 2.1. Assuming the incoming 

currents to be positive and outgoing currents negative, we have

I I I

I I I I I

I I I I I

1 3 5

1 2 3 4I 5

1 3 5 2 4

0

0

+ I + =
− +I2 +I4I =

+I3I +I2I

( )I2I ( )I4I4I

Thus, the above law can also be stated as the sum of currents fl owing towards any junction in an 

electric circuit is equal to the sum of the currents fl owing away from that junction.

2.   Kirchhoff’s Voltage Law (KVL) The algebraic sum of all the voltages in any closed circuit or mesh 

or loop is zero.

If we start from any point in a closed circuit and go back to that point, after going round the circuit, 

there is no increase or decrease in potential at that point. This means that the sum of emfs and the sum of 

voltage drops or rises meeting on the way is zero.

I1

I2

I3

I4
I5

O

Fig. 2.1 Kirchhoff ’s current law
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3.  Determination of Sign A rise in potential can be assumed to be positive while a fall in potential can 

be considered negative. The reverse is also possible and both conventions will give the same result.

 (i) If we go from the positive terminal of the battery or source to the negative terminal, there is a fall in 

potential and so the emf should be assigned a negative sign (Fig. 2.2a). If we go from the negative 

terminal of the battery or source to the positive terminal, there is a rise in potential and so the emf 

should be given a positive sign (Fig. 2.2b).

(a) Fall in potential (b) Rise in potential

Fig. 2.2 Sign convention

(ii) When current fl ows through a resistor, there is a voltage drop across it. If we go through the resistor 

in the same direction as the current, there is a fall in the potential and so the sign of this voltage 

drop is negative (Fig. 2.3a). If we go opposite to the direction of the current fl ow, there is a rise in 

potential and hence, this voltage drop should be given a positive sign (Fig. 2.3b).

(b) Rise in potential(a) Fall in potential

I I++

Fig. 2.3 Sign convention

  Example 2.1  In Fig. 2.4, the voltage drop across the 15 W resistor is 30 V, having the polarity 

 indicated. Find the value of R.

5 A

2 A

3 A

100 V

30 V15 Ω

5 Ω

−+

+

−

−

+

I

R

Fig. 2.4

Solution Current through the 15 Ω resistor

I = =
30

15
2 A

Current through the i A5 5resisto 2 7Ω iresistor

Applying KVL to the closed path,

− − + − =
− − + − =

= Ω

5 100 30 0

35 2 100 30 0

17 5

( )7 ( )2

.

R

R

R
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  Example 2.2  Determine the currents I1, I2 and I3 in Fig. 2.5.

9 A 4 A
12 Ω 16 Ω8 Ω

I3I2

I1

Fig. 2.5

Solution Assigning currents to all the branches (Fig. 2.6),

9 A 4 A
12 Ω 16 Ω8 Ω

I3I2

I1

(I1 − I2 + 9 + I3 + 4)

(I1 − I2)

(I3 + 4)

Fig. 2.6

From Fig. 2.6,

 

…(i)
            

I I I

I I

1 1I I 2 3

2 3I

9 4I3I

13

−I1II

=I3I

…(ii)

Also,

 

−
−

− =

12 8 0=
20 8 0=

12 16 0

1 8

1 28

1 316

I 81 − 8

I + 81 + 8

I I161 3−16

( )−1 2

…(iii)and

Solving Eqs (i), (ii) and (iii),
   

           
      

I

I

I

1

2

3

4

10

3

=
=
= −

A

A

A

  Example 2.3  Find currents in all the branches of the network shown in Fig. 2.7.

30 A

70 A

120 A

60 A

60 A

80 A

0.02 Ω

0.01 Ω

0.01 Ω

0.02 Ω

0.01 Ω 0.03 Ω

Fig. 2.7



2.4 Network Analysis and Synthesis

Solution Let I xAF

Then
I x

I x

I x

FE

ED

DC

−x

+x

−x

30

40

80

I x

I x

CB

BA

−x

−x

20

80

Applying KVL to the closed path AFEDCBA

(Fig. 2.8), 

− − − −0 02 0 01 0 4+ 0 03 0 20 02. .02 0 ( )− 30 . (01 ) .0) 0 ( )− 80 . (01 ) .0) 0 (0− 01.0 ( 03x 4+ 0 .0− ( x02x 2− 0 .0− ( 8088 0) =

x

I

I

AF

FE

=
=

= − =

41

41

41 30 11

A

A

A

I

I

I

ED

DC

CD

= + =

= − = −

=

41 40 81

41 80 39

39

A

A

A

I

I

I

CB

BA

AB

= − =
= − = −
=

41 20 21

41 80 39

39

A

A

A

  Example 2.4  Find currents in all the branches of the network shown in Fig. 2.9.

1 A

1 A

4 Ω

3 Ω
5 Ω

2 Ω

1 Ω

B C

AO

Fig. 2.9

Solution Assigning currents to all the branches (Fig. 2.10),

Applying KVL to the closed path OBAO,

  

− =
=

2 3 1+ 0

3 3 2

( )−1 ( )x y− 3)

x y3−
                 

…(i)

Applying KVL to the closed path ABCA, 

  

3 4 5 0

9 12 4

y 4 5

x y1

4 =
12y12

( )1 x1 y1 ( )x y+ y

               
…(ii)

30 A
x

F

A

B

E

D

C

70 A

120 A

60 A

60 A

80 A

0.02 Ω

0.01 Ω

0.01 Ω

0.02 Ω

0.01 Ω 0.03 Ω

(x − 30)

(x + 40)

(x − 80)

(x − 20)

(x − 80)

Fig. 2.8

1 A

1 A

4 Ω

3 Ω
5 Ω

2 Ω

1 Ω

B

C

AO x1 Ω

y

(1 −x − y)

(1 −x )

(x + y)

Fig. 2.10



2.2 Kirchhoff ’s Laws 2.5

Solving Eqs  (i) and (ii),

           
y

=
= −

0 57

0 095.

A

A

     

I

I

OA

OB

=
= =

0 57

1 0− 57 0 43. .57 0

A

A

  

I

I

I

AB

AC

BC

=
= =
= + =

0 095

0 57 0− 095 0 475

1 0− 57 0 095 0 525

.

. .57 0 .

. .+57 0 .

A

A

A

  Example 2.5  What is the potential difference between points x and y in the network shown in Fig. 2.11?

2 V

4 V

4 V2 Ω

3 Ω 3 Ω 5 Ω
I1

I2

x

y

+

+

−

−
+

+−

−

Fig. 2.11

Solution I

I

1

2

2

2 3
0 4

4

3 5
0 5

= =

= =

A

A

Potential difference between points andx yand V V VxyVV x yVV= V −

Writing KVL equation for the path x to y,

  

V

V

x yV IV V

x yV VV

3 4I +II 3 0I VyVV =

3 4 0 0VyVV =

−4+ 3III

(0 ) (4 3 )5

                      

V V

V

x yV VV V

xyVV

=V −

= −

3 7

3 7. V7

  Example 2.6  Find the voltage between points A and B in Fig. 2.12.

20 V

5 V 15 V12 Ω

10 Ω 4 Ω

5 Ω

6 Ω
I1

A

B

I2

Fig. 2.12



2.6 Network Analysis and Synthesis

Solution I

I

1

2

20

10 5
1 33

15

4 6
1 5

=
+

=

= =

A

A

From Fig. 2.13,      

Voltage between points andA Band V V VABV A BV VV= VV

Writing KVL equation for the path A to B,

V I

V V

A BV I VV

A BV VV

+
=VBVV

5III 15 6 0I VBI VV =VBVV

33 1 0

I

( .1 ) (1 6 . )

V V

V

A BV VV

ABV

=VBVV

=
17 65

17 65

.

. V65

  Example 2.7  Determine the potential difference VAB for the given network in Fig. 2.14.

8 V5 V

2 A

2 Ω

10 Ω

5 Ω 4 Ω

3 Ω A

B

Fig. 2.14

Solution The resistor of 3 Ω is connected across a short circuit. Hence, it gets shorted (Fig. 2.15).

5 V 8 V

2 A

2 Ω

10 Ω

4 Ω

I1 I2

A

B

+

−

5 Ω

+

−

Fig. 2.15

   

I

I

1

2

5

2
2

2

= =

=

. A5

A

Potential difference                     V V VABV A BV VVVAV

Writing KVL equation for the path A to B,

V

V V

A BV I VV

A BV VV =
2 8II +II 5 0I VBI VV =

2 5 2 0

II

( .2 ) (8 5 )

20 V

5 V 15 V12 Ω

10 Ω 4 Ω

5 Ω

6 Ω
I1

A

B

I2

+
+

−

−

+

−
−

+

Fig. 2.13



2.2 Kirchhoff ’s Laws 2.7

V V

V

A BV VV

ABV

=VBVV

=
7

7V

  Example 2.8  Find the voltage of the point A w.r.t. B in Fig. 2.16.

10 V

5 A

8 V

5 Ω

4 Ω3 Ω

A

B

+

−

3 Ω
+

−

I1 I2

Fig. 2.16

Solution             I

I

1

2

10

5 3
1

5

= =

=

. A25

A

Applying KVL to the path from A to B,

  

V

V

A BV I VV

A BV VV

+3 8III 3 0I VBVVII =
3 25 0VBVV =5

I

( .1 ) (8 3 ))

            

V V

V

A BV VV

ABV

=VBVV −
= −

3 25

3 2. V25

  Example 2.9  In Fig. 2.17, what values must R1 and R2 have

when I(a) 1 = 4 A and I2 = 6 A both charging?

when I(b) 1 = 2 A discharging and I2 = 20 A charging?

when I(c) 1 = 0?

110 V

80 V 50 V

2 Ω

I1

(I1 + I2)

I2

R2R1

b

a f e

c d

Fig. 2.17

Solution Applying KVL to the closed path abcfa,

  

110 2 80 0

110 2 2 80 0

2 30

1 1

1 2 1 1

1 2

− 2

− 2 −1− =
=

( )1 2

( )2 1

I21 2 R1 11R I1 11 1

I
 

…(i)

Applying KVL to the closed path fcdef,

      

80 50 0

30

1 1 2 2

1 1 2 2

−1+ − =50

− =2 −
R I1 11 R I22

R I1 11 R I222  …(ii)



2.8 Network Analysis and Synthesis

Case (a) I1 = 4 A and I2 = 6 A both charging

i.e.                  I1 = 4 A and I2 = 6 A

Substituting I1 and I2 in Eq. (i),

            (2 + R1) 4 + 2 (6) = 30

                   R1 = 2.5 Ω
Substituting R1, I1 and I2 in Eq. (ii),

          2.5 (4)−R2 (6) = −30

              R2 = 6.67 Ω
Case (b) I1 = 2 A discharging and I2 = 20 A charging

i.e.              I1 = −2 A and I2 = 20 A

Substituting I1 and I2 in Eq. (i),

 (2 + R1) (−2) + 2 (20) = 30

           R1 = 3 Ω
Substituting R1, I1 and I2 in Eq. (ii),

         3 (−2) − R2 (20) = −30

           R2 = 1.2 Ω
 Case (c) I1 = 0

Substituting in Eq. (i)

      (2 + R1) (0) + 2 I2 = 30

         I2 = 15 A

Substituting I1 and I2 in Eq. (ii),

         0 − 15 R2 = −30

              R2 = 2 Ω

  Example 2.10  In Fig. 2.18,  fi nd I1 and I2 when (a) R = 2.3 W, (b) R = 0.5 W, and (c) for what values 

of R is I1 = 0?

130 V

110 V

0.2 Ω

0.2 Ω

I1

(I1 + I2)

I2

R

b

a d f

c e

Fig. 2.18

Solution Applying KVL to closed path abcda,

130 0 2 110 0

0 4 0 2 20

1 2 1

1 2

− 0 −2 1 =
=2

. (22 ) .0− 0

.4 1 0

I I1 +1 I11

I I0 21 + 0 20 21 0 …(i)

Applying KVL to the closed path dcefd,

          

110 0 2 0

0 2 110

1 2

1 2

+ 0 2 =
=2 −

I R1 −1 I

I R1 I  …(ii)



2.2 Kirchhoff ’s Laws 2.9

Case (a) R = 2.3 Ω
Substituting R in Eq. (ii),

   
0 2 2 3 1101 23.2 1 2I I2 31 2 31 2 =2I2 32 3 −

 …(iii)

Solving Eqs  (i) and (iii),

           

I

I

1

2

25

50

=
=

A

A

Case (b) R = 0.5 Ω
Substituting R in Eq. (i),

          
0 2 0 5 1101 25.2 1 0I I0 51 0 51 0 =2I0 50 5 −

 …(iv)

Solving Eqs  (i) and (iv),

            

I

I

1

2

50

200

= −
=

A

A

Case (c) I1 0=
Substituting I1 in Eq. (i),

            

0 2 20

100

2

2

I

I

=
= A

Substituting I1 and I2 in Eq. (ii),

    

0 0 100 110. (2 ) ( )

.

=100( ) −
= Ω1 1R

  Example 2.11  In Fig. 2.19, fi nd the value of R.

80 V

3 A

10 Ω

14 Ω R

Fig. 2.19

Solution Assigning currents to all the branches (Fig. 2.20),

Applying KVL to the closed path abcda,

 

80 10 14 0

5

−10

=
I 14−

I

( )3− 3I

. A08

Applying KVL to the closed path dcefd,

 

14 3 0

14 08 3 3 0

9 7

( )3

( .5 )

R33

R

3 =
−3)

= Ω9 71

80 V

3 A10 Ω

14 Ω R

cb e

da f

I

(I − 3)

Fig. 2.20



2.10 Network Analysis and Synthesis

  Example 2.12  Determine current drawn by the ammeter shown in Fig. 2.21.

9 V

A

10 Ω

5 Ω
30 Ω

5 Ω

Fig. 2.21

Solution Assigning currents to all the branches (Fig. 2.22),

Applying KVL to the closed path abcda,

    

− − − =
=

5 9+ 10 30 0

45 15 9

1

1 25

( )1 2 ( )1 2++ +1 + I1

I I+151 + …(i)

Applying KVL to the closed path dcefd,

30 5 01 25I 51 555 …(ii)

Solving Eqs  (i) and (ii),

I2 0= . A4

Current drawn by ammeter = 0.4 A

  Example 2.13  Find branch currents in the various branches of Fig. 2.23.

10 Ω

0.1 Ω 0.2 Ω
5 Ω

20 Ω

4 V2 V

Fig. 2.23

Solution Assigning currents to various branches (Fig. 2.24),

Applying KVL to the closed path abcda,

   

2 0 0

15 1 5 2

1 2

1 25

0 =
=2

. (1 10 51 101 5 )

.

101 10 I I11

I5555  
…(i)

Applying KVL to the closed path dcefd,

5 20 0 2 4 0

5 2 2 4

2 20

1 25

( )1 2 0 20 2

I25 225 2

0 2 =
=2I25 225 2 …(ii)

Solving Eqs  (i) and (ii),

I

I

1

2

0 086

0 142

=
= −

.

.

A

A

9 V

A

10 Ω

5 Ω
30 Ω

5 Ωcb e

fda

(I1 + I2)

I1 I2

Fig. 2.22

10 Ω

0.1 Ω 0.2 Ω
5 Ω

20 Ω

4 V2 V

cb e

fda

(I1 − I2)

I1 I2

Fig. 2.24



2.2 Kirchhoff ’s Laws 2.11

  Example 2.14  In Fig. 2.25, fi nd the value of R and current fl owing through it when the current is 

zero in the branch OA.

1.5 Ω

480 Ω

1 Ω

4 Ω

2 Ω10 V

R

CB

O

A

Fig. 2.25

Solution Assigning currents to all branches (Fig. 2.26),

Applying KVL to the closed path OACO,

   
480 1 03 11 3 2 3I I13 11 I3 I I3−111 2I2 =(55(5555 ) () (RR )

But current in the branch OA is zero,

i.e. 

              

I

I R I

3

1 2R I

0

1 5 0

=
− I1 5 =  …(i)

Applying KVL to the closed path BOCB,

 − + =4 2 10 02 2−− ( )2 3+ ( )1 2I I+1

But           I

I

3

1 2

0

2 I1 10

=
−2 I =I2I −( )R6 RR

 

...(ii)

Applying KVL to the closed path BOAB,

            
− + =4 480 02 3480 1I I+ 4802 3+ 480 I

But

 

I

I I

3

2 1

1 2I I

0

4 0I I2 1II

4

=
−4 I

…(iii)

Substituting I1 in Eq. (i) and (ii), 

…(iv)

and              

−
− = −

6 0=
10

2 2

2 2

++
I R2 − I14  …(v)

From Eq. (iv) and (v),

                    
I2 0= . A5

Substituting I2 in Eq. (iv),

                 

−
= Ω

6 5 0 0=
6

( .0 ) (+ . )5

R

Current in branch    OC I I= I =2 3I 0. A5

1.5 Ω

480 Ω

1 Ω

4 Ω

2 Ω10 V

R

CB

O

A

(I1 − I3)

(I2 + I3)

(I1 + I2)

I3

I1

I2

Fig. 2.26



2.12 Network Analysis and Synthesis

  Example 2.15  In Fig. 2.27, fi nd the current supplied by the battery.

2 Ω

4 Ω 3 Ω

5 Ω

6 Ω 2 Ω

50 V

Fig. 2.27

Solution Assigning currents to all the branches (Fig. 2.28),

Applying KVL to the closed path OABEDO,

50 2 6 4 0

12 2 4 50

1

1 2 3

− 2 6

=
( )1 2 ( )1 3I 41 41

I 21 + 22 I3 …(i)

Applying KVL to the closed path BCEB,

− +
+

2 5 6 0=
6 2 5 0=

2 35 1

1 2 3

I5+ 35+
I22− …(ii)

Applying KVL to the closed path ECDE,

−
− =

5 3 4 0=
4 3 12 0

3 3

1 23 3

33− + 4+ 4

I33− I3

( )+2 3I I ( )−1 3

…(iii)

Solving Eqs  (i), (ii) and (iii),

I

I

I

1

2

3

2 817

6 647

0 723

=
=
= −

.

.

.

A

A

A

Current supplied by the battery A= = + =I I+1 2I I+ 2 817 6 647 9 464. .+8 7 6 .

  Example 2.16  In Fig.2.29, fi nd the current fl owing through the 2 W resistor.

16 Ω

16 Ω 32 Ω

2 Ω

20 V 20 V

Fig. 2.29

2 Ω

4 Ω 3 Ω

5 Ω

6 Ω
2 Ω

50 V

(I1 − I3)

(I1 + I2)

I1

I3

I2

(I2 + I3)

A

O
D

C

B

E

Fig. 2.28



2.2 Kirchhoff ’s Laws 2.13

Solution Assigning currents to all the branches (Fig. 2.30),

Applying KVL to the closed path OABFGO,

      16 0

− I

I  …(i)

Applying KVL to the closed path BCFB,

   + =
0

48 32 0

1

− I

−1

…(ii)

Applying KVL to the closed path GFCDEG,

    20− = …(iii)

Solving Eqs  (i), (ii) and (iii),

I

I

I

1

2

3

1 05

6 32

1 58

=
=
=

A

A

A

Current through th Aresistor

  Example 2.17  In Fig. 2.31, fi nd the current through the 4 W resistor.

2 Ω

1 Ω

2 Ω

3 Ω

4 Ω

12 Ω 10 V12 V

24 V

Fig. 2.31

Solution Assigning currents to all the branches (Fig. 2.32),

Applying KVL to the closed path ABEDA,

+ =
+ = −

12 0

12 123I

1

 …(i)

Applying KVL to the closed path BCFEB,

0

− = 0

− +− I − 3I

 …   (ii)

Applying KVL to the closed path DEFHGD,

 

−
− = −

1 3 + 4 0

+ 24

( )

  …(iii)

16 Ω 32 Ω

2 Ω

20 V 20 V

F

O

A
B C

 
D

G E

I3

(I1 + I )

(I1 − I )

(I1 + I − I )

I

Fig. 2.30

1 Ω

2 Ω

3 Ω

4 Ω

12 Ω 10 V12 V

24 V

BA

G H

C

D F

I

I

I

(I2 I3)

(I1  I3)(I1 − I )

Fig. 2.32



2.14 Network Analysis and Synthesis

Solving Eqs  (i), (ii) and (iii),

I

I

I

1

1

3

4 11

2 72

2 06

=
=
=

. A

A

A

Current through the resisto A4 1Ω iresistor .

  Example 2.18  In Fig. 2.33, fi nd the current through the 10 W resistor.

5 Ω 10 Ω 12 Ω

15 Ω 8 Ω 6 V4 V

Fig. 2.33

Solution Assigning currents to all the branches (Fig. 2.34),

Applying KVL to the closed path ABGHA,

                

− =
−

5 1− 5 4+ 0

20 5 4= −
1

1 25

( )1 2++
I 51 − 5  …(i)

Applying KVL to the closed path BCFGB,

                         

−
−

10 8 1+ 5 0=
15 10 8 0=

2 38 1

1 210 3

I 82 − 8

I I101 −10  …(ii)

Applying KVL to the closed path CDEFC,

       

− − =
− =

12 6 8+ 0

12 20 6

3

2 30

( )2 32 3− I3

I I+ 202 3+ 20                           …(iii)

Solving Eqs  (i), (ii) and (iii),

I

I

I

1

2

3

0 19

0 032

0 32

=
=
=

.

A

A

A

Current through the resisto A10 0 032Ω =resistor .

  Example 2.19  In Fig. 2.35, determine the current supplied by each battery.

20 Ω

40 Ω

10 Ω

2 Ω1 Ω

8 V 12V

Fig. 2.35

15 Ω 8 Ω
6 V4 V

(I1 + I2) (5 Ω 10 Ω 12 Ω I2 − I3)
B C10 ΩI2

F EGH

A D
I1 I3

Fig. 2.34



2.2 Kirchhoff ’s Laws 2.15

Solution Assigning currents to all the branches (Fig. 2.36),

Applying KVL to the closed path ADEA,

                    

=
=

40 8 1 0

40 8

2 18

1 240

I I+ 8 12 1+ 8 1−
I I+ 401 +  …(i)

Applying KVL to the closed path ABDA,

       
− − =

− − =
20 10 40 0

30 70 10 0

20

1 270 3

( )1 2 ( )+1 2 31 − 1 − I+ 40+ 40)

I I+ 701 + 70 I3 …(ii)

Applying KVL to the closed path BCDB,

2 12 10 0

10 10 12 12

3 0

1 20 3

12 1010

I I101 I3

1212

+2I1010 =
( )1 2 3

…(iii)

Solving Eqs  (i), (ii), and (iii),

I

I

I

1

2

3

0 1005

0 197

1 081

=
=
=

.

.

.

A

A

A

 Current supplied by the V battery A

Current supplied by

8 0V battery 10051 .

thtt e V battery A12 1 0813= =3I33 .

 Example 2.20  In Fig. 2.37, fi nd the value of the unknown resistance R such that 2 A current fl ows 

through it.

4 Ω2 Ω

5 Ω3 Ω10 V

2 A R

Fig. 2.37

Solution Assigning currents to all the branches (Fig. 2.38),

Applying KVL to the closed path ABCDEA,

        

−
−

2 4 2 0=
6 4 2 1= 21 24

R 4+ 2+
I44−

( )21 2−I1 I − 22 ( )− 21I

 …(i)

Applying KVL to the closed path HEDGH,

                

10 2 3 0

2 3 14

23

1 23

− 2

=2

( )1( )2 3333)21 2

I3333  …(ii)

Applying KVL to the closed path GDCFG,

         

3 4 5 0

9 12 8

2 4 5

1 212

44 55

1212

4 =
1212

( )21 2 2I1 I 22 2−11 2 ( )1 2I1 I− 2I

 …(iii)

Solving Eqs  (i), (ii) and (iii),

I

I

1

2

3 76

2 16

=
= .

A

A  
R = Ω0 98

R = Ω0 98Unknown resistance

20 Ω

40 Ω

10 Ω

2 Ω
1 Ω

8 V 12 V

I3

I2I1

A B

C
E D

(I1 − I2)

(I1 − I2 + I3)

Fig. 2.36

4 Ω2 Ω

5 Ω3 Ω
10 V

2 A R

B

FH

A

CE

G

D (I1 − I2 − 2)(I1 − 2)

(I1 − I2)I2I1

Fig. 2.38



2.16 Network Analysis and Synthesis

  Example 2.21  In Fig. 2.39, fi nd the current delivered by the 12 V battery.

2 Ω5 Ω

4 Ω 4 Ω 12 V

3 Ω

4 Ω

Fig. 2.39

Solution Assigning currents to all the branches (Fig. 2.40),

Applying KVL to the closed path ABCDEA,

3 2 5 0

3 10 5 0

2 5

1 210 3

( )1 2 ( )2 3I 52 5

10 I3

5

01010 = …(i)

Applying KVL to the closed path HEDGH,

4 5 4 0

4 5 13 0

3

1 25 3

( )1 3 ( )2 32 3

I5 I3

−)33

−2I55 = …(ii)

Applying KVL to the closed path GDCFG,

4 2 12 4 0

4 2 4 12

3 2 1

1 2 3

I2

I2

−2I22 + 4

+2I22 …(iii)

Solving Eqs  (i), (ii), and (iii),

I

I

I

1

2

3

1 66

0 93

0 87

=
=
=

A

A

A

Current delivered by the V battery A12 1 661= =1I11

EXAMPLES WITH DEPENDENT SOURCES

  Example 2.22  In the network of Fig. 2.41, fi nd I1, I2 and V.

3 Ω 4 V2 A 6 Ω

V

I1 I2

Fig. 2.41

2 Ω5 Ω

4 Ω 4 Ω
12 V

3 Ω

4 Ω

A B

F

CE D

G
H

(I1 − I2)

(I2 − I3)

(I1 − I3)
I3

I2

I1

I1

Fig. 2.40
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Solution Applying KCL at the node,

2 4
3 6

3 6
4 2

+ =4 +

+ −

V
V V

V V
V

− =

= −

7

2
2

4

7

V

V V

I
V

I
V

1

2

3

4

21

6

2

21

= = −

= = −

A

A

  Example 2.23  Find voltages V1 and V2 in the network of Fig. 2.42.

2 Ω

6 V
V1

V2

+
−  +

+−

−

4 Ω

4 II

Fig. 2.42

Solution Applying KVL to the loop,

6 2 4 4 0

3

2 =
=

I I I4 4+ 4

I A

From Fig. 2.42,

V1 = 2 I = 2 (3) = 6 V

V2 = 4 I = 4 (3) = 12 V

  Example 2.24  Find the power delivered by the dependent source in the network of Fig. 2.43.

1 Ω

3 Ω

30 V Vx

+

−

− +

0.5 Ω

3 VxI

Fig. 2.43

From Fig. 2.43,

V IxVV 0 5

Applying KVL to the loop,

 
30 1 3 0 5 3 0

30 3 5 5 3 0

−1 − 0 5

− 5 =
I V3 I 3−

5I 3+ I3

xVV

( .0(00 ) .00
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30 3 0

10

0 10 5

− 3

=
= =0 10

I

VxVV

A

V. (55 )

Power supplied by the dependent source = (3Vx) (I) = 3 × 5 × 10 = 150 W

  Example 2.25  Find the current I2 in the network of Fig. 2.44.

4 V

8 V

16 V10 V1
V1

I2
+

−

Fig. 2.44

Solution Applying KVL to the left loop,

− − =
=

4 8+ 0

4

1

1

V1

V1 V

Applying KCL to the right part,

10 0

10 0

40

1 2

2

2

V I1

I

=2I

= −
( )4

A

  Example 2.26  Find the voltage Vx in the network of Fig. 2.45.

2 A

6 Ω

3 Ω

+

−
Vx +

−
Vy

1
6

Vy

Fig. 2.45

Solution Applying KCL at the node,

2
1

6 9
+ =V

V
yV

xVV …(i)

From Fig. 2.45,

V
V V

yVV
x xV VV V

= ⎛
⎝⎜
⎛⎛
⎝⎝

⎞
⎠⎟
⎞⎞
⎠⎠

=3
9 3⎠⎠⎠

…(ii)

Substituting Eq. (ii) in Eq. (i),

2
1

6 3 9

2
18 9

0

36

+ ⎛
⎝⎜
⎛⎛
⎝⎝

⎞
⎠⎟
⎞⎞
⎠⎠

=

+ − =

=

V V⎞

V V

V

x x⎞⎞⎞V VV V⎞⎞⎞

x xV VV V

xVV V
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  Example 2.27  In the network of Fig. 2.46, fi nd the current I1 and power dissipated in the 500 W

resistor.
300 Ω

500 Ω50 V 0.4 I1

I1

Fig. 2.46

Solution Assigning currents to all the branches as shown in Fig. 2.47.

300 Ω

500 Ω
50 V

a

0.4 I1

0.6 I1

I1b

d

c

f

e

Fig. 2.47

Applying KVL to the closed loop abcda,

50 300 500 6 0

0

161 500

1

− 300 =
=

I6 16I 5001 5001

I1

(0(000 )

. A083

Power dissipated in the 500 Ω resistor = 500 (0.6 I1)
2  = 500 (0.6 × 0.083)2  = 1.24 W

  Example 2.28  Find the current I in the network shown in Fig. 2.48.

2 A

4 V

Vx

+
+
−

−

5 Ω

2 Ω

3 Ω
3 Vx

I

Fig. 2.48

Solution Assigning currents in all the branches as shown in Fig. 2.49.

2 A
a

4 V

(I − 2)

Vx

+
+
−

−

5 Ω

2 Ω

3 Ω
3 Vx

I

b

c

d

e

f

Fig. 2.49

From Fig. 2.49,

VxVV 2( )I 2I −I …(i)

Applying KVL to the closed loop fecdf,

3 5 4 2 0

3 2 5 4 2 0

V I5

I I2 5

xV −I5 2

2 − 4

( )2I −I

[ (2 )])] ( )2I − 2



2.20 Network Analysis and Synthesis

6 12 5 4 2 4 0

12

12

I12 5 I

I

I

12 − 4 + 4

− =I

= − A

2.3    MESH ANALYSIS

A mesh is defi ned as a loop which does not contain any other loops within it. Mesh analysis is applicable only 

for planar networks. A network is said to be planar if it can be drawn on a plane surface without crossovers. 

In this method, the currents in different meshes are assigned continuous paths so that they do not split at a 

junction into branch currents. If a network has a large number of voltage sources, it is useful to use mesh 

analysis. Basically, this analysis consists of writing mesh equations by Kirchhoff’s voltage law in terms of 

unknown mesh currents.

Steps to be Followed in Mesh Analysis

Identify the mesh, assign a direction to it and assign an unknown current in each mesh.1. 

Assign the polarities for voltage across the branches.2. 

Apply KVL around the mesh and use Ohm’s law to 3. 

express the branch voltages in terms of unknown mesh 

currents and the resistance.

Solve the simultaneous equations for unknown mesh 4. 

currents.

Consider the network shown in Fig. 2.50 which has three meshes. 

Let the mesh currents for the three meshes be I1, I2, and I3 and all 

the three mesh currents may be assumed to fl ow in the clockwise 

direction. The choice of direction for any mesh current is arbitrary.

Applying KVL to Mesh 1,

V R R

I R I R I V

1 1V RV R 2R

1 1RR 2 2R 3 1I VV

01RR − RR =
I R I2R

( )I I1 2I II ( )I I1II 3−1II

( )R R1 2RR R2R …(i)

Applying KVL to Mesh 2,

V R I R R

R I I R I V

2 3V RV R 2 4RR 1RR

1 1 2I 4 3R IR 2VV

0I3R − =
− +R I1 1R IR I − =R I3R I

( )I I2 3I3I ( )I I2I 1− I1

( )R R R1 3RR 4RR+R3RR …(ii)

Applying KVL to Mesh 3,

− − + =
− − + =

R R R I V

R I R I I V

2R 4RR− 5 3 3VV

2 1R I 4 2R IR 3 3VV

0( )−I I3I 1 ( )I I3 2I I−
( )+R R+ R2 4R RR+ 5 …(iii)

Writing Eqs  (i), (ii), and (iii) in matrix form,

R R R R

R R R R R

R R R R R

I

I

I

1 2RR 1 2R RR

1 1 3 4RR 4RR

2 4R RR 2 4R 5R

1

2

3

−R2R

− +R R1 1R RR R −R4RR

−RR +R4RR

⎡

⎣

⎢
⎡⎡

⎢
⎣⎣

⎢⎢
⎤

⎦

⎥
⎤⎤

⎥
⎦⎦

⎥⎥
⎡

⎣

⎢
⎡⎡

⎢
⎣⎣

⎢⎢
⎤

⎦⎦

⎥
⎤⎤

⎥
⎦⎦⎦⎦

⎥⎥ =
⎡

⎣

⎢
⎡⎡

⎢
⎣⎣

⎢⎢
⎤

⎦

⎥
⎤⎤

⎥
⎦⎦

⎥⎥
V

V

V

1VV

2VV

3VV

In general,

R R R

R R R

R R R

I

I

I

V

V

V

11RR 12RR 13RR

21R 22R 23R

31RR 32RR 33RR

1

2

3

1VV

2VV

3VV

⎡

⎣

⎢
⎡⎡

⎢
⎣⎣

⎢⎢
⎤

⎦

⎥
⎤⎤

⎥
⎦⎦

⎥⎥
⎡

⎣

⎢
⎡⎡

⎢
⎣⎣

⎢⎢
⎤

⎦

⎥
⎤⎤

⎥
⎦⎦

⎥⎥ =
⎡

⎣

⎢⎢
⎡⎡⎡⎡

⎢
⎣⎣

⎢⎢⎢⎢
⎤

⎦

⎥
⎤⎤

⎥
⎦⎦

⎥⎥

V1

V3

V2

R3R1

R4R2

R5

I3

I2I1

Fig. 2.50
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where,  R11 = Self-resistance or sum of all the resistance of mesh 1

 R12 = R21 = Mutual resistance or sum of all the resistances common to meshes 1 and 2

 R13 = R31 = Mutual resistance or sum of all the resistances common to meshes 1 and 3

 R22 = Self-resistance or sum of all the resistance of mesh 2

 R23 = R32 = Mutual resistance or sum of all the resistances common to meshes 2 and 3

 R33 = Self-resistance or sum of all the resistance of mesh 3

If the directions of the currents passing through the common resistance are the same, the mutual resistance 

will have a positive sign, and if the direction of the currents passing through common resistance are opposite 

then the mutual resistance will have a negative sign. If each mesh current is assumed to fl ow in the clockwise 

direction then all self-resistances will always be positive and all mutual resistances will always be negative.

The voltages V1, V2 and V3 represent the algebraic sum of all the voltages in meshes 1, 2 and 3 respectively. 

While going along the current, if we go from negative terminal of the battery to the positive terminal then its 

emf is taken as positive. Otherwise, it is taken as negative.

  Example 2.29  Find the current through the 5 W resistor is shown in Fig. 2.51.

10 V

5 V

20 V

1 Ω 2 Ω

3 Ω

6 Ω 4 Ω

5 Ω

Fig. 2.51

Solution Assigning clockwise currents in three meshes as shown in Fig. 2.52.

Applying KVL to Mesh 1,

10 1 3 6 0

10 3 6 101 23 3

−1

=
3 6−

I 31 33 I3

1 ( )1 2I1 I22 ( )1 3

…(i)

Applying KVL to Mesh 2,

− =
−

3 2− 5 5− 0

3 10 5= −
2 25

1 210

( )2 1− I 52 − 5

1+ 01+ 0 …(ii)

Applying KVL to Mesh 3,

− −
−

6 5+ 4 2+ 0 0=
6 10 2= 5

3

1 30

( )3 1−
1+ 01+ 0 …(iii)

Writing Eqs (i), (ii) and (iii) in matrix form,

10 3 6

3 10 0

6 0 10

10

5

25

1

2

3

−3

−
−

⎡

⎣

⎢
⎡⎡

⎢
⎣⎣

⎢⎢
⎤

⎦

⎥
⎤⎤

⎥
⎦⎦

⎥⎥
⎡

⎣

⎢
⎡⎡

⎢
⎣⎣

⎢⎢
⎤

⎦

⎥
⎤⎤

⎥
⎦⎦

⎥⎥ = −
⎡

⎣

⎢
⎡⎡

⎢
⎣⎣

⎤

⎦

⎥
⎤⎤

⎥
⎦⎦

⎥⎥
I1

I

I3

We can write matrix equation directly from Fig. 2.52,

R R R

R R R

R R R

I

I

I

V

V

V

11RR 12RR 13RR

21R 22R 23R

31RR 32RR 33RR

1

2

3

1VV

2VV

3VV

⎡

⎣

⎢
⎡⎡

⎢
⎣⎣

⎢⎢
⎤

⎦

⎥
⎤⎤

⎥
⎦⎦

⎥⎥
⎡

⎣

⎢
⎡⎡

⎢
⎣⎣

⎢⎢
⎤

⎦

⎥
⎤⎤

⎥
⎦⎦

⎥⎥ =
⎡

⎣

⎢⎢
⎡⎡⎡⎡

⎢
⎣⎣

⎢⎢⎢⎢
⎤

⎦

⎥
⎤⎤

⎥
⎦⎦

⎥⎥

1 Ω 2 Ω

3 Ω

5 V

20 V

I1

I2

I3

10 V

6 Ω

5 Ω

4 Ω

Fig. 2.52
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where  R11 = Self-resistance of Mesh 1 = 1 + 3 + 6 = 10 Ω
 R12 = Mutual resistance common to meshes 1 and 2 = −3 Ω

Here, negative sign indicates that the current through common resistance are in opposite direction.

 R13 = Mutual resistance common to meshes 1 and 3 = −6 Ω
Similarly,

 

R

R

R

21R

22R

23R

3

3 2 5 10

0

= − Ω
= 3 =5 Ω
=

R

R

R

31RR

32RR

33RR

6

0

6 4 0

= − Ω
=
= 6 = Ω10

For voltage matrix,

             

V

V

1VV

2VV

10

5

=
= −

V

V

                                                                                                                                  V3 = algebraic sum of all the voltages in mesh 3 = 5 + 20 = 25 V

Solving Eqs  (i), (ii) and (iii),

I

I

1

2

4 27

0 78

=
=

. A

A

  

I

I I

3

5 2I

5 06

0 78

=
=I2I

A

A

  Example 2.30  Find the current through the 2 W resistor of the network shown in Fig. 2.53.

10 V

20 V

6 Ω 2 Ω

1 Ω 3 Ω 10 Ω

Fig. 2.53

Solution Assigning clockwise currents in three meshes as shown in Fig. 2.54,

Applying KVL to Mesh 1,

               

10 6 1 0

7 10

1

1 2

− 6 =11( )1 22−I1 I

…(i)

Applying KVL to Mesh 2,

      

−
− =

1 2− 3 0=
6 3− 0

2 3

1 26 3

( )2 1 ( )−2 3− I 32 − 3

I + 61 + 6 I3  
…(ii)

Applying KVL to Mesh 3,

  

−
−

3 1− 0 2− 0 0=
3 13 2= − 0

3

2 33

( )3 2−
1+ 31+ 3 …(iii)

Solving Eqs  (i), (ii) and (iii),

                            

I

I

1

2

1 34

0 62

=
= −

A

A

10 V

20 V

6 Ω 2 Ω

1 Ω

I1

3 Ω 10 Ω

I2 I3

Fig. 2.54
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I

I I

3

2 2I

1 68

0 62

= −
=I2I −

A

A

  Example 2.31  Determine the current through the 5 W resistor of the network shown in Fig. 2.55.

8 V

10 V

12 V

2 Ω 3 Ω

5 Ω

1 Ω 4 Ω

Fig. 2.55

Solution Assigning clockwise currents in three meshes as shown in Fig. 2.56.

Applying KVL to Mesh 1,

       

8 1 2 0

3 2 81 2 3

1 − 2

=
( )1 2 ( )1 311

I3  
…(i)

Applying KVL to Mesh 2,

  

10 4 3 1 0

8 3 10

2 3

1 28 3

− 4

− =3 3

33 11

I 81 + 88 I3

( )2 3−I I33 ( )2 1

 
…(ii)

Applying KVL to Mesh 3,

− −
− + =

2 3− 5 1+ 2 0=
2 3 10 12

3

1 23 3

( )3 1 ( )3 2− 3 −
I33− I …(iii)

Solving Eqs  (i), (ii), and (iii),

I

I

1

2

6 01

3 27

=
=

A

A

I

I I

3

5 3I

3 38

3 38

=
=I3I

A

A

  Example 2.32  Find the current supplied by the battery of the network shown in Fig. 2.57.

4 V

I1

I2

I3

3 Ω

1 Ω
2 Ω

6 Ω4 Ω

5 Ω

Fig. 2.57

8 V

10 V

12 V

2 Ω 3 Ω

5 Ω

1 Ω
4 Ω

I1 I2

I3

Fig. 2.56
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Solution

Applying KVL to Mesh 1,

4 3 1 4 0

8 4 4
1

1 2 3

3 =
=

I 11 11 44

I3

( )1 2 ( )1 3− 3I1 I33

…(i)

Applying KVL to Mesh 2,

   

−
− =

2 5 1 0=
8 5− 0

2 5 1

1 28 3

55− 1−1

I + 81 + 8 I3

( )−2 3I I3 ( )−2 1

 
…(ii)

Applying KVL to Mesh 3,

  

−
− + =

6 4 5 0=
4 5 15 0

3 4 5

1 25 3

44− 5− 5

I55− I

( )−3 1I3 I1 ( )−3 2

 …(iii)

Solving Eqs  (i), (ii) and (iii),

I

I

I

1

2

3

0 66

0 24

0 26

=
=
=

A

A

A

Current supplied by the battery = I1 = 0.66 A.

  Example 2.33  Find the current through the 4 W resistor in the network of Fig. 2.58.

8 V
6 V

2 Ω 2 Ω

2 Ω

4 Ω

2 Ω2 Ω

I1

I2

I3

Fig. 2.58

Solution Applying KVL to Mesh 1,

         

8 2 2 2 0

6 2 2 8

1

1 22 3

2 =
−2

I 21 21 22

I222

( )1 2 ( )1 3− 3I1 I33

…(i)

Applying KVL to Mesh 2,

  

− =
− −

2 2− 4 6− 0

2 8 4 6= −
2

1 28 3

( )2 1 ( )−2 3− I 42 − 4

I8+ 8+  
…(ii)

Applying KVL to Mesh 3,

   

− − =
− +

2 6+ 4 2− 0

2 4 8 6=
3

1 2 3

( )3 1 ( )3 2− − I3

I41 4−  
…(iii)

Solving Eqs  (i), (ii) and (iii),

I

I

I

1

2

3

2

0 5

1 5

=
=
=

A

A

A

I I I4 3I 2 1 5 0 5 1−I3I = −1 5 =. .5 0 A
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  Example 2.34  Determine the voltage V which causes the current I1 to be zero in the network 

of Fig. 2.59.

20 V

6 Ω

2 Ω

5 Ω 4 Ω

3 Ω

V

I1

I3

I2

1 Ω

Fig. 2.59

Solution Applying KVL to Mesh 1,

 

20 6 2 5 0

13 2 5 20

1 5

1 22 3

− 6

1 =3

22 55 V

V I13 1+13 1 I5 35 3

( )1 2−I1 I22 ( )1 33

 
…(i)

Applying KVL to Mesh 2,

 

−
+ =

2 3− 1 0=
2 6 0

2

1 26 3

( )2 1 ( )−2 3− I 12 −1

I66− I3  
…(ii)

Applying KVL to Mesh 3,

 

−1 4− 5 0=
5 1+ 0 0=

3 − 5

1 2+ 3

( )3 2 ( )3 1− I V+3 + −
V I+ 5 1 1− 0  

…(iii)

Putting I1 = 0 in Eqs  (i), (ii) and (iii),

 

V I I

V I I

=
−

−I =

2 5II 20

6 0I II =
10 0

2 3I5−

2 3I

2 3I−10  …(iv)

Solving Eqs  (i), (ii) and (iii),

 V = 43.7 V

  Example 2.35  Find the current through the 2 W resistor in the network of Fig. 2.60.

6 A
12 Ω

3 Ω

2 Ω

36 V
9 V

6 Ω

I1 I2 I3

Fig. 2.60

Solution Mesh 1 contains a current source of 6 A. Hence, we can write current equation for mesh 1. Since 

direction of current source and mesh current I1 are same,

                  
I1 6=

 
…(i)
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Applying KVL to Mesh 2,

36 12 6 0

36 12 6 6 0

18 6 108

26 3

2 36

−12 − 6

−12 +2

=3

( )2 1 ( )2 3

( )2 6( )6

2 12

I666662 62

I I62 366 36 …(ii)

Applying KVL to Mesh 3,

                

− =6 3− 2 9− 0

6 11 9=
3 32

2 31

( )3 2− I 23 − 2

111− 1  
…(iii)

Solving Eqs  (ii) and (iii),

                   

I

I I

3

2 3I

3

3

=
=I3I

A

A

 Example 2.36  Determine the mesh currents I1, I2 and I3 in the network of Fig. 2.61.

30 V

50 V
1 A I3

I2

I1 6 Ω

5 Ω

15 Ω

10 Ω

Fig. 2.61

Solution Applying KVL to Mesh 1,

            

− −
= −

30 6 15 0=
21 15 30

1 5

1 215

151− 5

I I151 − 15

( )−1 2

 …(i)

Applying KVL to Mesh 2,

− − + −
− − =

10 15 50 5 0=
15 30 10 50

2

1 230 3

( )2 3 ( )2 12 3− 2 1−
I I+ 301 + 30 I3 …(ii)

For Mesh 3,

   I3 1=  
…(iii)

Solving Eqs  (i), (ii) and (iii),

I

I

I

1

2

3

0

2

1

=
=
=

A

A

 Example 2.37  Find the current through the 5 W resistor in the network of Fig. 2.62.

3 A

3 A4 A

2 Ω

5 Ω 2 Ω

2 V

I2

I3I1 I4

Fig. 2.62
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Solution Writing current equations for Meshes 1, 2 and 4,

I1 4= (i)

I2 3= (ii)…

I4 3= − iii)…(

Applying KVL to Mesh 3,

− − =5 2− 2 2− 0( )3 1 ( )3 2 ( )3 4− 3 − − …(iv)

Substituting Eqs  (i), (ii) and (iii) in Eq. (iv),

     

− − −
=

− = =

5 2 2 2 0=
2

4 2− 2

3

5 1Ω 3

( )43 ( )3−3 ( )3+32− 2)44−
I3

I I=Ω5 1=Ω I3

A

A

EXAMPLES WITH DEPENDENT SOURCES 

  Example 2.38  Obtain the branch currents in the network shown in Fig. 2.63.

5 Ω 5 Ω

10 Ω

10 V5 V

+  −

+
−

10IB

5IA

IA IB

Fig. 2.63

Solution Assigning clockwise currents in two meshes as shown in Fig. 2.64,

From Fig. 2.64, 

…(i)I IA 1

I IB 2  
…(ii)

Applying KVL to Mesh 1,

5 5 10 10 5 0

5 5 10 10 10 5 0

1 10

1 20 1 20 1

5 5

5 −10 − 5

I I101 101

I I101 101 I I101 10+1

A5− 5101010( )I I1 2I I1 −1

− = −

= =

20 5

1

4
0

1

1

I1

I1 . A25 …(iii)

Applying KVL to Mesh 2,

5 10 5 10 0

5 10 10 5 10

15 1 10

2

1 210 1 25

1 215

10 I5

10 I55

I I151 15

A 10 −2I5 =
01010 =2I55

=2I1515

( )2 1

…(iv)

5 Ω 5 Ω

10 Ω

10 V5 V

+  −

+
−

10IB

5IA

IA IB

I1 I2

Fig. 2.64
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Putting I1 = 0.25 A in Eq. (iv),

 

15 25 15 10

0 416

2

2

( .0 )

.

15

= −I A

 Example 2.39  Find the mesh currents in the network shown in Fig. 2.65.

5 Ω

2 Ω4 Ω

1 Ω

10 V

5 V −
+ 2V1

2V2

+  −

+
V1

−

+ V2 −

Fig. 2.65

Solution Assigning clockwise currents in the 

two meshes as shown in Fig. 2.66,

From Fig. 2.66, …(i)

         

V I1 1V IV 5

V I2 2V IV 2
  …(ii)

Applying KVL to Mesh 1,

 

− =
− − −

5 5− 2 4− 1 2 0

5 5− 2 4 2+ 5

1 2 1 1

1 1 1 2

I 21 2− 2 I 11 −1 V2+ 12+
I 21 − 2 − +− I

( )−1 22

( )2 2I22 ( 11

1 2

0

20 3 52

) =

2I1 3+ 3 …(iii)

Applying KVL to Mesh 2,

                 

−
− +

2 1 2 1− 0 0=
2 2 1= 0

11 3 1= 0

1 2

2 1 2

1 23

V 11 1− 2− 2

I− I 21 − 2

I 31 − 3

( )−2 1I I1

( )5− 1I1

 
…(iv)

Solving Eqs  (iii) and (iv),

                       

I

I

1

2

0 161

2 742

=
= −

.

.

A

A

 Example 2.40  Find currents Ix and Iy of the network shown in the Fig. 2.67.

5 Ω

2 Ω4 Ω

1 Ω
10 V

5 V
− 
+++

2Iy

2Ix

+ −+
Iy

Ix

Fig. 2.67

5 Ω

2 Ω4 Ω

1 Ω
10 V

5 V −
+++ 2V1

2V2

+ −+

+
V1

−

+ V2 −

I1 I2

Fig. 2.66



2.3 Mesh Analysis 2.29

Solution Assigning clockwise currents in the two Meshes as shown in Fig. 2.68.

From Fig. 2.68,

I Iy 1

I I Ix I1 2I−

Applying KVL to Mesh 1,

− =

− +

5 5− 2 4 1 2 0

5 5− 2 4 2

1 4−

1 14− 1 2 1

I 21 − 2 I −11 I2+

I 21 − 2 I I I− +1 1 + I1

x y14 11 2+( )−1 2

( )−1 2 == 0

  − =
−

5 5− 2 2 4 2+ 0

10 3 5=
1 1 2 1− 4 1 2 1

1 23

I I I2 2+1 1− − ++ I1

I + 31 + 3 …(iii)

Applying KVL to Mesh 2,

    

−

− =
−

2 1 2 1− 0 0=

2 2+ 10

3 1= 0

2

1 2 1 2

1 23

1− I− 2

− I2−1 2−
I 31 − 3

y ( )2 1−I I1

 ...(iv)

Solving Eqs  (iii) and (iv),

   

I

I

1

2

15

11
1 364

2 878

= − = −

= −

.

.

A

A

  

I

I I I

y

x

= −

I = − + =

1 364

1 364 2 878 1 5141 2I−

.

. .+364 .

A

A

 Example 2.41  Find the currents in the three meshes of the network shown in Fig. 2.69.

1 Ω

1 Ω

1 Ω 1 Ω

1 Ω 1 A5 V

+ −

+
− Iy

Iy

Ix Ix

Fig. 2.69

Solution Assigning clockwise currents in the three meshes is shown in Fig. 2.70.

1 Ω

1 Ω

1 Ω 1 Ω

1 Ω 1 A5 V

+ −

+
− Iy

Iy

Ix Ix

I1 I2 I3

Fig. 2.70

5 Ω

2 Ω4 Ω

1 Ω
10 V

5 V
− 
+++ 2Iy

2Ix

+  −+  
Iy

Ix

I1 I2

Fig. 2.68



2.30 Network Analysis and Synthesis

From Fig. 2.70,

                                                                                      Ix = I1 ...(i)

                                                                                              I I Iy −I2 3I−  …(ii)

Applying KVL to Mesh 1,

           

5 1 1 0

5 0

2 5

1 11 2

1 2 3 1 2

1 3

1 − 11

−2

I I1 −1 y ( )1 2

( )2 3 ( )1 2

 
…(iii)

Applying KVL to Mesh 2,

−

− + − −

1 1+ 1 0=2 − 1

2 1 2

( )2 1 ( )−2 3

( )2 1 ( )2 3 (

− I1− I 1−1

2 1− −2 3− I I2 1− I I−2

y x2I I1

33

2

0

2 02

) =

2−2 …(iv)

For Mesh 3,

                      I3 1= −  
…(v)

Solving Eqs  (iii), (iv) and (v),

                     

I

I

I

1

2

3

2

0

1

=
=

= −

A

A

 Example 2.42  For the network shown in Fig. 2.71, fi nd the power supplied by the dependent  voltage 

source.

50 Ω

20 Ω 30 Ω

5 A
+
V1

−
0.4 V1 0.01 V1

+
−

Fig. 2.71

Solution Assigning clockwise currents in three Meshes as shown in Fig. 2.72.

50 Ω

20 Ω 30 Ω

5 A
+
V1

−
0.4 V1 0.01 V1

+
−I1 I2

I3

Fig. 2.72



2.3 Mesh Analysis 2.31

From Fig. 2.72,

  

V V

V I I

V I I

1VV 1VV

1 1V IV 3

1 1V IV 3

20 0 4 0

0 6 20 20

33 33 33 33

=V1VV

−I1II

−I1II

( )I I1II 3−1II

.1I 33 …(i)

For Mesh 1,

            I1 5=  
…(ii)

For Mesh 2,

   

I I

I

2 1VV 1

1 2 3

0 01 0V1VV 01 33 33

0 33 0I I 33 0I2I =
.VV 01VV ( .33 . )I3I33

. .33 0I1 22I  
…(iii)

Applying KVL to Mesh 3,

− =
− + =

50 30 20 0

20 30 100 0

3 30 20

1 230 3

I 303 − 30 20− 20

I I301 − 30 I

( )−3 2I3 I2 ( )−3 1I3 I1

 …(iv)

Solving Eqs  (ii), (iii) and (iv),

I

I

I

1

2

3

5

1 47

0 56

=
= −
=

A

A

A

.

  
V I I1 1V IV 333 33 33 33 33 5 33 56−I1II 5= 33.1I 33 . (33(3333 ) .33 ( .0 ) 148= V

   Power supplied by the dependent voltage source = 0.4 V1 (I1 − I2)   = 0.4 (148) (5 + 1.47)   = 383.02 W

 Example 2.43  Find the voltage Vx in the network shown in Fig. 2.73.

16.67 Ω 33.33 Ω

25 Ω
30 V

0.45 A

10 V

+ Vx −

2 Vx

− 
+

`

Fig. 2.73

Solution Assigning clockwise currents in the three meshes as shown in Fig. 2.74.

16.67 Ω 33.33 Ω

25 Ω

30 V

0.45 A

10 V

+ Vx −

2 Vx

− 
+

I1

I3

I2

Fig. 2.74



2.32 Network Analysis and Synthesis

From Fig. 2.74,

  
V IxVV 16 67 1  …(i)

Applying KVL to Mesh 1,

          

− − − =
− −

30 16 67 33 33 2 10 0

30 16 67 33 33

1 33 5

1 133

.67 1 33 ( )−1 3 ( )−1 2

.67 1 33

I 33 331 − 33 331 33 ( 1 25− 25)3 ( 1

I I33 331 1− 33 331 33 +++ + − =
− + =

33 33 25 25 10 0

75 25 33 33 40

3 15 2

1 225 3

.

.

I I− 253 1− 25 I

I I+ 251 + 25 I
 

…(ii)

Applying KVL to Mesh 2,

                  

10 25 2 0

10 25 2 67 01

− 25 + 2

− 25 + 2 67

( )2 1

( )2 1 ( .1616 )

2 12 V

2 12

xV

   

10 25 2 33 34 0

58 34 25 10

2 15 1

1 25

− 25 + =33 34 1

=2 −
I I252 125+2 I1

I I251 252525

.

.  
…(iii)

For Mesh 3,

   I3 0 45=  …(iv)

Solving Eqs  (ii), (iii) and (iv),

                   

I

I

I

1

2

3

0 9

1 7

0 45

= −
= −
=

A

A

A

                   
V IxVV =I16 67 16 67 911 .16I1 ( .−0 ) V= −15

 
…(v)

 Example 2.44  For the network shown in Fig. 2.75, fi nd the mesh currents I1, I2 and I3.

2 Ω 1 Ω

1 Ω 2 Ω

3 Ω
+

−

15 A

0.111 Vx

VxI1 I2

I3

Fig. 2.75

Solution From Fig. 2.75,

       
VxVV 3( )I II1 2I−

 
…(i)

Writing current equation for the two current sources,

            I3 15=  
…(ii)

and

                  

0 111

0 3

1 3

1 3

.

. [111 ( )1 2

V I1 I3

1 I I1 3

xVV 1I1

=)2

0 333 0 333 0

0 667 0 333 0

1 2333 1 3

1 2333 3

.333 1 0

.667 1 0

I I0 3331 0 3331 0 I I1

I I0 3331 0 3331 0 I

−20 333 =3I3

−0 667 I1 + =3I3 …(iii)



2.3 Mesh Analysis 2.33

Applying KVL to Mesh 2,

  

− −
− − =

3 1− 2 0=
3 6 0

2

1 26 3

( )2 1 ( )2 3− 2 3−
I6+ 6+ I3  

…(iv)

Solving Eqs  (ii), (iii) and (iv),

  

I

I

I

1

2

3

17

11

15

=
=
=

A

A

A

 Example 2.45  For the network shown in Fig. 2.76, fi nd the magnitude of V0 and the current  supplied 

by it, given that power loss in RL = 2 W resistor is 18 W.

V0

5 Ω 10 Ω 5 Ω

2 Ω 2 Ω RL = 2 Ω4 Ω

+ Vx −

2Vx

Fig. 2.76

Solution Assigning clockwise currents in meshes is shown in Fig. 2.77.

V0

5 Ω 10 Ω 5 Ω

2 Ω 2 Ω RL = 2 Ω4 Ω

+ Vx −

2Vx

I1 I2 I3 I4

Fig. 2.77

From Fig. 2.77,

V Ix 1 …(i)

Also,

I R

I

I

LR4
2

4
2

4

18

18

3

=

=
( )2

A …(ii)

Applying KVL to Mesh 1,

V

I V

0 1V IV

1 2I 0VV

5 2I1I 0

7 2I1

1II =
=I2I

( )I I1 2I II2I

…(iii)

Applying KVL to Mesh 2,

         

− =
− =

2 4− 0

2 6 0

2

1 26

( )2 1− I

I6+ 6+  …(iv)

For Mesh 3,

        

I I

I I

3I VxV 1

1 3I I

2 2VVxVV 10

10 0

VV

=I3I

( )15 I1II

 …(v)



2.34 Network Analysis and Synthesis

Applying KVL to Mesh 4,

   

−
− =

2 5− 2 0=
2 9 0

4 42

3 49

( )4 3− I 24 − 2

I9+ 9+

              

−
=

2 9+ 0=
13

3

3I3

( )3

. A5

From Eq. (v),

                      
I

I
1

3

10

13 5

10
1= = =

.
. A35

From Eq. (iv),

               

− +
=

2 35 6 0=
0 45

2

2

( .1 )

I A

From Eq. (iii),

             

7 35 0

8 55

0

0

( .1 ) (2 . )45)45 =02 )45

=
V0

V0 V

Current supplied by voltage source V0 = I1 = 1.35 A

 Example 2.46  In the network shown in Fig. 2.78, fi nd voltage V2 such that Vx = 0. 

2 3A A

24 V

10 Ω

Vx

+

+++

−

−

20 Ω

5 Ω

0 1 Vx

V2

Fig. 2.78

Solution Assigning clockwise currents in four meshes as shown in Fig. 2.79.

From Fig. 2.79,
VxVV 20 ( )I II3 4I− …(i)

Writing current equations for Meshes 1 and 2,

…(ii)I

I

1

2

2

3

=
= …(iii)

Applying KVL to Mesh 3,

24 10 20 0

24 10 20 0

30 20

0

3 40

−10 − 20 =
−10

−30 =

( )3 1 ( )3 4

( )3( )2 ( )3 4

3 13 33

20202023 23

I I203 20+3 −−44 …(iv)

Applying KVL to Mesh 4,

− −
− − =

= −

20 5 0+ =
20 5 0

20 25

2

2

3 425

( )4 3 ( )4 2

( )4 3 ( )34

4 3− − V2

4 3− V+ 2+)34 3−
I I253 − 25 VV2VV 15− …(v)

But

       

V

I I

xVV =
=

0

20 0

3 4I I

( )I II3 4I II

2 A 3 A

24 V

10 Ω

Vx

+

++

−

−

20 Ω

I1

I3 I4

I2

5 Ω

0.1 Vx

V2

Fig. 2.79



2.4 Supermesh Analysis 2.35

From Eq. (iv),

                

= −
=
=

30 20 44

4 4

4 4

3 320

3

4

I I+ 203 3+ 20

I3

I

.

.

A

A

From Eq. (v),

                

20 4 4 15

7

2

2

( .4 ) (25 . )4)4 =4(25 )4 −2−
=

V2V22

V2 V

2.4    SUPERMESH ANALYSIS

Meshes that share a current source with other meshes, none of which contains a current source in the outer 

loop, form a supermesh. A path around a supermesh doesn’t pass through a current source. A path around each 

mesh contained within a supermesh passes through a current source. The total number of equations required 

for a supermesh is equal to the number of meshes contained in the supermesh. A supermesh requires one 

mesh current equation, that is, a KVL equation. The remaining mesh current equations are KCL equations.

 Example 2.47  Find the current through the 10 W resistor of the network shown in Fig. 2.80.

5 Ω

1 Ω 10 Ω
15 Ω4 A

2 V I1 I2 I3

Fig. 2.80

Solution Applying KVL to Mesh 1,

2 1 10 0

11 10 2

1 10

1 210

1 =
=2

I 101 101

I I101 101010

( )1 2− 2I1 I

…(i)

Since meshes 2 and 3 contain a current source of 4 A, these two meshes will form a supermesh. A 

supermesh is formed by two adjacent meshes that have a common current source. The direction of the current 

source of 4 A and current (I3 − I2) are same, i.e., in the upward direction.

Writing current equation to the supermesh,1

             3 2I I 4=I2I  …(ii)

Applying KVL to the outer path of the supermesh,

  

− −
− =

10 5 15 0=
10 1 15 0

2 315

1 25 3

( )2 12 1− 151− 5

I I151 −15 I3  
…(iii)

Solving Eqs  (i), (ii) and (iii),

                       

I

I

I

1

2

3

2 35

2 78

1 22

= −
= −
= .

A

A

A
 …(iv)

Current through the 10 Ω resistor = I1 − I2 = −(2.35) − (−2.78) = 0.43 A
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 Example 2.48  Find the current in the 3 W resistor of the network shown in Fig. 2.81.

7 V
1 Ω

2 Ω

2 Ω

1 Ω

3 Ω7 AI1

I2

I3

Fig. 2.81

Solution Meshes 1 and 3 will form a supermesh.

Writing current equation for the supermesh,

                                 I I1 3I I 7=I3I  …(i)

Applying KVL to the outer path of the supermesh,

                       

7 1 3 1 0

4 4 7

3

1 2 3

1 − =1 3

− − =4 3 −
( )1 2 ( )3 211 I33

I 41 + 44 I3  …(ii)

Applying KVL to Mesh 2,

                           

−
=

1 2− 3 0=
6 3+ 0

2 3

1 26 3

( )2 1 ( )−2 3− I 32 − 3

I 61 − I  …(iii)

Solving Eqs  (i), (ii) and (iii),

                                 

I

I

I

1

2

3

9

2 5

2

=
=
=

A

A

A

Current through the 3 Ω resistor = I2− I3 = 2.5 − 2 = 0.5 A

 Example 2.49  Find the current in the 5 W resistor of the network shown in Fig. 2.82.

50 V

10 Ω

5 Ω

2 Ω

1 Ω

3 Ω
2 AI1

I2

I3

Fig. 2.82



2.4 Supermesh Analysis 2.37

Solution Applying KVL to Mesh 1,

      

50 10 5 0

15 10 5 501 210 3

−10 − 5

−2

( )1 2 ( )1 311

I I101 1010  
…(i)

Meshes 2 and 3 will form a supermesh as these two meshes share a common current source of 2 A.

Writing current equation for the supermesh,

                   
I I2 3I 2=I3I

  
…(ii)

Applying KVL to the outer path of the supermesh,

− − −
− +

10 2 1 5 0=
15 12 6 0=

2 3

1 2 3

( )2 1 ( )3 12 1− I12 31− −
I I+121 +12  

…(iii)

Solving Eqs  (i), (ii) and (iii),

                                                                                                           
I1 20= A

                                                                                              

I

I

2

3

17 33

15 33

=
=

A

A

.

.

Current through the 5 Ω resistor = I1 − I3 = 20 − 15.33 = 4.67 A

 Example 2.50  Determine the power delivered by the voltage source and the current in the 10 W

resistor of the network shown in Fig. 2.83.

50 V

1 Ω

5 Ω

10 Ω

5 Ω

3 A

10 A

I1

I2

I3

Fig. 2.83

Solution Meshes 1 and 2 will form a supermesh.

Writing current equation for the supermesh,

   I I1 2I I 3=I2I  …(i)

Applying KVL to the outer path of the supermesh,

          

50 5 5 10 1 0

6 15 11 50

1 25

1 25 3

− 5 −10 −1

−6 11

I55

1515

( )2 3I I2 32 ( )1 3

…(ii)

For Mesh 3,

I3 10= …(iii)

Solving Eqs  (i), (ii) and (iii),

I

I

I

1

2

3

9 76

6 76

10

=
=
=

A

A

A

Power delivered by the voltage source = 50 I1 = 50 × 9.76 = 488 W

I I I10 3 2I 10 6 76 3 24Ω I3 = −10 . .76 3 A



2.38 Network Analysis and Synthesis

 Example 2.51  For the network shown in Fig. 2.84, fi nd current through the 8 W resistor.

6 Ω

4 Ω 8 Ω
2 Ω 11 Ω

3 A 12 A
10 V

7 A5 VV

I2

I3

I4

I1

Fig. 2.84

Writing current equations for Meshes 1 and 4, 
...(i)

   

I

I

1

4

3

12

= −
= −  ...(ii)

Meshes 2 and 3 will form a supermesh.

Writing current equation for the supermesh,

  I I3 2I I 7=I2I  
…(iii)

Applying KVL to the outer path of the supermesh,

5 4 6 8 10 0

5 4 6 8 10 0

10

2 8

26

4 − 6 + =
4 −2

−

( )2 1 ( )3 44−
( )32 3 ( )123 12

2 12 88( 3

I66632 3+2

III2 38 9I3I 3I3I …(iv)

Solving Eqs  (iii) and (iv),

  

I

I

2

3

8 28

1 28

= −
= − .

A

A

  
I I I8 3I I 4 1 28 12 10 72−I3I = − 12. .28 1 1012 A

EXAMPLES WITH DEPENDENT SOURCESEXAMPLES WITH DEPENDENT SOURCES

 Example 2.52  In the network of Fig. 2.85, fi nd currents I1 and I2.

8 Ω

10 Ω
2 Ω

3V0

+ −

−3 A

−10 V

V0

I1 I2

Fig. 2.85

Solution From Fig. 2.85,

  

− −10 8 0=
10 8

1 0

0 1

1 0−
V = 10 I80 1= − −10 8  …(i)

Meshes 1 and 2 will form a supermesh.

Writing current equations for the supermesh,

  I I2 1I 3=I1II −  …(ii)



2.4 Supermesh Analysis 2.39

Applying KVL to the outer path of the supermesh,

       

− =
− −

= −

10 8 3 10 0

10 8 3 1− 0 0=
16 10 20

1 0 2

1 3 2

1 210

I V31 03− I

33−
I I101 −10

( )10 8 110 810 8−−10 8

 
…(iii)

Solving Eqs  (ii) and (iii),

     

I

I

1

2

8 33

11 33

= −
= − .

A

A

 Example 2.53  In the network of Fig. 2.86, fi nd the current through the 3 W resistor.

3 Ω

2 Ω 5 Vx

1 Ω
+
−

+

− 2 A

−4 V

Vx

Fig. 2.86

Solution Assigning clockwise currents in two meshes as shown in Fig. 2.87.

From Fig. 2.87,

  
V IxVV 2 1 

…(i)

Meshes 1 and 2 will form a supermesh.

Writing current equations for the supermesh,

  I I2 1I 2=I1II  
…(ii)

Applying KVL to the outer path of the supermesh,

   

− =
−

=

2 4 3 5− 0

2 4 3 5− 0=
8 3 4

1 23

1 23

1 23

4 31 −4− 3 V

4 31 −4− 3

I33−

xVV

( )−2 1

 
…(iii)

Solving Eqs  (ii) and (iii),

   

I

I

1

2

2

4

=
=

A

A

   I I3 2I I 4=I2I A

 Example 2.54  Find the currents I1 and I2 at the network shown in Fig. 2.88.

110 V 0.5 V1V1

I1 I2

I3

14 Ω 4 Ω

10 Ω

+

−
2 Ω 6 Ω

Fig. 2.88

3 Ω

2 Ω 5 Vx

1 Ω
+
−

+

− 2 A

−4 V

Vx

I1 I2

Fig. 2.87



2.40 Network Analysis and Synthesis

Solution From Fig. 2.88,

          V1 = 2 (I1 − I2)

Meshes 2 and 3 will form a supermesh.

Writing current equation for the supermesh,

 I I I I3 2I I 1 1II 20 5 0 5 2=I2I ×= 0 5 =. 15 ( )I I1II 2I2V11

 I I3 1I II

Applying KVL to outer path of the supermesh,

 

− =
− −
2 1− 0 6 0

2 2 10 6 0=
3 26

2 1 1 26

1 2

( )2 1− I66−
I2+2 12+ I 61 − 6

I I=1 = −

Applying KVL to Mesh 1,

 

110 14 4 2 0

110 20 2 0

1 1

1 22

−14 2 =
− 20

4444

I 21 2+1

( )1 2I I11

              

110 20 2 0

5

5

1 22

2

1 2

+ 20

= −
=

I 21 2+1

I

I I1 =
A

A

 Example 2.55  For the network of Fig. 2.89, fi nd current through the 8 W resistor.

50 V
52 V

0.5 Ix

5 Iy

+ −
Iy

Ix

8 Ω

10 Ω 6 Ω

Fig. 2.89

Solution Assigning clockwise currents to the three meshes as shown in Fig. 2.90.

From Fig. 2.90, 

…(i)

 

I I

I I I

x

y −I

1

2 3I−
 

…(ii)

Meshes 1 and 2 will form a supermesh.

Writing current equation for the supermesh,

 

I I I

I I

x2 1I

1 2I

0 5 50 5

0 5 0

=I1II

I−0 5 =
. .I x5 0 ( )I1

 
…(iii)

Applying KVL to the outer path of the supermesh,

 

50 10 6 8 52 0

10 14 16 2

2

1 2 3

−10 − 6 −28 =
−10 =3+16

( )1 3 ( )2 31 31 I

I I141 141 I3  …(iv)

50 V
52 V0.5 Ix

5 Iy
+ −

Iy

Ix
I1 I2

I3

8 Ω

10 Ω 6 Ω

Fig. 2.90



2.4 Supermesh Analysis 2.41

Applying KVL to Mesh 3,

  

=

− − =

5 6 10 0

5 6− 10 0

10

6− −10

I

y ( )3 2−I3 I2 ( )−3 1−I3 I1

( )2 3− ( )3 2I I3 − ( )3 1I I3 1−

1 211 311 0+ =I I311−2  
…(v)

Solving Eqs  (iii), (iv) and (v),

  

I

I

I

1

2

3

1 56

0 58

1 11

= −
= −
= − .

A

A

A

  
I I8 2I I 0=I2I − . A58

 Example 2.56  For the network shown in Fig. 2.91, fi nd the current through the 10 W resistor.

15 V
40 V

20 V10 Ω 5 Ω 4 Ω

2 I12 A

I1 I2 I3

Fig. 2.91

Solution Meshes 1, 2 and 3 will form a supermesh.

Writing current equations for the supermesh, 

…(i)          
I I1 2I 2=I2I  

…(ii)

and       

I I I3 2I I 1

1 2 3

2

2 0I I I1 2 3

=I2I

I I2I 3  

Applying KVL to the outer path of the supermesh,

15 10 20 5 4 40 0

10 5 4 35

1 20 5 3

1 25 3

−10 + =40

=
I 20 51 20 51 5 I3

I 51 + 55 I3 …(iii)

Solving Eqs  (i), (ii) and (iii),

                       

I

I

I

1

2

3

1 96

0 04

3 89

=
= −
=

A   

A

A

                  
I I10 1 1Ω =I1 . A96

 Example 2.57  In the network shown in Fig. 2.92, fi nd the power delivered by the 4 V source and 

voltage across the 2 W resistor.
2 Ω

5 Ω

5 A

4 V

V2

I2

I1

I3

+ −V2

6 Ω

4 Ω

1 Ω V2

2

Fig. 2.92
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Solution From Fig. 2.92,

  
V I2 1V IV I2

 
…(i)

Meshes 1 and 2 will form a supermesh.

Writing current equation for the supermesh,

I I2 1I 5=I1I …(ii)

Applying KVL to the outer path of the supermesh,

4 5 2 6 4 1 0

12 6 5 4

2 12 1

1 26 3

5 6 =
−12 =35 −

I 22 22 I 41 41 11

I 61 61 I3

( )1 3 ( )2 33−I I3I3

…(iii)

For Mesh 3,

   
I

V I
I3

2 1V IV I
1

2

2

2
= = =

  I I1 3I I 0=I3I  …(iv)

Solving Eqs  (ii), (iii) and (iv),

         

I

I

I

1

2

3

2

3

2

= −
=
= −

A

A

A

Power delivered by the 4 V source = 4 I2 = 4 (3) = 12 W

              
V2 1V IV 2 2I1I 4I1II ( )2−2 V

 Example 2.58  Find currents I1, I2, I3, I4 of the network shown in Fig. 2.93.

1
10

Ω

6 V 40 A

5 Vx

+

−
Vx

I1

I2 I3

I4

1
20

Ω 1
15

Ω

1
2

Ω1
5

Ω

1
6

Ω

Fig. 2.93

From Fig. 2.93,

                                              
VxVV

1

5
( )I I−I2 1II−

 
…(i)

For Mesh 4,

                                               I4 40=  …(ii)

Applying KVL to Mesh 1,

                                  

− − =

− − − +

6
1

10

1

5

1

6
0

6
1

10

1

5

1

5

1

6

1

6
4

1 1
5

2 1
6

4

1 1
5

2 1−
6

I −
1

1 − −
1

−

I I I− +
1 1

1 1− I

( )−1 2I I2 ( )−1 4I I

( 0 000

7

15

1

5

2

3
1 2

5

)

− = −I I
1

1 +1
 

…(iii)



2.5 Node Analysis 2.43

Mesh 2 and 3 will form a supermesh.

Writing current equation for the supermesh,

           

V I IxV3 2I I 2 1II5VVV
1

5
=I2I

⎡
⎣⎣⎣

⎤
⎦⎦⎦

−I2( )I I2 1II−I2

  I1 2 32 0I I2 3I2I  
…(iv)

Applying KVL to the outer path of the supermesh,

        

− − − =

− − −

1

5

1

20

1

15

1

2
0

1

5

1

5

1

20

1

15

1

2 3
15

2 1
5

2 3
15

( )2 1 ( )3 42 1− I I
1

2 3− 3 −

I I+
1

2 1+ I I
1

2 3−
22

1

2
0

1

5

1

4

17

30
20

3

1 2
4

2 3

I3

I I
1

1 I3

+ =

−2 = −

( )4040

 

…(v)

Solving Eqs  (iii), (iv) and (v),

    

I

I

1

2

10

20

=
=

A

A

    

I

I

3

4

30

40

=
=

A

A

 2.5    NODE ANALYSIS

Node analysis is based on Kirchhoff’s current law which states that the algebraic sum of currents meeting 

at a point is zero. Every junction where two or more branches meet is regarded as a node. One of the nodes 

in the network is taken as reference node or datum node. If there are n nodes in any network, the number of 

simultaneous equations to be solved will be (n − 1).

Steps to be followed in Node Analysis

Assuming that a network has 1. n nodes, assign a reference node and the reference directions, and 

assign a current and a voltage name for each branch and node respectively.

Apply KCL at each node except for the reference node and apply Ohm’s law to the branch currents.2. 

Solve the simultaneous equations for the unknown node voltages.3. 

Using these voltages, fi nd any branch currents required.4. 

 Example 2.59  Calculate the current through 2 W resistor for the network shown in Fig. 2.94.

0.5 Ω

1 Ω

VA VB

20 V 20 V

1 Ω1 Ω
2 Ω

Fig. 2.94

Solution Assume that the currents are moving away from the nodes.



2.44 Network Analysis and Synthesis

Applying KCL at Node A,

  

V V V V

V V

V V

A AV V A BV VV

A BV VV

A BV VV

+ +A =

+ +⎛
⎝⎜
⎛⎛
⎝⎝

⎞
⎠⎟
⎞⎞
⎠⎠

=VBVV

=VBVV

20

1 1 0 5
0

1

1

1

1

1

0 5

1

0 5

20

1

4 2VV

. .⎠5 0

2022  …(i)

Applying KCL at Node B,

V V V V

V V

V

B AV VV B BV VV V

A BV VV

AV

+ +B −
=

− VV
⎛
⎝
⎛⎛
⎝⎝

⎞
⎠
⎞⎞
⎠⎠

=

−

0 5 2

20

1
0

1

0 5

1

0 5

1

2

1

1

20

1

2 3VAV +VAV 5

. .⎝5 0

. VVBVV = 20 …(ii)

Solving Eqs  (i) and (ii),

                                                           

V

V

AV

BVV

=
=

11

12

V

V

Current through the resisto A2
2

12

2
6Ω =resistor

VBVV

 Example 2.60  Find the voltage at nodes 1 and 2 for the network shown in Fig. 2.95.

1 Ω

1

2 ΩV1 V2

2 Ω 1 Ω 2 A1 A

2

Fig. 2.95

Solution Assume that the currents are moving away from the nodes.

Applying KCL at Node 1,

1
2 2

1

2

1

2

1

2
1

0 5 1

1 1 2

1 2
2

1 2

= +1 −

+⎛
⎝⎜
⎛⎛
⎝⎝

⎞
⎠⎟
⎞⎞
⎠⎠

=2

=2

V V1 1 V2

V V
1

1 22

V V0 51 20 50 5 20 5 …(i)

Applying KCL at Node 2,

  

2
1 2

1

2
1

1

2
2

0 5 1 4

2 2 1

2
2

1

1 2

= +2 −

− ⎛
⎝
⎛⎛
⎝⎝

⎞
⎠
⎞⎞
⎠⎠

=

−0 5 =

V V2 2 V1

V V1
1

211 +1 +⎛⎛⎛ ⎞⎞⎞

V V1 51 21 5+1.55V1 11  
…(ii)



2.5 Node Analysis 2.45

Solving Eqs  (i) and (ii),

V

V

1VV

2VV

2

2

=
=

V

V

 Example 2.61  Find the current in the 100 W resistor for the network shown in Fig. 2.96.

20 Ω 30 Ω

1 A

V1 V2

50 Ω

40 V

60 V 100 Ω

Fig. 2.96

Solution Assume that the currents are moving away from the nodes.

Applying KCL at Node 1,

     

V V V

V V

V

1 1V VV V 2VV

1 2V VV

1VV

60

20 30
1

1

20

1

30

1

30

60

20
1

0 083 0 033

+
−

=

+⎛
⎝⎜
⎛⎛
⎝⎝

⎞
⎠⎟
⎞⎞
⎠⎠

=V2VV +

−. .V1VV083 0 VV2VV 4=  
…(i)

Applying KCL at Node 2,

V V V V

V V

2 1V VV V 2 2VV

1 2V VV V

30

40

50 100
0

1

30

1

30

1

50

1

100

40

50

0

+
−

+ =2

− VVV
⎛
⎝
⎛⎛
⎝⎝

⎞
⎠
⎞⎞
⎠⎠

=

− .003300 0 063 0 81 2V V0 0631 20 =2V0 063 20 063 .022063 22063 …(ii)

Solving Eqs  (i) and (ii),

V

V

1VV

2VV

67 25

48

=
=

. V25

V

Current through the 100 resistor AΩ =resistor = =
V2VV

100

48

100
0 48

 Example 2.62  Find VA and VB for the network shown in Fig. 2.97.

1 Ω 2 Ω

2 Ω
2 Ω

VBVA

1 V

2 V2 A 12 Ω A

Fig. 2.97
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Solution Assume that the currents are moving away from the nodes.

Applying KCL at Node A,

        

2
2

1

2 1

1

2

1

2
1 2

1

2

2 2 5

= +
−

+

+ +⎛
⎝⎜
⎛⎛
⎝⎝

⎞
⎠⎠⎠

+

V V V V

V

V

A A+
V V A BV VV−

A BV VV

A BV VV . …(i)

Applying KCL at Node B,

            
V V V

V V

V V

B AV VV BVV

A BV VV

A BV VV

+
−

=

−VV
⎛
⎝
⎛⎛
⎝⎝

⎞
⎠
⎞⎞
⎠⎠

= +

−VV =

1

2

2
1

1
1

2
1

2

2

1 2

 
…(ii)

Solving Eqs  (i) and (ii),

               

V

V

AV

B

=
=

2 875

3 25

. V

V

 Example 2.63  Find currents I1, I2 and I3 for the network shown in Fig. 2.98.

5 Ω
2 Ω 4 Ω

10 Ω 2 Ω

50 V

25 V
I1

V1 V2

I2 I3

Fig. 2.98

Solution Assume that the currents are moving away from the nodes.

Applying KCL at Node 1,

    

V V V V

V V

V V

1 1V VV V 1 2V VV V

1 2V VV

1 2V VV V

2

25

5 10
0

1

2

1

5

1

10

1

10

25

5

0 8 0 1

+
−

+ =

+ +⎛
⎝⎜
⎛⎛
⎝⎝

⎞
⎠⎟
⎞⎞
⎠⎠

=V2VV

. VVV8 == 5 …(i)

Applying KCL at Node 2,

     

V V V V

V V

V

2 1V VV V 2 2V VV V

1 2V VV V

1VV

10 4 2
0

1

10

1

10

1

4

1

2

50

2

0 1

+ +2 −
=

− VVV
⎛
⎝
⎛⎛
⎝⎝

⎞
⎠
⎞⎞
⎠⎠

= −

−

( )50−

+++ 0 85 2= − 52V2
 

…(ii)



2.5 Node Analysis 2.47

Solving Eqs  (i) and (ii),

V

V

1VV

2VV

2 61

29 1

=
= − .

V

V

I
V

I
V V

I
V

1
1VV

2
1 2V VV V

3
2VV

2

2 61

2
1 31

10

2 2

10
3 17

= − = − = −

= = =

=
+

. (61 . )91

A

A

5055

2

29 1 50

2
10 45=

−29 1
=

.
. A45

 Example 2.64  Find currents I1, I2 and I3 and voltages Va and Vb  for the network shown in Fig. 2.99.

0.2 Ω

120 V

30 A 20 A

110 V

I1

Va Vb

I2 I30.3 Ω

a+

−

+

−

b

0.1 Ω

Fig. 2.99

Solution Applying KCL at Node a,

I I

V V Va aV VV V bVV

1 2I I30

120

0 2
30

0 3

−
= +30

−
. .2 0

36 0 3 1 8 0 2 0 2

0 5 0 2 34 2

− 0 3 −
=

.3 .0

.5 .

V V1 8 0 2= + 0 2 V

V V0 20 2

a aV VV V1 8 0+ 0 2.1 .22 bVV

a bV VV V0 2− 0 2.0 …(i)

Applying KCL at Node b, 

         

I I

V V Va bV VV V bVV

2 3 20

0 3

110

0 1
20

=I3I

+
−

=
. .3 0

0 1 0 1 33 0 3

0 03
20

0 1 0 4 32 4

.1

.1 .

V V0 1 V

V V0 4

a bV VV V1.0 bVV

a bV VV V0 4.0

+V0 1 bVV0 10 −
=

=V0 4 bVV0 4 − …(ii)

Solving Eqs  (i) and (ii),

       

V

V

aVV

bVV

=
=

112

109

V

V

                                                           

I
V

I
V V

I

aVV

a bV VV V

1

2

3

120

0 2

120 112

0 2
40

0 3

112 109

0 3
10

11

=
−

=
−

=

= =
−

=

=

. .2 0

. .3 0

A

A

00

0 1

110 109

0 1
10

−
=

−
=

VbVV

. .1 0
A
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 Example 2.65  Calculate the current through the 5 W resistor for the network shown in Fig. 2.100.

3 Ω

4 8A A
2 Ω 4 Ω

2 Ω

20 V

V1 V2 V3
5 Ω

Fig. 2.100

Solution Assume that the currents are moving away from the nodes.

Applying KCL at Node 1,

4
2 3

0

1

2

1

3

1

3
4

0 83 0 33 4

1 1 2

1 2
3

1 2

+ +1 −
=

+⎛
⎝⎜
⎛⎛
⎝⎝

⎞
⎠⎟
⎞⎞
⎠⎠

=2

=2 −

V V1 1 V2

V V
1

1 22

V V0 331 20 330 33 20 33.83 1 0
…(i)

Applying KCL at Node 2,

V V V V V

V V V

2 1V VV V 2VV 2 3V VV V

1 2V VV V 3VV

3 2 5
0

1

3

1

3

1

2

1

5

1

5

20

2

+
−

+ =

− VVV
⎛
⎝
⎛⎛
⎝⎝

⎞
⎠
⎞⎞
⎠⎠

− =V3VV −

−

( )20−

0 300 3 1 03 0 2 101 2 333V V1 031 21 031 V3−2V1 03 21 031 = −
…(ii) 

Applying KCL at Node 3,

  

V V V

V V

V

3 2V VV V 3VV

2 3V VV

2 3V V

5 4
8

1

5

1

5

1

4
8

0 2 0 45 8V3VV

+ =3

− VVV
⎛
⎝
⎛⎛
⎝⎝

⎞
⎠
⎞⎞
⎠⎠

=

− VVV0 2. VV2 VV2

 
…(iii)

Solving Eqs  (i), (ii) and (iii), 

  

V

V

V

1VV

2VV

3VV

8 76

9 92

13 37

= −
= −
= .

V

V

V

Current through the resisto A5
5

13 9

5
4 66

2Ω =resistor
−V V3 2 . (37 − . )92
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 Example 2.66  Find the voltage across the 5 W  resistor for the network shown in Fig. 2.101.

100 Ω 20 Ω

5 Ω

4 Ω

2 Ω

4 Ω

9 A

12 V

V1

V2
V3

Fig. 2.101

Solution Assume that the currents are moving away from the nodes.

Applying KCL at Node 1,

V V V V V

V V V

V

1 1V VV V 2 1V VV V 3VV

1 2V VV V 3VV

12

4 2 4
9 0

1

4

1

2

1

4

1

2

1

4
9

12

4

+
−

+
−

+ 9

+ +⎛
⎝⎜
⎛⎛
⎝⎝

⎞
⎠⎟
⎞⎞
⎠⎠

−2VV = − +

1 211VVVV 30 5 0 25 63V2V2 30 25 3−2 .2 0 …(i)

Applying KCL at Node 2, 

V V V V V

V V V

V

2 1V VV V 2 2V VV V 3VV

1 2V VV V 3VV

1VV

2 100 5
0

1

2

1

2

1

100

1

5

1

5
0

0 5

+ +2 −
=

− VVV
⎛
⎝
⎛⎛
⎝⎝

⎞
⎠
⎞⎞
⎠⎠

− =V3VV

− +++ 0 71 0 2 0=2 3.7 V 0− 22 30− 22 0 …(ii)

Applying KCL at Node 3,

V V V V V

V V V

V

3 2V VV V 3 3V VV V 1VV

1 2V VV V 3VV

1VV

5 20 4
9

1

4

1

5

1

5

1

20

1

4
9

0 2

+ +3 −
=

− VVV ++ +⎛
⎝
⎛⎛
⎝⎝

⎞
⎠⎟
⎞⎞
⎠⎠

=

−0. 0V1VV25 −V1VV25 0 200 0 92 3.2 V2 35V V0 522 0 =3V0 5 30 50 …(iii)

Solving Eqs  (i), (ii) and (iii),

V

V

V

1VV

2VV

3VV

6 35

11 76

25 88

=
=
=

.

.

V

V

V

Voltages across the i V5 2es sto 5 88 11 76 14 123 2Ω iresistor 11 76V3 2 . .88 11 .



2.50 Network Analysis and Synthesis

 Example 2.67  Determine the current through the 5 W resistor for the network shown in Fig. 2.102.

4 Ω

4 Ω 100 Ω 20 Ω

5 Ω2 Ω

36 V

3 A

V1
V2 V3

Fig. 2.102

Solution Assume that the currents are moving away from the nodes.

Applying KCL at Node 1,

V V V V V

V V V

V

1 1V VV V 2 1V VV V 3VV

1 2V VV V 3VV

1VV

4 2

36

4
3

1

4

1

2

1

4

1

2

1

4
3

36

4

0

+
−

+
− −36

=

+ +⎛
⎝⎜
⎛⎛
⎝⎝

⎞
⎠⎟
⎞⎞
⎠⎠

−2VV = +3

− ..5 0 2 122 3V V0 252 3.0 25 =3V0 25 30 25
  

…(i) 

Applying KCL at Node 2,

V V V V V

V V V

V

2 1V VV V 2 2V VV V 3VV

1 2V VV V 3

1VV

2 100 5
0

1

2

1

2

1

100

1

5

1

5
0

0 5

+ +2 −
=

− VVV
⎛
⎝
⎛⎛
⎝⎝

⎞
⎠
⎞⎞
⎠⎠

− =V3

− +++ 0 71 0 2 0=2 3.7 V 0− 22 30− 22 0
…(ii)

Applying KCL at Node 3,

    

V V V V V

V V V

3 2V VV V 3 3V VV V 1VV

1 2V VV V 3VV

5 20 4
0

1

4

1

5

1

5

1

20

1

4
9

+ +3 − −
=

− VVV ++ +⎛
⎝
⎛⎛
⎝⎝

⎞
⎠⎟
⎞⎞
⎠⎠

= −

−

( )36−

0 200 5 0 2 0 5 91 2 3.25 .V 0 21 21 0 V30 20 20
 

…(iii)

Solving Eqs  (i), (ii) and (iii),

V

V

V

1VV

2VV

3VV

13 41

7 06

8 47

=
=
= −

. V

V

V

Current through the resisto A5
5

7 8

5
3

3Ω =resistor
V V2 3 . (06 . )47



2.5 Node Analysis 2.51

 Example 2.68  Find the voltage drop across the 5 W resistor in the network shown in Fig. 2.103.

4 Ω

1 Ω 2 Ω

5 Ω

1 A

2 A

V1

V2 V3

Fig  2.103

Solution Assume that the currents are moving away from the nodes.

Applying KCL at Node 1,

1
5 4

0

1

5

1

4

1

5

1

4
1

0 45 0 2 0

1 2 1 3

1 2
5

3

1 2

+ + =

+⎛
⎝⎜
⎛⎛
⎝⎝

⎞
⎠⎟
⎞⎞
⎠⎠

−2 = −

V V1 2 V V1 3

V V
1

1 22 V3

V 0 21 20 20 2.45 1 0 .22522 13V3 = − …(i)

Applying KCL at Node 2,

V V V

V

V V

2 1V VV V 2VV

1 2V VV

1 2V VV V

5 1
2

1

5

1

5
2V2VV1

0 2 1 2 2

+ =2

− VVV
⎛
⎝
⎛⎛
⎝⎝

⎞
⎠⎠⎠

− VVV0 2 =. VVVVVV2 …(ii)

Applying KCL at Node 3,

V V V3 3V VV V 1VV

2 4
2 0+

−
+ 2

V V

V V

1 3V VV V

1 3V VV V

1

4

1

2

1

4
2

0 25 0V 2

− VVV
⎛
⎝
⎛⎛
⎝⎝

⎞
⎠
⎞⎞
⎠⎠

= −

−0 25VVV = −. VV5VVV25VVV . 
…(iii)

Solving Eqs  (i), (ii) and (iii),

       

V

V

V

1VV

2VV

3VV

4

1

4

= −

=

= −

V

V

V

       
V V V5 2V VV 1VV 1 5−V2VV = 1 =( )44 V
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 Example 2.69  Find the power dissipated in the 6 W resistor for the network shown in Fig. 2.104.

1 Ω 2 Ω

5 Ω

3 Ω
6 Ω

20 V

5 A

V3V2

V1

Fig. 2.104

Solution Assume that the currents are moving away from the nodes.

Applying KCL at Node 1,

V V V V V

V V V

V V

1 1V VV V 2 1V VV V 3VV

1 2V VV V 3VV

1 2V VV V

20

3 1 2
0

1

3
1

1

2

1

2

20

3

1 83

+
−

+
−

=

+ +1
⎛
⎝⎜
⎛⎛
⎝⎝

⎞
⎠⎟
⎞⎞
⎠⎠

−2VV =

− =−− 0 5 6 673 .63.5V3V33 …(i)

Applying KCL at Node 2,

    

V V V V

V V V

V V

2 1V VV V 2 3V VV V

1 2V VV V 3VV

1 2V VV 3

1 6
5

1
1

6

1

6
5

1 17 0V2VV 17 5

+ =

− VVV
⎛
⎝
⎛⎛
⎝⎝

⎞
⎠
⎞⎞
⎠⎠

− =V3VV

−VVV =V30 17.V 02V
 

…(ii)

Applying KCL at Node 3,

   

V V V V V

V V V

V

3 1V VV V 3 3V VV V 2VV

1 2V VV V 3VV

1VV

2 5 6
0

1

2

1

6

1

2

1

5

1

6
0

0 5 0 1

+ +3 −
=

− VVV ++ +⎛
⎝
⎛⎛
⎝⎝

⎞
⎠⎟
⎞⎞
⎠⎠

=

−V1VV−0 5. .V1VV5 0 7 077 8 02 3V 0 V872 30 87 =30 V87 30 87  
…(iii)

Solving Eqs  (i), (ii) and (iii),

  

V

V

V

1VV

2VV

3VV

23 82

27 4

19 04

=
=
=

.

.

.

V

V

V

I
V V

6
2 3V VV V

6

27 4 19 04

6
1Ω = = =

. .4 19
. A39

Power dissipated in the 6 Ω resistor = (1.39)2 × 6 = 11.59 W

 Example 2.70  Find the voltage V in the network shown in Fig. 2.105 which makes the current in 

the 10 W resistor zero.
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3 Ω 10 Ω

2 Ω 5 Ω

7 Ω

50 VV

V1 V2

Fig. 2.105

Solution Assume that the currents are moving away from the nodes.

Applying KCL at Node 1,

V V V V V

V V V

V

1 1V VV VV 1 2VV VV

1 2V VV V

1VV

3 2 10
0

1

3

1

2

1

10

1

10

1

3
0

0 93 0V1VV 1

+ +1 −
=

+ +⎛
⎝⎜
⎛⎛
⎝⎝

⎞
⎠⎟
⎞⎞
⎠⎠

−V2VV =

. .93 0V1VV V VVV2VVVV 0 33 0VV …(i)

Applying KCL at Node 2,

   

V V V V

V V

V

2 1V VV V 2 2V VV V

1 2V VV V

1VV

10 5

50

7
0

1

10

1

10

1

5

1

7

50

7

0 1 0 4

+ +2 −
=

− VVV
⎛
⎝
⎛⎛
⎝⎝

⎞
⎠
⎞⎞
⎠⎠

=

− +V1VV0 1. .V1VV 0+V1VV1 4 744 142V2 .
 

…(ii)

  

I
V V

V V

10
1 2V VV V

1 2V VV

10
0

0

Ω = =

=V2VV
 

…(iii)

Solving Eqs  (i), (ii) and (iii),

  
V = 52 82. V82

 Example 2.71  Find V1 and V2 for the network shown in Fig. 2.106.

10 Ω

50 Ω

20 Ω

50 Ω

80 V

2 A

20 V

V2
V1

Va

Vb Vc
+ −V + −

V

Fig. 2.106

Solution  Assume that the currents are moving away from the nodes.
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Applying KCL at Node a,

V V V

V V

V V

a aV VV V bVV

a bV VV V

aVV

+
−

+

+⎛
⎝⎜
⎛⎛
⎝⎝

⎞
⎠⎟
⎞⎞
⎠⎠

=VbVV −

80

50 10
2 0=

1

50

1

10

1

10

80

50
2

0 12 0VVV 1.12 VVV bbVVVV = −0 4
  

…(i)

Applying KCL at Node b, 

  

V V V V V

V V V

b aV VV V b bV VV V cVV

bVVaVV cVV

+ +b −
=

− VVV
⎛
⎝
⎛⎛
⎝⎝

⎞
⎠
⎞⎞
⎠⎠

− =V

−

10 50 20
0

1

10

1

10

1

50

1

20

1

20
0

0....1 0 17 0 0. 5 0V V0 17 Va bV VV V.17 cVV−V0 17 bVV.0 17
 

…(ii) 

Node c is directly connected to a voltage source of 20 V. Hence, we can write voltage equation at Node c. 

   VcVV = 20  …(iii)

Solving Eqs  (i), (ii), and (iii),

                                         

V

V

aVV

bVV

=
=

3 08

7 69

V

V

V V V

V V V

a bVV VV

b cVV VV

1VV

2VV

3 08 7 69 4 61

7 69 20 12 31

VV = − =3 08 7 69 −
VbVV = 7 69

. .08 7

. .69 20 12

V

V

 Example 2.72  Find the voltage across the 100 W resistor for the network shown in Fig. 2.107.

50 Ω

20 Ω 20 Ω

20 Ω
50 Ω

50 Ω 100 Ω

12 V

0.6 A60 V

VC

VBVA

Fig. 2.107

Solution

Node A is directly connected to a voltage source of 20 V. Hence, we can write voltage equation at Node A.

VAV = 60
…(i)

Assume that the currents are moving away from the nodes.

Applying KCL at Node B,

         

V V V V V

V V V

B AV VV B CV VV V BVV

BVVAV CVV

+ + =B

− VV
⎛
⎝
⎛⎛
⎝⎝

⎞
⎠
⎞⎞
⎠⎠

− =VCVV

20 20 20
0 6

1

20

1

20

1

20

1

20

1

20
0..

.

6

0 0.0 05 0 1 0 0.0 05 05 6−0 0. 5 − 0 05V V0 15 VA BV VV.0 15 CVV  
…(ii)
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Applying KCL at Node C,

V V V V V V

V V

C AV VV C BV VV V C CV VV V

A BV VV

+ + + =C

− VV + + + +

50 20

12

50 100
0

1

50

1

20

1

50

1

20

1

50

1

10000

12

50

0 02 0 0 0 1 0 24

⎛
⎝
⎛⎛
⎝⎝

⎞
⎠⎟
⎞⎞
⎠⎠

=

−0 02 + =0 1

V

V 0 V05 V

CVV

A BV VV0 05 CVV.02 V 0 .0.1VCVV …(iii)

Solving Eqs  (i), (ii), and (iii),

VCVV =
Ω =

31 68

100 31 68

.

.

V

Voltages across the resistor V

EXAMPLES WITH DEPENDENT SOURCESEXAMPLES WITH DEPENDENT SOURCES

 Example 2.73  Find the voltage across the 5 W resistor in the network shown in Fig. 2.108.

5 Ω

10 Ω

20 Ω

10 Ω

2 A

50 V

I1V1

30I1
−
+

Fig. 2.108

Solution From Fig. 2.108,

I
V V

1
1 1V VV V50

20 10

50

30
=

+
=

−
…(i)

Assume that the currents are moving away from the node.

Applying KCL at Node 1,

2
5

30

10

50

30

1 1 1 1= +1 +
+

−V V1 1 I V1 1

2
5

30
50

30

10

50

30

2

1
1

1

1= +1

+
−⎛

⎝⎜
⎛⎛
⎝⎝

⎞
⎠⎟
⎞⎞
⎠⎠

+
−V1

V1
V1

V1

= +== +
−V V V1VV 1VV 1VV

5

2 5−V1VV 0

10

50

30
…(ii)

Solving Eq. (ii),

V1VV 20=
Ω =

V

Voltage across the 5 rΩ esistor 2= 0 V



2.56 Network Analysis and Synthesis

 Example 2.74  For the network shown in Fig. 2.109, fi nd the voltage Vx.

100 Ω 50 Ω

40 Ω

0.6 A

25 Iy

Iy

0.2 Vx

Vx

+
−

Fig. 2.109

Solution From Fig. 2.109,

I
V

y
xVV

=
100

…(i)

Assume that the currents are moving away from the node.

Applying KCL at Node x,

25 0 6
100 50

0 2

40

25
100

0 6
100 50

I
V V V V0 2

V V V

y
x xV VV V x xV VV V0 2

x x
0 6

V VV V
0 6

xVV

+ =0 6 + +x

⎛
⎝⎜
⎛⎛
⎝⎝

⎞
⎠⎟
⎞⎞
⎠⎠

+ =0 60 6 + ++
0 8

40

VxVV

1

4

1

100

1

50

0 8

40
0 6

0 2 0 6

3

− − −⎛
⎝⎜
⎛⎛
⎝⎝

⎞
⎠⎟
⎞⎞
⎠⎠

= −

= −
= −

.0.2

V

V

V

xVV

xVV

xVV V

 Example 2.75  For the network shown in Fig. 2.110, fi nd voltages V1 and V2.

20 Ω

5 Ω

20 V

2 Ω2 A

40 V

4 A

10 Ω

V1 V2

0.5 V1

+ −

Fig. 2.110

Solution  Assume that the currents are moving away from the nodes.

Applying KCL at Node 1,

2
20

20

0 5

5
1

20

1

5

0 5

5

1

5
3

0 15 0 2

1 1 1 2

1 2
5

1

= +
− 0 5

+ −⎛
⎝⎜
⎛⎛
⎝⎝

⎞
⎠⎟
⎞⎞
⎠⎠

=2

V V201 120 V V1 21

V V
1

1 22

V1 .0.15 VV2VV 3= …(i)
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Applying KCL at Node 2,

V V V V V

V V

2 1V VV V 1 2V VV V 2VV

1VV

0

5 2

40

10
4

0 5

5

1

5

1

5

1

2

1

10

−V1VV
+ +2 −

=

−⎛
⎝⎜
⎛⎛
⎝⎝

⎞
⎠⎟
⎞⎞
⎠⎠

⎛
⎝
⎛⎛
⎝⎝

⎞
⎠
⎞⎞
⎠⎠ 22VVVV

1 2

4
40

10

0 1 0 8 8

= +4

−0 1 =.1V V1 2V 0 8+111

…(ii)

Solving Eqs  (i) and (ii),

           

V

V

1VV

2VV

40

15

=

=

V

V

 Example 2.76  Determine the voltages V1 and V2 in the network of Fig. 2.111.

0.5 Ω 1 Ω

0.25 Ω

V1

V1

V2

2 V 1 Ω

Fig. 2.111

Solution Assume that the currents are moving away from the nodes.

Applying KCL at Node 1,

V V V V

V V

V V

1VV 1 1 2V VV V

1 2V VV

7 2V VV

2

0 5 0 25 1
0

1

0 5

1

0 25
1

2

0 5

7

−
+ + =

+ +⎛
⎝⎜
⎛⎛
⎝⎝

⎞
⎠⎟
⎞⎞
⎠⎠

=V2VV

=V2VV

. .5 0

. .5 0

44
…(i)

Applying KCL at Node 2,

V V V
V

V

V

2 1V VV V 2
1VV

2V

2VV

1 1
0

2 0V2VV

0

+ + =

=
…(ii)

From Eq. (i),

V1VV
4

7
= V



2.58 Network Analysis and Synthesis

 Example 2.77  In the network of Fig. 2.112, fi nd the node voltages V1, V2 and V3. 

1 Ω 1 Ω

2 Ω2 Ω2 Ω2 A

2 V

4 Vx

V1

− Vx +

V2 V3

+
−

Fig. 2.112

Solution From Fig. 2.112,

V V VxVV V2 1V VV−VV …(i)

Assume that the currents are moving away from the nodes.

Applying KCL at Node 1,

       

2
2 1

1

2
1 2

1 5 2

1 1 2

1 2

1 2

= +1 −

+⎛
⎝⎜
⎛⎛
⎝⎝

⎞
⎠⎠⎠

=2

V V1 1 V2

V1 2

V V1 22 …(ii)

Applying KCL at Node 2,

  

V V V V V

V V

V V V

2 1V VV V 2 2V VV V 3VV

1 2V VV 3V

1 2V VV V 3VV

1 2 1
0

1
1

2
1 0V V2VV 3VV

2 5 0

+ +2 −
=

−VVV
⎛
⎝
⎛⎛
⎝⎝

⎞
⎠⎠⎠

V3VV

−VVV − =V3VV  
…(iii)

At Node 3,

V V

V

V V V

xV3VV

3VV

1 2V VV 3VV

4 2VxVV

4 2

4 4VVV 2

V

+V2VV =

( )V2V 1VVV V2VV 1VV2VV

…(iv)

Solving Eqs  (ii), (iii) and (iv),

V

V

V

1VV

2VV

3VV

1 33

4

8 67

= −

= −

= −

V

V

V
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 Example 2.78  For the network shown in Fig. 2.113, fi nd the node voltages V1 and V2.

0.5 Ω

1 Ω 0.25 Ω1 A

3 A

2 A 2 Ix

Ix

3V2

V2V1

Fig. 2.113

Solution From Fig. 2.113,  

              
I

V V
x = 1 2V VV V

0 5  
…(i)

Assume that the currents are moving away from the nodes.

Applying KCL at Node 1,

  

3 1
1 0 5

3

1
1

0 5
3

0 5
2

3 5

2
1 1 2

1 2
0 5

1

V2

V V1 1 V2

V V31 23

V V51

=1 +
−

+

+⎛
⎝⎜
⎛⎛
⎝⎝

⎞
⎠⎟
⎞⎞
⎠⎠

33
1⎛

⎝
⎛⎛
⎝⎝

⎞
⎠
⎞⎞
⎠⎠

= −

.

.0.5⎠ ⎝

22VVVV 2= −  
…(ii)

Applying KCL at Node 2,

  

3 2
0 5 0 25

2

5
0 5 0 25

2
0 5

2 1 2

2 1 2 1
2

2

=2 + +2

= + +2 −⎛
⎝⎜
⎛⎛
⎝⎝

⎞
⎠⎟
⎞⎞
⎠⎠

V V2 1 V2
I

V V2 1 V V2 1
2

⎛ V2

x
. .5 0

. .5 0

− +⎛
⎝⎜
⎛⎛
⎝⎝

⎞
⎠⎟
⎞⎞
⎠⎠

⎛
⎝
⎛⎛
⎝⎝

⎞
⎠
⎞⎞
⎠⎠

=

=

1

0 5

2

0 5

1

0 5

1

0 25

2

0 5
5

2 2 5

1 2⎝⎝⎝ ⎠⎠⎠0 5 0 25 0 5

1 2

. .5 0 . .5 0
V V+ +⎛⎛⎛ ⎞⎞⎞1 1 2

1 2++ −
⎝⎝⎝

⎞
⎠⎟
⎞⎞
⎠⎠

V V2+1 22+ …(iii)

Solving Eqs  (ii) and (iii),

V

V

1VV

2VV

1 31

1 19

=
= .

V

V
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 Example 2.79  Find voltages V1 and V2 in the network shown in Fig. 2.114.

1 Ω 1 Ω

2 Ω

5 A 2I1

V1

V1

V2
I1

Fig. 2.114

Solution From Fig. 2.114,

              
I

V V
1

1 2V VV V

2
= …(i)

Assume that the currents are moving away from the nodes.

Applying KCL at Node 1,

       

5
1 2

1
1

2
1

1

2
5

2 5 0 5 5

1 1 2
1

1 2
2

= +1 −
+

+ +⎛
⎝⎜
⎛⎛
⎝⎝

⎞
⎠⎟
⎞⎞
⎠⎠

=2

=2

V V1 1 V2
V1

V V
1

1 22

V V0 51 0 5 20 5
…(ii)

Applying KCL at Node 2,

                 

V V V
I V

V V V
V V

V

2 1V VV V 2VV
1 1I VI V

2 1V VV V 2VV
1 2V VV V

1VV

1 1
2

2
2

+ =2

+V1VV = ⎛
⎝⎜
⎛⎛
⎝⎝

⎞
⎠⎟
⎞⎞
⎠⎠

+
 

                 

3 31 2

1 2

V V31 23

V V1 2  …(iii)

Solving Eqs  (ii) and (iii),

                     

V

V

1VV

2

2 5

2 5

=
=

V

V

  Example 2.80  Find the power supplied by the 10 V source in the network shown in Fig. 2.115.

2 Ω

4 Ω

2 Ω

V1

4V3

V2

V3

10 A

10 V

1 Ω

+ −V3

Fig. 2.115
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Solution Assume that the currents are moving away from the nodes.

From Fig. 2.115,

V V V3 1V VV V 2VV10+V1VV − …(i)

Applying KCL at Node 1,

10
2

10

4 2
0

1

2

1

4

1

2

1

4

1

2
1

1 1 2 1 2

1 2
4 2

+ +1 + −10
+

−
=

+ +⎛
⎝⎜
⎛⎛
⎝⎝

⎞
⎠⎟
⎞⎞
⎠⎠

⎛
⎝
⎛⎛
⎝⎝

⎞
⎠
⎞⎞
⎠⎠

= −

V V1 1 V V2 1 V2

V2

1 1
V1 +⎛⎛⎛ ⎞⎞⎞

00
10

4

1 25 0 12 5

−

=2 −V0 750 75 20 75
…(ii)

Applying KCL at Node 2,

       

V V V V V
V

V V V V V

2 1V VV V 2 1V VV V 2VV
3VV

2 1V VV V 2 1V VV V 2VV

10

4 2 1
4

10

4 2 1
4

+ + =2

+ + =2
( )V V1 2V VV V1VVV 0

− − −⎛
⎝⎜
⎛⎛
⎝⎝

⎞
⎠⎟
⎞⎞
⎠⎠

⎛
⎝
⎛⎛
⎝⎝

⎞
⎠
⎞⎞
⎠⎠

= +

− =

1

4

1

2
4

1

4

1

2
1 4

10

4
40

4 75 5 42

1 2⎝⎝⎝ ⎠⎠⎠4 2

1 2

V + + +⎛⎛⎛
V

⎞⎞⎞1 1
1 4+1 2++ +

⎝⎝⎝
⎞
⎠⎟
⎞⎞
⎠⎠

1 4+

V V5+ 751 25+ 75.75 1 5+ ..5 …(iii)

Solving Eqs  (ii) and (iii),

V

V

I
V V

1VV

2VV

10
1 2V VV V

11 03

1 72

10

4

11 1

4
0 173

= −
= −

= =
−11 −

=

.

. (03 10+03 − . )72
.

V

V

V AA

Power supplied by the 10 V source = 10 × 0.173 = 1.73 W

  Example 2.81  For the network shown in Fig. 2.116, fi nd voltages V1 and V2.

20 Ω 40 Ω

40 Ω100 Ω0.4 A 80 Iy

Iy
Vx

0.03 Vx

V1
V2 V3

+
−

+ −V

Fig. 2.116

Solution From Fig. 2.116, 

…(i)
V V V

I
V

xVV

y

V

=

1 2VV VV−VV

2VV

40  
…(ii)
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Assume that the currents are moving away from the nodes.

Applying KCL at Node 1,

                              

0 4
100 20

0 03

0 4
100 20

0 03

1 1 2

1 1 2

. .4 0

. .4 0 ( )1 2

= +1 −
+

= +1 −
+ 0 030 (

V V1 1 V2
V

V V1 1 V2
1 21

xVV

   

1

100

1

20
0 03

1

20
0 03 0 4

0 09 0 08 0

2
20

1

1 2

+ +⎛
⎝⎜
⎛⎛
⎝⎝

⎞
⎠⎟
⎞⎞
⎠⎠

⎛
⎝
⎛⎛
⎝⎝

⎞
⎠⎠⎠

=2

.03
⎠⎠⎠

.

.09 .

2V
1

0 030 031 +⎛⎛⎛
01

V V0 081 20 080 08 20 081 0 44
 

…(iii)

Applying KCL at Node 2,

  

V V V V V

V V V

2 1V VV V 2 2V VV V 3VV

1 2V VV V 3VV

20 40 40
0

1

20

1

20

1

40

1

40

1

40
0

0

+ +2 −
=

− VVV
⎛
⎝
⎛⎛
⎝⎝

⎞
⎠
⎞⎞
⎠⎠

− =V3VV

− .. .05 0 1 0 025 01 2 3V V0 11 20. V3−2V0 1 20 1. =  
…(iv)

For Node 3,

            

V I
V

V

V

y3VV
2VV

2VV

2 3V V

80 80
40

2

2 0V V3V VV V

=I
⎛
⎝⎜
⎛⎛
⎝⎝

⎞
⎠⎟
⎞⎞
⎠⎠

=

V3VV
 

…(v)

Solving Eqs  (iii), (iv) and (v),

V

V

V

1VV

2VV

3VV

40

40

80

=
=
=

V

V

V

  Example 2.82  Find voltages Va , Vb and Vc in the network shown in Fig. 2.117.

1 Ω4 A

2 V 3 Ω2 Ω

2 Ω

5 Ω

I1

Va
Vb

Vc

2I1

Fig. 2.117

Solution From Fig. 2.117,

       
I

V Va cV VV V
1

2
=

Assume that the currents are moving away from the nodes.
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Applying KCL at Node a,

          

4
1 2

2

2

1
1

2

1

2

1

2

1

2
5

2 0

= +
−

+
− −2

+ +⎛
⎝⎜
⎛⎛
⎝⎝

⎞
⎠⎟
⎞⎞
⎠⎠

=

V V V V V

V V
1

V

V 0

a a+
V VV V c a+

V VV V bVV

a b c
2 2

−V VV V− VV

a bV VV V00. 0−V5 bVV5VV55 0 500 5VcVV = …(i)

Applying KCL at Node b,

          

V V V V
I

V V V V V V

b aV VV V b cV VV V

b aV VV V b cV VV V a cV VV V

+ =

+ = ⎛
⎝⎜
⎛⎛
⎝⎝

⎞
⎠⎟
⎞⎞
⎠⎠

2

2 3
2

2

2 3
2

2

1

 

V V V V
V V

V V

b aV VV V b cV VV V
a cV VV V

a bV VV V

+ = V

− −⎛
⎝⎜
⎛⎛
⎝⎝

⎞
⎠⎟
⎞⎞
⎠⎠

⎛
⎝
⎛⎛
⎝⎝

⎞
⎠
⎞⎞
⎠⎠

+ −⎛
⎝
⎛⎛
⎝⎝

⎞
⎠

2

2 3

1

2
1

1

2

1

3
1

1

3
⎟⎟
⎞⎞⎞⎞
⎠⎠⎠⎠

= −

− = −

V

V + V

cVV

a bV VV V+ cVV

1

1 5 0 83 0+VbVV 67 1. VVV +5 .
…(ii)

Applying KCL at Node c,

          

V V V
I

V V V V V

c bV VV V cVV

c bV VV V c aV VV V cVV

+ =c

+ =c −
3 5

3 5 2

1

− + + +⎛
⎝
⎛⎛
⎝⎝

⎞
⎠⎟
⎞⎞
⎠⎠

=

− =

1

2

1

3

1

3

1

5

1

2
0

0 5 0 33 1+ 033 0

V V
1

V

V 0 33 V

a b
3

V VV V− cVV

a bV VV V− 0 33 cVV.5VVV 0 . …(iii)

Solving Eqs  (i), (ii), and (iii),

                    

V

V

V

aVV

b

c

=
=

=

4 303

3 88

3 33

. V

V

V

2.6    SUPERNODE ANALYSIS

Nodes that are connected to each other by voltage sources, but not to the reference node by a path of voltage 

sources, form a supernode. A supernode requires one node voltage equation, that is, a KCL equation. The 

remaining node voltage equations are KVL equations.
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Example 2.83  Determine the current in the 5 W resistor for the network shown in Fig. 2.118.

3 Ω 1 Ω 2 Ω
5 Ω

2 Ω

10 A

V1 V2 V3

10 V

20 V

Fig. 2.118

Solution Assume that the currents are moving away from the nodes.

Applying KCL at Node 1,

 

10
3 2

1

3

1

2

1

2
10

0 83 0 5 10

1 1 2

1 2
2

1 2

= +1 −

+⎛
⎝⎜
⎛⎛
⎝⎝

⎞
⎠⎟
⎞⎞
⎠⎠

=2

V V1 1 V2

V V
1

1 22

V 0 51 20 50 50 5.83 1 0

 
…(i)

Nodes 2 and 3 will form a supernode.

Writing voltage equation for the supernode,

 
V V2 3V VV V 20=V3VV

 
…(ii)

Applying KCL at the supernode,

 

V V V V V

V V V

2 1V VV V 2 3V VV V 3VV

1 2V VV V 3VV

2 1

10

5 2
0

1

2

1

2
1

1

5

1

2
2

+ +2 −
+ =3

− VVV
⎛
⎝
⎛⎛
⎝⎝

⎞
⎠
⎞⎞
⎠⎠

++ ⎛
⎝
⎛⎛
⎝⎝

⎞
⎠⎟
⎞⎞
⎠⎠

=

−0 500 1 5 0 7 21 2 3.5V V1 51 2511 1 V3+2V1 5 21 51 =

 
…(iii)

Solving Eqs  (i), (ii) and (iii),

 

V

V

V

1VV

2VV

3VV

19 04

11 6

8 4

=
=
= −

.

.

V

V

V

 
I

V
5

3VV 10

5

8 4 10

5
3Ω =

−
=

− −8 4
= − . A68
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  Example 2.84  Find the power delivered by the 5 A current source in the network shown in Fig. 2.119.

3 Ω

1 Ω

5 Ω

2 Ω

2 A

10 V

5 A

V2V1

V3

Fig. 2.119

Solution Assume that the currents are moving away from the nodes.

Nodes 1 and 2 will form a supernode.

Writing voltage equation for the supernode,

V V1 2V VV 10=V2VV …(i)

Applying KCL at the supernode,

2
3 5 1

5

1

3

1

5
1

1

3
1 3

0 33

1 3 2 2 3

1 2
5

3

+ + +2 −
=

⎛
⎝
⎛⎛
⎝⎝

⎞
⎠
⎞⎞
⎠⎠

+− ⎛
⎝
⎛⎛
⎝⎝

⎞
⎠⎠⎠

V V1 3 V V2 2 V3

V V
1

11 21++ ⎛⎛⎛ ⎞⎞⎞
V3

V1 211VVVV 31 2 1 33 33+1 2 V2V 31 33 3−2 .2 12 …(ii)

Applying KCL at Node 3,

       

V V V V V

V V V

V

3 1V VV V 3 2V VV V 3VV

1 2V VV V 3VV

1 2V VV

3 1 2
0

1

3

1

3
1

1

2
0

0 33 1V V2V VV V

+ + =3

− VVV ++ +⎛
⎝
⎛⎛
⎝⎝

⎞
⎠⎟
⎞⎞
⎠⎠

=

−0 33VVV. .33 1V 2V VV 8388 03V3 =  
…(iii)

Solving Eqs  (i), (ii) and (iii),

               

V

V

V

1VV

2VV

3VV

13 72

3 72

4 51

=

=

=

. V

V

V

Power delivered by the 5 A source = 5 V2 = 5 × 3.72 = 18.6 W



2.66 Network Analysis and Synthesis

  Example 2.85  In the network of Fig. 2.120, fi nd the node voltages V1, V2 and V3.

1 Ω0.2 Ω

0.5 Ω

0.33 Ω

4 A

V1

V2
V3

5 V

Fig. 2.120

Solution Assume that the currents are moving away from the nodes.

Applying KCL at Node 1,

4
0 33 0 5

1

0 33

1

0 5

1

0 33

1

0 5
4

5 0

1 2 1 3

1 2
0 33

3

= +

+⎛
⎝⎜
⎛⎛
⎝⎝

⎞
⎠⎟
⎞⎞
⎠⎠

−2 =

V V1 2 V V1 3

V V
1

1 22 V3

. .33 0

. .33 0 . .33 0

. 303 333 03 2 41 2 3V V3 031 23 03 V3−223 03 …(i)

Nodes 2 and 3 will form a supernode.

Writing voltage equation for the supernode,

V V3 2V VV 5=V2VV
 

…(ii)

Applying KCL at the supernode,

V V V V V V

V

2 1V VV V 2 3V VV V 3 1V VV V

1VV

0 33 0 2 1 0 5
0

1

0 33

1

0 5

1

0 33

1

0

+ +2 + =

− −⎛
⎝⎜
⎛⎛
⎝⎝

⎞
⎠⎟
⎞⎞
⎠⎠

++

. .33 0

. .33 0 ..2
1

1

0 5.
0

5 0. 3 8 03 3 0

2 3
0 5

1 2 3

⎛
⎝
⎛⎛
⎝⎝

⎞
⎠⎟
⎞⎞
⎠⎠

⎛
⎝
⎛⎛
⎝⎝

⎞
⎠
⎞⎞
⎠⎠

=

−5 0. 3 + 3

V31
1

V2 +11+ ⎛⎛⎛ ⎞⎞⎞

V V8 031 2.8 03 V3  
…(iii)

Solving Eqs  (i), (ii) and (iii),

V

V

V

1VV

2VV

3VV

2 62

0 17

4 83

=
= −
=

V

V

V

EXAMPLES WITH DEPENDENT SOURCESEXAMPLES WITH DEPENDENT SOURCES

  Example 2.86  For the network shown in Fig. 2.121, determine the voltage Vx.

3 Ω 4 Ω

11 Ω

7 Ω

10 Ω

2 A

6 V

8 V

5 V

12 A

V1 V2

Vx

2 Vx

V3

++
−

+ −Vx

Fig. 2.121
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Solution From Fig. 2.121,

                
V V VxVV V2 3V VV−VV

Assume that the currents are moving away from the nodes.

Node 1 and 2 will form a supernode.

Writing voltage equations for the supernode,

                   
V V1 2V VV 6=V2VV

 
…(i)

Applying KCL at the supernode,

                               

2
4

2

10

8

7 11

2
4

2

10

1 2 2 38 2 3

1 2 2

= +
−

+
8

+

= +
− 2

+
−

V V51 25+ V V2 V V3 2 V3

V V51 25+ V2

xVV

( )2 3V V2 32 88

7 11

3 2 3−
+

−V V3 2 V3

1

4

1

10

1

5

1

7

1

11

1

5

1

7

1

11
2

5

4

8

7

0 25

1 2
10 5 7 11

3

1

V2

1 1 1 1
V1 V3

V1

⎛
⎝
⎛⎛
⎝⎝

⎞
⎠
⎞⎞
⎠⎠

+ − −⎛
⎝
⎛⎛
⎝⎝

⎞
⎠⎟
⎞⎞
⎠⎠

= −2 +

+++ =0 133 0 033 1 892 3.133V − 0 V0332 3− 0 0332 0 …(ii)

Applying KCL at Node 3,

                  

V V V V

V V

3 2V VV V 3 2V VV V

2 3V VV V

11

8

7
12 0

1

11

1

7

1

11

1

7
12

8

7

+ + =12

− −⎛
⎝⎜
⎛⎛
⎝⎝

⎞
⎠⎟
⎞⎞
⎠⎠

⎛
⎝
⎛⎛
⎝⎝

⎞
⎠
⎞⎞
⎠⎠

= − −

−−− = −0 233 0 233 13 142 3. 33 .V + V0 2332 3+ 0 2332 + 0 …(iii)

Solving Eqs  (i), (ii) and (iii),

        

V

V

V

1VV

2VV

3VV

1 8

4 2

60 6

=
= −
= −

.

.

V

V

V

  Example 2.87  Find the node voltages in the network shown in Fig. 2.122.

6 Ω

5 Ω

10 Ω 20 Ω 15 Ω

2 Ω

6 A
40 V

− +
5ix

ixV1 V2 V3
V4

Fig. 2.122

Solution From Fig. 2.122,

I
V V

x = 2 1V VV V

5  
…(i)

For Node 4,

  V4VV 40=  
…(ii)
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Applying KCL at Node 1,

  

6
10 5 6

0

6
10 5

40

6
0

1 1 2 1 4

1 1 2 1

+ +1 −
+

−
=

+ +1 −
+

−
=

V V1 1 V V2 1 V4

V V1 1 V V2 1

           

1

10

1

5

1

6

1

5

40

6
6

7

15

1

5

2

3

1 2
5

1 2
5

+ +⎛
⎝⎜
⎛⎛
⎝⎝

⎞
⎠⎟
⎞⎞
⎠⎠

=2 −

=2

V V
1

1 22

V V
1

1 22

 
…(iii)

Nodes 2 and 3 will form a supernode,

Writing voltage equation for the supernode,

                                       
V V

V V
V Vx3 2V VV

2 1V VV V
2 1V VV5 5I x

5
=V2VV

⎛
⎝⎜
⎛⎛
⎝⎝

⎞
⎠⎟
⎞⎞
⎠⎠

= VVV

               V V1 2V VV 3V2 0V V2V 3VVV2VV  
…(iv)

Applying KCL to the supernode,

            

V V V V V V

V V V V V

2 1V VV V 2 3V VV V 3 4V VV V

2 1V VV V 2 3V VV V 3VV
5 20 15 2

0

5 20 15

40

2
0

+ +2 + =

+ +2 +
−

=

  

− ⎛
⎝
⎛⎛
⎝⎝

⎞
⎠
⎞⎞
⎠⎠

++ ⎛
⎝
⎛⎛
⎝⎝

⎞
⎠⎟
⎞⎞
⎠⎠

=

− + =

1

5

1

5

1

20

1

15

1

2
20

1

5

1

4

17

30
20

1 2⎝⎝⎝ ⎠⎠⎠5 20
3

1 2
4

3

V V+ +⎛⎛⎛ ⎞⎞⎞1 1
1 2+ +⎛

⎝⎜
⎛⎛
⎝⎝

⎞
⎠⎟
⎞⎞
⎠⎠

V3

V V+
1

1 2+ V3

 
…(v)

Solving Eqs  (iii), (iv) and (v),

                     

V

V

1VV

2VV

10

20

=
=

V

V

                     

V

V

3VV

4VV

30

40

=
=

V

V

  Example 2.88  Find the node voltages in the network shown in Fig. 2.123.

2 Ω

1 Ω2.5 Ω

0.5 Ω

12 V

14 A

V2

V1 V3

V4

+++

Vy

Vx

0.5 Vx

0.5 Vy

−

+

+

−
−

Fig. 2.123



Exercises 2.69

Find 2.1 Ix and Vx in the network shown in Fig. 2.124.

10 V

1 A

4 A

3 A

2 A

Vx

Ix

+

−
5 Ω

a b
10 V

cd

Fig. 2.124

 [ , ]V, 1, − 5

Find 2.2 V1 and V2 in the network shown in 

Fig. 2.125.

9 V

12 1V 0 V

3 V

18 V

V2

V1

+

−

Fig. 2.125

  [ , ], V,5,

Solution Selecting the central node as reference node,

V1VV 12= − V
 …(i)

Applying KCL at Node 2,

V V V V

V V V

V V

2 1V VV V 2 3V VV V

1 2V VV V 3VV

1VV

0 5 2
14

1

0 5

1

0 5

1

2

1

2
14

2 2V

+ =

− VVV
⎛
⎝
⎛⎛
⎝⎝

⎞
⎠
⎞⎞
⎠⎠

− =V3VV

−2 VVV

.0.5 ⎝

2 322VVVV 0 5 14=30 5 3V3 …(ii)

Nodes 3 and 4 will form a supernode,

Writing voltage equation for the supernode,

   

V V V

V V V

yVV3 4V VV V

1 3V VV 4VV

0 2 0 2

0 2 1 2 0

=V4VV

−V3VV =

. VVV2 ( )V V4 1VV VVV4VV

. .V 3V VV2 13VV
 

…(iii)

Applying KCL to the supernode,

V V
V

V V V

V V
V V V

V V

xV
3 2V VV V 4 4V VV V 1VV

3 2V VV V
2 1V VV V 4VV

4 1V VV V

2
0 5

1 2 5
0

2
0

2 5
0

− +VxVV0 5 +
−

=

VVV− 0 + +V4VV =

.

. (5(55 )

0 5
1

2 5

1

2
0

1

2
1

1

2 5
0

0 1

1 2
2

3 4
2 5

−⎛
⎝⎜
⎛⎛
⎝⎝

⎞
⎠⎟
⎞⎞
⎠⎠

⎛
⎝
⎛⎛
⎝⎝

⎞
⎠
⎞⎞
⎠⎠

+ ⎛
⎝⎝⎝
⎛⎛ ⎞

⎠
⎞⎞
⎠⎠

=V2

1
0 50 5+V1

⎛⎛⎛ ⎞⎞⎞
V41

1
1+⎛

V3 +3
⎛⎛ ⎞⎞⎞

V1 211VVVV 3 30 1 4 0=3+1 4V V2 V30 5+2 3V33V35
 

…(iv)

Solving Eqs (i), (ii), (iii) and (iv),

V

V

V

V

1VV

2VV

3VV

4VV

12

4

0

2

= −
= −
=
= −

V

 V

 V

Exercises

KIRCHHOFF’S LAWS
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Find the values of unknown currents in the 2.3 

network shown in Fig. 2.126.

5 A

10 A
7 A 1 A

6 A

12 A

8 A

I1 I2 I4

I3

Fig. 2.126

[ , , ]I2, 3 4,4 0A2I2I, I2I A A1I4I, 0I4I

Find the current in the branch 2.4 XY as shown in 

Fig. 2.127.

0.05 Ω

0.05 Ω 0.05 Ω
0.1 Ω

0.1 Ω

40 A

70 A50 A

160 A X

Y

Fig. 2.127

[ ]

Find 2.5 I and VAB for the network as shown in 

Fig. 2.128.

5 Ω

4 Ω

2 Ω 3 Ω
1 A 6 A

12 V
1 A

B

A

I

+
−

Fig. 2.128

  [ , ]V, 1, 9

In the network shown in Fig. 2.129, fi nd the 2.6 

voltage between points A and B.

5 Ω

3 Ω

2 Ω 6 Ω 5 Ω

3 Ω

2 Ω

6 V

30 V

A

2 A

B B2 Ω

Fig. 2.129

 [ ]

In the network shown in Fig. 2.130, fi nd the 2.7 

voltage between points A and B.

10 Ω

15 Ω 4 Ω

6 Ω

4 Ω

10 Ω

5 Ω

30 V

20 V5 V
A

B

Fig. 2.130

[ ]

MESH ANALYSIS

Find the current through the 10 2.8 Ω resistor in 

the network shown in Fig. 2.131.

4 Ω 15 Ω

6 Ω 10 Ω 5 Ω

20 V5 V

2 V

Fig. 2.131

[ .6. 8 A]

Find the current through the 20 2.9 Ω resistor in 

the network shown in Fig. 2.132.

15 Ω 60 V

20 V 20 Ω 15 Ω

10 Ω 5 Ω

5 Ω40 V

Fig. 2.132

[ .4. 6 A]

Find the current through the 10 2.10 Ω resistor in 

the network shown in Fig. 2.133.

10 Ω 30 Ω

20 Ω 100 V5 Ω10 A

Fig. 2.133

[ .3. 7 A]



Exercises 2.71

Find the current through the 1 2.11 Ω resistor in the 

network shown in Fig. 2.134.

1 Ω

2 Ω
3 Ω 1 A 2 Ω

10 V

Fig. 2.134

[ .9. 5 A]

Find the current through the 4 2.12 Ω resistor in the 

network shown in Fig. 2.135.

6 V

2 Ω 2 A 4 Ω5 A

Fig. 2.135

[ .3. 3 A]

Find currents 2.13 Ix and Iy in the network shown 

in Fig. 2.136.

2IY

2Ix

10IY

Ix Iy

I1 I2

I3

2 Ω

5 Ω 2 Ω

2 Ω

4Ix

5 V

+ − + −

+
−

Fig. 2.136

 [ . , .5. .A A, 0 1. ]

In the network shown in Fig. 2.137, fi nd 2.14 V3 if 

element A is a

 (i) short circuit

 (ii) 5 Ω resistor

 (iii) 20 V independent voltage source, positive 

reference on the right

 (iv) dependent voltage source of 1.5 i1, with 

positive reference on the right

 (v) dependent current source 5 i1, arrow 

directed to the right

10 Ω

30 Ω

20 Ω

40 Ω

30 Ω

80 V

i1

V3

A

+

−

Fig. 2.137

[ . ,4 97 39V, V, V, V V, .9, 7 3. 9 ]

Find currents 2.15 I1, I2, and I3 in the network 

shown in Fig. 2.138.

2 Ω

1 Ω

3 Ω

2 Ω

1 Ω I2

I3

I1

1

9
Vx

Vx+ −Vx
15 A

Fig. 2.138

[ , A, 11 , 17 A]

Find currents 2.16 Ix in the network shown in Fig. 

2.139.

5 Ω

25 Ω20 Ω

10 Ω
2 A 5 A1.5 Ix

Ix

Fig. 2.139

[ .3. 3 A]

Find currents 2.17 I1 in the network shown in Fig. 

2.140.

5 Ω 2 Ω 4 Ω19 V

25 V30 V

I1

1.5I14 A

Fig. 2.140

[−12 A]
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Find the current 2.18 Ix in the network shown in 

Fig. 2.141.

20 Ω

5 Ω 20 Ω

36 V2 A24 V

Ix

Fig. 2.141

[ . ]9. 3 A

Find 2.19 VA and VB in the network shown in 

Fig. 2.142.

2 Ω

2 Ω1 Ω

2 Ω2 12 ΩA A

1 V

2 V

VBVA

Fig. 2.142

[ . , ]8. 8 3 25V V, .3, 25

Find the current through the 6 2.20 Ω resistor in the 

network shown in Fig. 2.143.

10 Ω 5 Ω4 A 310 Ω 5 Ω A

10 V

6 Ω

2 Ω

Fig. 2.143

[ . ]0. 4 A

Calculate the current through the 10 2.21 Ω resistor 

in the network shown in Fig. 2.144.

10 Ω

7 Ω

4 Ω 2 Ω

3 Ω2 Ω

25 V 12 V
+
−

−
+

Fig. 2.144

[ . ]6. 2 A

Find the current through the branch 2.22 ab in the 

network shown in Fig. 2.145.

10 Ω

2 Ω

2 Ω

1 Ω

1 Ω

10 Ω

10 V

a

b

Fig. 2.145

[ . ]038 A

Find the current through the 4 2.23 Ω resistor in the 

network shown in Fig. 2.146.

2 Ω

2 Ω

4 Ω

2 Ω

2 Ω2 Ω

6 V

10 V

5 A

Fig. 2.146

[ . ]3. 4 A

Find the current through the2.24  4 Ω resistor in the

network shown in Fig. 2.147.

2 Ω

2 Ω

6 V 2 V

3 Ω

2 Ω

4 Ω

2 A

3 A

Fig. 2.147

[1 A]

Find the voltage 2.25 Vx in the network shown in 

Fig. 2.148.
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Vx

I1

4I1

2 Ω

1 Ω

1 Ω

8 V4 V

+

−

Fig. 2.148

[ .3. 1 V]

Find the currents 2.26 Vx in the network shown in 

Fig. 2.149.

Vx

4Vx

3V1

5 Ω

6 Ω4 Ω7 A

+ −Vx

Fig. 2.149

[ .0. 9 V]

Find the voltage 2.27 Vx in the network shown in 

Fig. 2.150.

Vx

3I

1 Ω 0.5 Ω

Ω

0.5 Ω
1 V

1

3

Fig. 2.150

[ .2. V]

Determine 2.28 V1 in the network shown in 

Fig. 2.151.

50 Ω

20 Ω 20 Ω

+
V1

−
0.4V1 0.01V15 A

++
−

Fig. 2.151

[140 V]

Find the voltage 2.29 Vy in the network shown in 

Fig. 2.152.

Vy

0.5Vy

15 Ω 3 20 Ω4 A 63 Ω A

+ − +

−

Fig. 2.152

[−10 V]

Find the voltage 2.30 V2 in the network shown in 

Fig. 2.153.

5 Ω

2 Ω

2.5 Ω
+

V2

−

0.8V2

5 A

8 A

+ −

Fig. 2.153

[ .9 V]

Objective–Type Questions

Two electrical sub-networks 2.1 N1 and N2 are 

connected through three resistors as shown 

in Fig. 2.154. The voltages across the 5 Ω
resistor and 1 Ω resistor are given to be 10 V 

and 5 V respectively. Then the voltage across 

the 15 Ω resistor is 

(a) −105 V (b) 105 V 

(c) −15 V (d) 15 V

5 Ω

15 Ω
1 Ω

10 V

5 V

N1 N2

+ −5 Ω

+ −

Fig. 2.154
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The nodal method of circuit analysis is based 2.2 

on

KVL and Ohm’s law(a) 

(b) KCL and Ohm’s law

(c) KCL and KVL

(d) KCL, KVL and Ohm’s law

The voltage across terminals 2.3 a and b in 

Fig. 2.155 is

2 Ω 1 Ω

2 Ω
+
−1 V

3 A

a

b

Fig. 2.155

0.5 V (b) 3 V(a) 

(c) 3.5 V (d) 4 V

The voltage 2.4 V0 in Fig. 2.156 is

2 Ω

10 Ω 12 Ω
6 Ω

+
V0

−
8 A

16 V

Fig. 2.156

48 V (b) 24 V(a) 

(c) 36 V (d) 28 V

The dependent current source shown in 2.5 

Fig. 2.157.

5 Ω

5 Ω

V1V1 = 20 V

5

Fig. 2.157

delivers 80 W(a) 

(b) absorbs 80 W

(c) delivers 40 W

(d) absorbs 40 W

If 2.6 V = 4 in Fig. 2.158, the value of Is is given 

by

IS

V4 Ω

1 Ω

2 Ω 2 Ω

Fig. 2.158

6 A (b) 2.5 A(a) 

(c) 12 A (d) none of these

The value of 2.7 Vx,Vy and Vz in Fig. 2.159 

shown are

+
8 V

−

+
2 V

−

+ Vx − + Vy − + Vz −

+
2 V

−

+
1 V

−

Fig. 2.159

 (a) −6, 3, −3 (b) −6, −3, 1

(c) 6, 3, 3 (d) 6, 1, 3

The circuit shown in Fig. 2.160 is equivalent 2.8 

to a load of

2 Ω

4 Ω

I

2I
+
−

Fig. 2.160

4

3
Ω(a)  (b) 

8

3
Ω

4 Ω(b)  (d) 2 Ω

In the network shown in Fig. 2.161, the effective 2.9 

resistance faced by the voltage source is

4 Ω

V

4

i

i

Fig. 2.161
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Answers to Objective-Type Questions

2.1. (a) 2.2. (b)  2.3. (c)  2.4. (d)  2.5. (a)  2.6. (d)  2.7. (a)

2.8. (a) 2.9. (d) 2.10. (b) 2.11. (b) 2.12. (b) 2.13. (c) 2.14. (b)

(a) 4 Ω  (b) 3 Ω

(c) 2 Ω  (d) 1 Ω

A network contains only an independent 2.10 

current source and resistors. If the values of 

all resistors are doubled, the value of the node 

voltages will

(a) become half 

(b) remain unchanged 

(c) become double 

(d) none of these



 3.1   INTRODUCTION

In Chapter 2, we have studied elementary network theorems like Kirchhoff’s laws, mesh analysis and node 

analysis. There are some other methods also to analyse circuits. In this chapter, we will study superposition 

theorem, Thevenin’s theorem, Norton’s theorem, maximum power transfer theorem, reciprocity theorem, 

Millman’s theorem, Tellegen’s theorem, substitution theorem and compensation theorem. We can fi nd 

currents and voltages in various parts of the circuits with these methods.

 3.2    SUPERPOSITION THEOREM

It states that ‘in a linear network containing more than one independent source and dependent source, 

the resultant current in any element is the algebraic sum of the currents that would be produced by each 

independent source acting alone, all the other independent sources being represented meanwhile by their 

respective internal resistances.’

The independent voltage sources are represented by their internal resistances if given or simply with zero 

resistances, i.e., short circuits if internal resistances are not mentioned. The independent current sources are 

represented by infi nite resistances, i.e., open circuits.

The dependent sources are not sources but dissipative components—hence they are active at all times. A 

dependent source has zero value only when its control voltage or current is zero.

A linear network is one whose parameters are constant, i.e., they do not change with voltage and current.

Explanation Consider the network shown in Fig. 3.1. Suppose we have to fi nd current I
4
 through 

resistor R
4
.

R1 R3

R2 R4V I

Fig. 3.1 Network to illustrate superposition theorem

3
Network Theorems

(Application to dc 

Networks)



3.2 Network Analysis and Synthesis

The current fl owing through resistor R
4
 due to 

constant voltage source V is found to be say I
4
Ä (with 

proper direction), representing constant current source 

with infi nite resistance, i.e., open circuit.

The current fl owing through resistor R
4
 due to 

constant current source I is found to be say I
4
″ (with 

proper direction), representing the constant voltage 

source with zero resistance or short circuit.

The resultant current I
4
 through resistor R

4
 is found 

by superposition theorem.

I I I4 4 4+I4I ′ ″

Steps to be followed in Superposition Theorem

1. Find the current through the resistance when only 

one independent source is acting, replacing all 

other independent sources by respective internal 

resistances.

2. Find the current through the resistance for each of the independent sources.

3. Find the resultant current through the resistance by the superposition theorem considering magnitude and 

direction of each current.

 Example 3.1  Find the current through the 2 W  resistor in Fig. 3.4.

40 V

20 V

10 V

5 Ω 2 Ω

10 Ω

Fig. 3.4

Solution

Step I When the 40 V source is acting alone (Fig. 3.5)

40 V

5 Ω 2 Ω

10 Ω

I ′I

Fig. 3.5

By series parallel reduction technique (Fig. 3.6),

I = =
40

5 1+ 67
6

.
A  

From Fig. 3.5, by current-division rule,

′ = ×
+

=I 6
10

10 2
5 A ( )→

R1 R3

R2
R4

I4′

V

Fig. 3.2 When voltage source V is acting alone

R1 R3

R2 R4
I

I4′′

Fig. 3.3 When current source I is acting alone

40 V

5 Ω

1.67 Ω

I

Fig. 3.6
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Step II When the 20 V source is acting alone (Fig. 3.7)

20 V5 Ω 2 Ω

10 Ω

I ′′I

Fig. 3.7

By series–parallel reduction technique (Fig. 3.8),

I = =
20

5 1+ 67
3

.
A

From Fig. 3.7, by current-division rule,

′′ = ×
+

= − →I 3
10

10 2
2 A5 ( )← = 2 5 A ( )

Step III When the 10 V source is acting alone (Fig. 3.9)

10 V

5 Ω 2 Ω

10 Ω

Fig. 3.9

By series–parallel reduction technique (Fig. 3.10),

′′′ = =I
10

3 33 2+
1 A88 ( )→  

Step IV By superposition theorem,

I I I I′ + ′′ ′′′ = =5 2− 5 1+ 88 4. .5 1+ . A38 ( )→

 Example 3.2  Find the current through the 1 W  resistor in Fig. 3.11.

100 V

50 V 40 V

4 Ω

2 Ω1 Ω

Fig. 3.11

20 V5 Ω

1.67 Ω

I

Fig. 3.8

10 V

2 Ω

3.33 Ω

I ′′′

I ′′′

Fig. 3.10
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Solution

Step I When the 100 V source is acting alone (Fig. 3.12)

100 V

4 Ω

2 Ω1 Ω

I

I ′

Fig. 3.12

By series–parallel reduction technique (Fig. 3.13),

I = =
100

4 0+ 67
21

.
. A41  

From Fig. 3.12, by current-division rule,

I ′ = × = ↓21 41
2

2 1+
. ×41 ( )

Step II When the 50 V source is acting alone (Fig. 3.14)

50 V

4 Ω

2 Ω
1 Ω

Fig. 3.14

By series–parallel reduction technique (Fig. 3.15),

′′ = = ↑ ↓I
50

1 1+ 33.
. A46 ( )↑ = 21.46 A( )−

Step III When the 40 V source is acting alone (Fig. 3.16)

40 V

4 Ω

2 Ω1 Ω

I ′′′

I

Fig. 3.16

100 V

4 Ω

0.67 Ω

I

Fig. 3.13

50 V

1 Ω

1.33 Ω

I ′′

Fig. 3.15



3.2 Superposition Theorem 3.5

By series–parallel reduction technique (Fig. 3.17),

I =
+

=
40

0 8 2
14. A29

From Fig. 3.16, by current-division rule,

′′′ = × = ↓I 14 29
4

4 1+
. ×29 ( )↓

Step IV By superposition theorem,

I I I I′ + ′′ ′′′ = − + = ↓14 27 21 46 11 43 4 24. .27 21 . .43 4 ( )↓A

 Example 3.3  Find the current through the 8 W  resistor in Fig. 3.18.

4 V 6 V

5 Ω 12 Ω10 Ω

15 Ω 8 Ω

Fig. 3.18

Solution

Step I When the 4 V source is acting alone (Fig. 3.19)

4 V

5 Ω 12 Ω10 Ω

15 Ω 8 Ω

I ′

I1I

Fig. 3.19

By series–parallel reduction technique (Fig. 3.20),

(a)

4 V

5 Ω 10 Ω

15 Ω 4.8 Ω

I1I

(b)

4 V

5 Ω

15 Ω 14.8 Ω

I1I

I = =
4

5 7+ 45
0

.
. A32  

From Fig. 3.20(b), by current-division rule,

I1 0 32
15

15 14 8
0= ×0 32

+
=

.
. A16  

From Fig. 3.19, by current-division rule,

′ = ×
+

= ↓I 0 16
12

12 8
. ×16 ( )

40 V

2 Ω
0.8 Ω

I

Fig. 3.17

(c)

4 V

5 Ω

7.45 Ω

I

Fig. 3.20
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Step II When the 6 V source is acting alone (Fig. 3.21)

6 V

5 Ω 12 Ω10 Ω

15 Ω 8 Ω

Fig. 3.21

By series–parallel reduction technique (Fig. 3.22),

(a)

6 V

10 Ω 12 Ω

8 Ω3.75 Ω

(b)

6 V

12 Ω

8 Ω13.75 Ω

I ′′

I

I =
+

=
6

12 5 06
0. A35

From Fig. 3.22(b), by current division rule,

′′ = ×
+

= ↓I 0 35
13 75

13 75 8

.

.
( )↓

Step III By superposition theorem,

I I I′ + ′′ = + = ↓0 096 0 22 =. .+096 0 ( )↓  

 Example 3.4  Find the current through the 4 W resistor in Fig. 3.23.

40 V 8 A

12 Ω 4 Ω

5 Ω 3 Ω

Fig. 3.23

Solution

Step I When the 40 V source is acting alone (Fig. 3.24)

I

40 V 5 Ω

12 Ω 4 Ω

3 Ω

I ′

Fig. 3.24

(c)

6 V

12 Ω

5.06 Ω

I

Fig. 3.22
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By series–parallel reduction technique (Fig. 3.25),

(a)

40 V

12 Ω

5 Ω 7 Ω

I

(b)

40 V

12 Ω

2.92 Ω

II ′

Fig. 3.25

I =
+

=
40

12 2 92
2. A68

From Fig. 3.25(a), by current-division rule,

I ′ = × = → − ←2 68
5

5 7+
1 12 1→. ×68 A( ) 2−1− 1 A ( )

Step II When the 8 A source is acting alone (Fig. 3.26)

8 A

12 Ω 4 Ω

5 Ω 3 Ω

Fig. 3.26

By series–parallel reduction technique (Fig. 3.27),

(a)

8 A

4 Ω

3 Ω3.53 Ω

I ′′

(b)

8 A3 Ω7.53 Ω

I ′′

Fig. 3.27

I ″ = × =8
3

7 53 3+
2 A28 ( )←

Step III By superposition theorem,

I I I′ + ′′ = − =1 12 2+ 28 1. .12 2+ . A16 ( )←  
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 Example 3.5  Find the current in the 10 W resistor in Fig. 3.28.

10 V

4 A

1 Ω
5 Ω10 Ω

2 Ω

Fig. 3.28

Solution

Step I When the 10 V source is acting alone (Fig. 3.29)

10 V

1 Ω
5 Ω10 Ω

2 Ω

Fig. 3.29

By series–parallel reduction technique (Fig. 3.30),

10 V

(a) (b)

1 Ω
7 Ω10 Ω

I ′′

I

10 V

1 Ω
4.12 Ω

I

Fig. 3.30

I = =
10

1 4+ 12
1

.
. A95

From Fig. 3.30 (a), by current-division rule,

′ = × = ↓I 1 95
7

7 1+ 0
. ×95 ( )↓  
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Step II When the 4 A source is acting alone (Fig. 3.31)

4 A1 Ω 5 Ω10 Ω

2 Ω

I ′′

I

Fig. 3.31

By series–parallel reduction technique (Fig. 3.32),

4 A

(a)

0.91 Ω 5 Ω

2 Ω I

4 A

(b)

2.91 Ω 5 Ω

I

Fig. 3.32

I = × =4
5

2 91 5+
2. A53  

From Fig. 3.31, by current-division rule,

′′ = × − ↓I 2 53
1

1 1+ 0
. ×53 ( )  

Step III By superposition theorem,

I I I′ + ′′ = + = ↓0 8 0 23 =. .+8 0 ( )↓

 Example 3.6  Find the current through the 8 W  resistor in Fig. 3.33.

25 A5 A

8 Ω

12 Ω 30 Ω

Fig. 3.33
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Solution

Step I When the 5 A source is acting alone (Fig. 3.34)

I ′ = × = →5
12

12 8 3+ + 0
1. (2 )

Step II When the 25 A source is acting alone (Fig. 3.35)

′′ = ×
+ +

= →I 25
30

30 12 8
15 A ( )

Step III By superposition theorem,

I I I′ + ′′ = + =1 2 15 16 2. +15 ( )→A
 

 Example 3.7  Find the current through the 4 W  resistor in Fig. 3.36.

20 V

5 A

4 Ω

6 Ω
5 Ω

6 Ω

2 Ω

Fig. 3.36

Solution

Step I When the 5 A source is acting alone (Fig. 3.37)

5 A

4 Ω

6 Ω
5 Ω

6 Ω

2 Ω

Fig. 3.37

By series–parallel reduction technique (Fig. 3.38),

5 A 30 Ω12 Ω

8 ΩI ′

Fig. 3.34

25 A30 Ω12 Ω

8 ΩI ′′

Fig. 3.35
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5 A 4 Ω

6 Ω

2.73 Ω

2 Ω

5 A

(b)(a)

2 Ω

8.73 Ω 4 Ω

I ′

Fig. 3.38

′ = × = ↓I 5
8 73

8 73 4+
( )  

Step II When the 20 V source is acting alone (Fig. 3.39)

20 V

4 Ω

6 Ω

5 Ω

6 Ω

2 Ω

I ′′I

Fig. 3.39

By series–parallel reduction technique (Fig. 3.40),

(a)

20 V

5 Ω

6 Ω 10 Ω

I

(b)

20 V

5 Ω

3.75 Ω

II ′′

Fig. 3.40

I = =
20

5 3+ 75
2

.
. A29

From Fig. 3.40 (a), by current-division rule,

′′ = × = ↓I 2 29
6

6 1+ 0
. ×29 ( )↓

Step III By superposition theorem

I I I′ + ′′ = = ↓3 43 0+ 86. .3 0+ ( )  
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 Example 3.8  Find the current through the 3 W  resistor in Fig. 3.41.

5 A

5 Ω

10 Ω

2 Ω

3 Ω

4 Ω 20 V

Fig. 3.41

Solution

Step I When the 5 A source is acting alone (Fig. 3.42)

5 A

5 Ω

10 Ω

2 Ω

3 Ω

4 Ω

Fig. 3.42

By series–parallel reduction technique (Fig. 3.43),

′ = ×
+

= ↓I 5
15

15 2 3+
( )

Step II When the 20 V source is acting alone (Fig. 3.44)

5 Ω

10 Ω

2 Ω

3 Ω

4 Ω 20 V

I ′′ I

Fig. 3.44

By series–parallel reduction technique (Fig. 3.45),

(a) (b)

20 V4 Ω20 Ω

I ′′ I

20 V3.33 Ω

I

Fig. 3.45

5 A 3 Ω15 Ω

2 ΩI ′

Fig. 3.43
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I = =
20

3 33
6 A

From Fig. 3.45(a), by current-division rule,

′′ = ×
+

= ↑ ↓I 6
4

20 4
A1= −( )↑↑↑ ( )↓

Step III By superposition theorem,

I I I′ + ′′ = = ↓3 75 1−.75 1 ( )

 Example 3.9  Find the current in the 1 W  resistors in Fig. 3.46.

4 V 3 A

1 A

3 Ω

1 Ω

2 Ω

Fig. 3.46

Solution

Step I When the 4 V source is acting alone (Fig. 3.47)

′ = = ↓I
4

2 1+
( )↓

Step II When the 3 A source is acting alone (Fig. 3.48)

By current-division rule,

′′ = × = ↓I 3
2

1 2+
( )↓

Step III When the 1 A source is acting alone (Fig. 3.49)

1 A

3 Ω

1 Ω

2 Ω

Fig. 3.49

4 V

3 Ω

1 Ω

2 Ω

I ′

Fig. 3.47

3 Ω

3 A1 Ω

2 Ω

I ′′

Fig. 3.48
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Redrawing the network (Fig. 3.50),

By current-division rule,

′′′ = × = ↓I 1
2

2 1+
( )↓

Step IV By superposition theorem,

I I I I′ + ′′ ′′′ = + ↓1 33 2+ 0 66 4=. .+33 2+ 0 ( )↓A

 Example 3.10  Find the voltage V
AB

 in Fig. 3.51.

6 V

5 A 10 V

A

B

5 Ω

VAB

+

−

Fig. 3.51

Solution

Step I When the 6 V source is acting alone (Fig. 3.52)

VABV ′ =B 6 V

6 V

A

VAB

B

5 Ω

+

−

′

Fig. 3.52

Step II When the 10 V source is acting alone (Fig. 3.53)

Since the resistor of 5 Ω is shorted, the voltage across it is zero.

VABV ″ =AB 10 V

Step III When the 5 A source is acting alone (Fig. 3.54)

Due to short circuit in both the parts,

VABV ″′ = 0

Step IV By superposition theorem,

V V V VABV ABV ABV ABV+VABV =VABV =′ ″V+ ″′ 6 1+ 0 0+ 16 V

1 A

1 Ω2 Ω
3 Ω

I ′′′

Fig. 3.50

10 V

A

VAB

B

5 Ω

+

−

′′

Fig. 3.53

A

VAB

B

5 Ω

5 A

+

−

′′′

Fig. 3.54
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 Example 3.11  Find the current through the 5 W resistor in Fig. 3.55.

24 V 2 A 36 V

5 Ω 10 Ω

20 Ω

Fig. 3.55

Solution

Step I When the 24 V source is acting alone (Fig. 3.56)

24 V

5 Ω 10 Ω

20 Ω

Fig. 3.56

By series–parallel reduction technique (Fig. 3.57),

′ = = →I
24

5 6+ 67
2 → 06

.
. (06 ) .2) ( )←A06→( ) .2= −

Step II When the 2 A source is acting alone 

By series–parallel reduction technique (Fig. 3.58),

2 A

(a) (b)

5 Ω 10 Ω

20 Ω 2 A

5 Ω

6.67 Ω

I ′′

Fig. 3.58

By current-division rule,

I ″ = × = ←2
6 67

5 6+ 67
1

.
. (14 )

Step III When the 36 V source is acting alone (Fig. 3.59)

By series–parallel reduction technique,

36 V

(a) (b)

5 Ω 10 Ω

20 Ω

I ′′′ I

36 V

10 Ω

4 Ω

I

Fig. 3.59

24 V

5 Ω

6.67 Ω

I ′

Fig. 3.57
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I =
+

=
36

10 4
2. A57

By current-division rule,

′′′ = ×
+

=I 2 57
20

20 5
2 06. ×57 ( )←A

Step IV By superposition theorem,

I I I I′ + ′′ ′′′ = − + =2 06 1+ 14 2 06 1= 14. .06 1+ .06 ( )←A

 Example 13.12  Find the current through the 4 W resistor in Fig. 3.60.

5 A 2 A

6 V

2 Ω 4 Ω

Fig. 3.60

Solution

Step I When the 5 A source is acting alone (Fig. 3.61)

By current-division rule,

′ = × = ↓I 5
2

2 4+
( )

Step II When the 2 A source is acting alone (Fig. 3.62)

By current-division rule,

I ″ = × = ↓2
2

2 4+
( )

Step III When the 6 V source is acting alone (Fig. 3.63)

Applying KVL to the mesh,

− ′′′ ′′′

′′′ = − ↓

2 6 4 0′′′ =

1

l l′′′ −6′′′ − 4

I A ( )

Step IV By superposition theorem,

I I I I′ + ′′ ′′′ = − ↓1 67 0+ 67 1 1=. .67 0+ . (34 )

5 A 4 Ω2 Ω

I ′

Fig. 3.61

2 A 4 Ω2 Ω

I ′′

Fig. 3.62

6 V

4 Ω2 Ω

I ′′′

Fig. 3.63
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EXAMPLES WITH DEPENDENT SOURCES

 Example 3.13  Find the current through the 6 W resistor in Fig. 3.64.

15 V 10 V3I

6 Ω 8 ΩI

Fig. 3.64

Solution

Step I When the 15 V source is acting alone (Fig 3.65)

From Fig. 3.65,

′I I′ = 1   …(i)

Meshes 1 and 2 will form a supermesh. 

Writing current equation for the supermesh,

I I I2 1I 13 3I=I1II ′

4 01 2   …(ii)

Applying KVL to the outer path of the supermesh,

15 6 8 01 28− 6 =I88

6 8 151 28I8 =2I88  …(iii)

Solving Eqs (ii) and (iii),

I1 0= . A39

I2 1= . A59

′ = →I I′ = 1 0. (39 )

Step II When the 10 V source is acting alone (Fig 3.66)

From Fig. 3.66,         

′′I I′′ = 1  ...(i)

Meshes 1 and 2 will form a supermesh.

Writing current equation for the supermesh,

I I I2 1I 13 3I=I1II ′′  

4 01 2   …(ii)

Applying KVL to the outer path of the supermesh,

− + =6 8 10 01 28I88−  

6 8 101 28I8 =2I88   …..(iii)

15 V 3I ′

6 Ω 8 ΩI ′

I1 I2

Fig. 3.65

10 V3I ′′

6 Ω 8 ΩI ′′

I1 I2

Fig. 3.66
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Solving Eqs (ii) and (iii),

I

I

I I

1

2

1

0 26

1 05

0

=
=

′′ =I1 →. (26 )

A

A

Step III By superposition theorem,

I I I= +I = = →′ ″I+ 0 39 0+ 26 0. .39 0+ . (65 )  

 Example 3.14  Find the current I
x
 in Fig. 3.67.

20 V 30 A

5 Ω 1 ΩIx

4Ix
+
−

Fig. 3.67

Solution

Step I When the 30 A source is acting alone (Fig. 3.68)

From Fig. 3.68,

I Ix′ 1  …(i)

Meshes 1 and 2 will form a supermesh.

Writing current equation for the supermesh,

I I1 2I I 30=I2I  …(ii)

Applying KVL to the outer path of the supermesh,

− −
− =
5 1 4 0=

5 4− 0
1 2

1 2 1

I11−
− I1

x′

9 01 2  …(iii)

Solving Eqs (ii) and (iii),
I

I

I Ix

1

2

1

3

27

3

=
= −

=I1

A

A

A′ ( )→

Step II When the 20 V source is acting alone (Fig. 3.69)

Applying KVL to the mesh,

20 5 4 0

2

− 5 − 4

= →2

I1

I
x x1I1 x

x

″ ″1I1 ″
″ A( )

Step III By superposition theorem,

I I Ix x x →I IxI x′ +x ″ 3 + 2 5 Α( )  

30 A

5 Ω 1 ΩIx

4Ix
+
−I1 I2

′

′

Fig. 3.68

20 V

5 Ω 1 ΩIx′′

4Ix
′′+

−

Fig. 3.69
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 Example 3.15  Find the current I
1
. in Fig. 3.70.

2 Ω
10 Ω

5 V

2 A

Vx

I1

4Vx
+ −

Fig. 3.70

Solution

Step I When the 5 V source is acting alone (Fig 3.71)

From the fi gure,

V
x
 = 5 – 10I

1
′

Applying KVL to the mesh,

 5 – 10I
1
′ – 4V

x
 – 2I

1
′ = 0 

 5 – 10I
1
′ – 4 (5 – 10I

1
′) – 2I

1
′ = 0 

 5 – 10I
1
′ – 20 + 40I

1
′ – 2I

1
′ = 0 

I1

15

28
0′ =1 = ↑0. (554 )

Step II When the 2 A source is acting alone (Fig 3.72)

From Fig . 3.72,

V IxVV 10 1′  …(i)

Meshes 1 and 2 will form a supermesh.

Writing current equation for the supermesh,

I I2 1I 2=I1II ′  …(ii)

Applying KVL to the outer path of the supermesh,

− =
− =

10 4 2 0

10 2− 0

1 22−

1 2

I 41 − 4 I

I 41 − 4 I

x′
′ ′44( )10101− 0 ′1010

30 2 01 22I 21 2′1  …(iii)

Solving Eqs (ii) and (iii),

I

I

1

2

0

2 14

= ↑0

=
. (114 )

. A

Step III By superposition theorem,

I I I1 1 1 0 54 0 14 0+I1II = 0 54 = ↑0′ ″I+ . .54 054 . (6868 )  

2 Ω
10 Ω

5 V

Vx

I1′

4Vx
+  −

Fig. 3.71

2 Ω10 Ω 2 A

Vx

I1′

4Vx
+ −

I1′ I2

Fig. 3.72
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 Example 3.16  Determine the current through the 10 W  resistor in Fig. 3.73.

Vx

10Vx+−

100 V 10 A

10 Ω

5 Ω

+

−

Fig. 3.73

Solution

Step I When the 100 V source is acting alone (Fig. 3.74)

From the fi gure,

V
x
 = 5I′

Applying KVL to the mesh,

100 – 10I′ + 10V
x
 – 5I′ = 0

100 – 10I′ + 10(5I′) – 5I′ = 0

′ = − →I 2. (86 )

Step II When the 10 A source is acting alone (Fig. 3.75)

From Fig. 3.75,

VxVV ( )I II1 2I−  …(i)

Applying KVL to Mesh 1,

−
− =

10 10 5 0=
10 10 − 0

1 − 5

11 0 52

I V+101 +10

I +101 +10 55−
x ( )1 2−

{ (555 )} ( )−1 2I1 I

35 45 01 245I I451 45 =2I4545  …(ii)

For Mesh 2,

I2 10= −  …(iii)

Solving Eqs (ii) and (iii),

I

I

1

2

12

10

= −
= −

. A86

A
 

′′ = − →I I′′ = 1 12. (86 )  

Step III By superposition theorem,

I I I′ + ′′ = − − →2 86 1− 2 86 1= − 5. .86 12 . (72 )

 Example 3.17  Find the current I in the network of Fig. 3.76.

17 V

1 A

3 Ω

5Vx
+
−

Vx2 Ω

4 Ω+

−

I

Fig. 3.76

Vx

10Vx+ −

100 V

10 Ω

5 Ω

+

−

I ′

Fig. 3.74

Vx

10Vx+−

10 A

10 Ω

5 Ω

+

−

I1 I2

I ′′

Fig. 3.75
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Solution

Step I When the 17 V source is acting alone (Fig. 3.77)

From the fi gure,

V
x
 = –2I′

Applying KVL to the mesh,

–2I′ – 17 – 3I′ – 5V
x
 = 0

–2I′ – 17 – 3I′ – 5(–2I′) = 0

I′ =3.4 A (→) 

Step II When the 1 A source is acting alone (Fig. 3.78)

From Fig. 3.78,

V IxVV 2 1  …(i)

Meshes 1 and 2 will form a supermesh.

Writing current equation for the supermesh,

I I2 1I 1=I1II  …(ii)

Applying KVL to the outer path of the supermesh,

− −
− − =

2 3 5 0=
2 3 5 0

1 23

1 23

I33− V

I33−
xV

( )2− 1I1

8 3 01 23I33 =2I33   …(iii)

Solving Eqs (ii) and (iii),

I

I

I I

1

2

2

0 6

1 6

1

=
=

′′ =I2 →. (6 )

A

A

Step III By superposition theorem,

I = I′ + I′′ = 3.4 + 1.6 = 5 A (→)

 Example 3.18  Find the voltage V
1
 in Fig. 3.79.

20 V5 A4I

1 Ω 4 ΩI

+
−

V1

+

−

Fig. 3.79

Solution

Step I When the 5 A source is acting alone (Fig. 3.80)

From Fig. 3.80,

I
V

=
′1VV

4

Applying KCL at Node 1,

′
+

′
=

V I′ V1 1+
V IV − VV4

1 4
5

17 V 3 Ω

5Vx
+
−

Vx2 Ω
+

−

I ′

Fig. 3.77

1 A

3 Ω

5Vx
+
−

Vx2 Ω

4 Ω+

−

I ′′

I1 I2

Fig. 3.78

5 A4I

1 Ω 4 ΩI

+
−

V1
′

Fig. 3.80
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′−
′⎛

⎝⎜
⎛⎛
⎝⎝

⎞
⎠⎟
⎞⎞
⎠⎠

+
′
=V

V V′⎞
1VV

1 1⎞⎞⎞ +
V VV V⎞⎞⎞

4
4 4⎠⎠⎠

5

V
1
′ = 20 V

Step II When the 20 V source is acting alone (Fig. 3.81)

Applying KVL to the mesh,

 4I – I – 4I – 20 = 0

 I = –20 A

 V
1
′′ = 4I – 1(I) = 3I = 3 (–20) = –60 V

Step III By superposition theorem,

 V
1
 = V

1
′ + V

1
′′ = 20 – 60 = –40 V

 Example 3.19  Find the current in the 6 W  resistor in Fig. 3.82.

Vx

2Vx+−

18 V

1 Ω

6 Ω

+− I

3 A

Fig. 3.82

Solution

Step I When the 18 V source is acting alone (Fig. 3.83)

From Fig. 3.83,

V
x
 = –I′

Applying KVL to the mesh,

18 – I′ + 2V
x
 – 6I′ = 0

18 – I′ – 2I′ – 6I′ = 0

I′ = 2 A (↓)

Step II When the 3 A source is acting alone (Fig. 3.84)

From Fig. 3.84,

V I IxVV =1 1 1II= −  …(i)

Meshes 1 and 2 will form a supermesh.

Writing current equation for the supermesh,

I I2 1I 3=I1II  …(ii)

Applying KVL to the outerpath of the supermesh,

−
− =

1 2 6 0=
2 6− 0

1 2− 6

1 2 2

I V2+1 2+
I + 21 + 2 I

x

( )1−
3 6 01 26I6 =2I66   …(iii)

4I

1 Ω 4 ΩI

+
−

V1

20 V

′′

Fig. 3.81

Vx

2Vx+ −

18 V

1 Ω

6 Ω

+− I ′

Fig. 3.83

Vx

2Vx+  −
1 Ω

6 Ω

+− I ′′

3 A

I1 I2

Fig. 3.84
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Solving Eqs (ii) and (iii),

I

I

1

2

2

1

= −
=

A

A

′′ = ↓I I′′ = 2 1 A ( )↓  

Step III By superposition theorem,

I
6 Ω 

= I′ + I′′ = 2 + 1 = 3 A (↓)

 Example 3.20  Find the current I
y
 in Fig. 3.85.

40 V120 V 12 A

4 Ω 8 ΩIy 10Iy
+  −

Fig. 3.85

Solution

Step I When the 120 V source is acting alone (Fig. 3.86)

Applying KVL to the mesh,

120 – 4I
y
′ – 10I

y
′ – 8I

y
′ = 0

I
y
′ = 5.45 A (→)

Step II When the 12 A source is acting alone (Fig. 3.87)

From Fig. 3.87,
I Iy″ 1  …(i)

Meshes 1 and 2 will form a supermesh.

Writing current equation for the supermesh,

I I2 1I 12=I1II  ...(ii)

Applying KVL to the outer path of the supermesh,

− =

− =

4 10 8 0

4 10 8− 0

1 20 8−

1 10 2

101 1− 0 I

101 1− 0 I

y″

14 8 01 28I 81 888  …(iii)

Solving Eqs (ii) and (iii),

I

I

1

2

4 36

7 64

= −
=

A

A

Iy I″ = = −1 4. A36 ( )→  

Step III When the 40 V source is acting alone (Fig. 3.88)

Applying KVL to the mesh,

–4 I
y
′′′ – 10I

y
′′′ – 8I

y
′′′ – 40 = 0

I y ″′ = −
40

22
= –1.82 A (→)

120 V

4 Ω 8 ΩI y
′ 10I y

′

+  −

Fig. 3.86

8 Ω
+ −

4 Ω 12 A

10Iy′′Iy′′

I1 I2

Fig. 3.87

8 Ω
+  −

4 Ω 40 V

10Iy′′′Iy′′′

Fig. 3.88
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Step IV By superposition theorem,

I
y
 = I

y
′ + I

y
′′ + I

y
′′′ = 5.45 – 4.36 – 1.82 = –0.73 A (→)

 Example 3.21  Find the voltage V
x
 in Fig. 3.89.

36 V18 V

5 A

3 Ω 6 Ω

24 Ω

3Vx
+  −

Vx+ −Vx

Fig. 3.89

Solution

Step I When the 18 V source is acting alone (Fig. 3.90)

From Fig. 3.90,

V
x
′ = 3I

Applying KVL to the mesh,

18 – 3I – 6I – 3V
x
′ = 0

18 – 3I – 6I – 3 (3I) = 0

I = 1 A

V
x
′ = 3 V

Step II When the 5 A source is acting alone (Fig. 3.91)

From Fig. 3.91,

V
x
′′ = –3I

1 
…(i)

Meshes 1 and 2 will form a supermesh.

Writing current equation for the supermesh,

I I2 1I 5=I1II  ...(ii)

Applying KVL to the outer path of the supermesh,

− −
− − =

3 6 3 0=
3 6 3 0

1 26

1 26

I66− V

I66−
xV″

( )3 1I1

12 6 01 26I 61 666  …(iii)

Solving Eqs (ii) and (iii),
I

I

1

2

1 67

3 33

= −
=

A

A

V IxVV″ 3 3I = 671 ( .−1 ) V5= −

Step III When the 36 V source is acting alone (Fig. 3.92)

From the fi gure,

V
x
′′′ = –3I

Applying KVL to the mesh,

36 + 3V
x
′′′ – 6I – 3I = 0

18 V

3 Ω 6 Ω 3Vx
′

+ −
Vx+ −Vx

I

Fig. 3.90

5 A

3Vx
′

3 Ω 6 Ω

24 Ω

I1
I2

+
−

Vx
+ −Vx

Fig. 3.91

36 V

3 Ω 6 Ω 3Vx
′′′

+  −
Vx

′′′+ −V ′′′

I

Fig. 3.92
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36 3 6
3

3
3

0

36 3 2

+ ′′′
− ′′′⎛

⎝⎜
⎛⎛
⎝⎝

⎞
⎠⎟
⎞⎞
⎠⎠

−
′′′⎛

⎝⎜
⎛⎛
⎝⎝

⎞
⎠⎟
⎞⎞
⎠⎠

=

+ ′′′ ′′′ +

V
V ′′′⎞ V−⎛

V V2

xV
x x

3
⎞⎞⎞ ⎛⎛⎛V VV V

3
⎞⎞⎞ ⎛⎛⎛

x xV VV2 VV

V

xVV

xVV

″′ =
′′′ = −

0

6 V

Step IV By superposition theorem,

V
x
 = V

x
′ + V

x
′′ + V

x
′′′ = 3 – 5 – 6 = –8 V

 Example 3.22  Find the voltage V in the network of Fig. 3.93.

10 V 8 V−5 A

8 Ω 5 Ω15 Ω

12 Ω
+
−

V− +V

Fig. 3.93

Solution

Step I When the 10 V source is acting alone 

(Fig. 3.94)

From Fig. 3.94,

 V I′ 8 1  ...(i)

Applying KVL to Mesh 1,

 − −10 8 15 1− 2 0=1 115151− 5 ( )1 2−  

 35 12 101 2I I121 12 =2I1212 −  ...(ii)

Applying KVL to Mesh 2,

 
− − =

− −
12 5 8 0

12 12 5 8 0=
2

2 1 2 8

( )2 1

( )8 18

2 1− I V8−2

I I+122 1+12 88− ( 8−8

′
 

 76 17 01 217I I171 17 =2I1717  ...(iii)

Solving Eqs (ii) and (iii),

 

I

I

V I

1

2

1

0 54

2 4

8 8I1 54 32

=
= .

( .0 ) .4

A

A

V′
 

Step II When the –5 A source is acting alone 

(Fig. 3.95)

From Fig. 3.95,

 V I″ 8 1  ...(i)

Meshes 1 and 2 will form a supermesh.

Writing current equation for the supermesh,

 I I1 2I I 5=I2I −  ...(ii)

10 V 8 V ′

8 Ω 5 Ω15 Ω

12 Ω
+
−

V ′− +V ′

I1 I2

Fig. 3.94

8 V ′′

8 Ω 5 Ω15 Ω

12 Ω
+
−

V ′′− +V ′′

I1 I3I2

−5 A

Fig. 3.95
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Applying KVL to the outer path of the supermesh,

−8 15 1− 2 0=1 25151− 5 ( )2 3−  

−8 27 1+ 2 0=1 227 3272− 7  ...(iii)

Applying KVL to Mesh 3,

− − =
− −

12 5 8 0

12 12 5 8 0=
3

3 2 3 8

( )3 2

( )8 18

3 − I V8−3

I I+123 +12 88− ( 8−8

″
 

64 12 17 01 2 3I I121 I− =172 3I1212 I3  ...(iv)

Solving Eqs (ii), (iii) and (iv),

I

I

I

V I

1

2

3

1

4 97

9 97

25 74

8 8I1 97 76

=
=
=

97

.

( .4−4 ) .39

A

A

A

V″

Step III By superposition theorem,

V V V+V = −′ ″V+ 4 32 3− 9 76 4= − 4 08. .32 39 . V08

 Example 3.23  For the network shown in Fig. 3.96, fi nd the voltage V
0
.

25 V1 A

50 Ω 200 Ω

40 Ω

V0
V1

0.5V1

+

+

−

− +
−

Fig. 3.96 

Solution

Step I When the 1 A source is acting alone (Fig. 3.97)

From Fig. 3.97,

V I1 2V IV 200  ...(i)

For Mesh 1,

I1 1=  ...(ii)

Applying KVL to Mesh 2,

0 200 0

0 200 40 40 200 0

2 1 200

2 240 1 2200

. (5 401 ))

. (5 ))

I(401 40 I200200I1)

I40I2 ) I I2001 200

−240 =2I200200

+2I4040 =2I200200

40 140 01 2140I I1401 140 =2I140140  ...(iii)

Solving Eqs (ii) and (iii),

I

I

V I I

V

V

1

2

0 1V IV I 2

0VV

0VV

1

0 29

50 200 0

50 200 29 0

=
=

−1II =
− −50

A

A

V

( )11 ( .0 )

′
′

′ = 108

50 Ω 200 Ω

40 Ω

1 A V1

0.5V1

+

+

−

−

+
−

V0
′

I2I1

Fig. 3.97 
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Step II When the 25 V source is acting alone (Fig. 3.98)

From Fig. 3.98,

V I1VV 200 25 0−I =

V I1VV 200 25+I  ...(i)

Applying KVL to Mesh 1,

0 5 40 200 25 0

0 200 25 40 200 25 0

0 09

1

. (5 )

V I401 I

I40I 25) I

I

−I40 − =25

25) − −200 I =
= − A

V V I0 1V VV V 200 25 200 09″ = +I200 = 200( .0− ) V25 725

Step III By superposition theorem,

V V0 0V VV V 0VV= ′V0VV + ″V0VV = 108 + 7 = 115V

 Example 3.24  For the network shown in Fig. 3.99, fi nd the voltage V
x
.

10 A

4 Ω

6 Ω

2 Ω

+

−

VxVx
2

20 V

Fig. 3.99

Solution

Step I When the 20 V source is acting alone (Fig. 

3.100)

From Fig. 3.100,

VxVV ′ 6( )I I1 2I−  ...(i)

Applying KVL to Mesh 1,

20 2 6 01 6− 2 =66( )1 2− 2I1 I

8 6 201 26I66 =2I66  ...(ii)

For Mesh 2,

I
V

I
xVV

2 1 2I
2

6

2
3 3I1= = = 3I

′ ( )I I1 2I

3 4 01 24I44 =2I44  ...(iii)

Solving Eqs (ii) and (iii),

I

I

VxVV

1

2

5 71

4 29

6 6 71 4 8 52

=

=

716 =

.

( )1 2I I1 2II1 ( .5(55 . )29

A

A

V′
 

25 V

50 Ω 200 Ω

40 Ω

V1

0.5V1

+

−

+
−

V0
′′

I

Fig. 3.98

20 V Vx

Vx

2 Ω

6 Ω

+

−

4 Ω

I1 I2

2′
′

Fig. 3.100
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Step II When the 10 A source is acting alone (Fig. 3.101)

From Fig. 3.101,

VxVV″ = 6(I I1 2I I )  ...(i)

Applying KVL to Mesh 1,

− =2 6− 0( )1 3 ( )1 2− 1 −
8 6 2 01 26 3I66 −26  ...(ii)

For Mesh 2,

I
V

I
xVV

2 1 2I
2

6

2
3 3I1= = = 3I

″ ( )I I1 2I
 

3 4 01 24I44 =2I44  ...(iii)

For Mesh 3,

I3 10= −  ...(iv)

Solving Eqs (ii), (iii) and (iv),

I

I

I

V I IxVV

1

2

3

1 2I

5 71

4 29

10

5 71 4 29 52

= −
= −
= −

− I2I +5 71

.

) (6= . .71 4+71 ) .8

A

A

A

V″ 6(

Step III By superposition theorem,

V V Vx xV VV xVV+VxVV ′ ″V+ = 8.52 − 8.52 = 0  

 Example 3.25  Calculate the current I in the network shown in Fig. 3.102.

2 Ω

2I1

I

20 Ω

4 Ω

10 Ω

50 V70 V

−   +

Fig. 3.102

Solution

Step I When the 70 V source is acting alone (Fig. 3.103)

From Fig. 3.103,

I I′ 3  ...(i)

Applying KVL to Mesh 1,

− − =4 2 20 01 1I21 12− ( )1 2I I1 −
26 20 01 220I I201 20 =2I2020  ...(ii)

Applying KVL to Mesh 2,

70 20 2 0− 20 − 2( )2 1 ( )2 32 12

− −20 22 2 7= 01 2 3I I+ 221 + 22  ...(iii)

10 A

4 Ω

6 Ω

2 Ω

+

−
I1

I3

I2

Vx

Vx

2

′′
′′

Fig. 3.101

2 Ω

2I1

I1

I ′

20 Ω

4 Ω

10 Ω

70 V

− +

I2

I1

I3

Fig. 3.103



3.2 Superposition Theorem 3.29

Applying KVL to Mesh 3,

− =2 2+ 10 01 310( )3 2− I I−101 3−10  

2 2 12 01 2 3I2 I3−2I22 =  ...(iv)

Solving Eqs (ii), (iii) and (iv),

I

I

I

I I

1

2

3

3

8 94

11 62

3 43

3

=
=
=

=I3 ←

.

. (43 )

A

A

A

′

 

Step II When the 50 V source is acting alone (Fig. 3.104)

From Fig. 3.104,

′′I I′′ = 3  …(i)

Applying KVL to Mesh 1,

− − =4 2 20 01 1I21 12− ( )1 2I I1 −
26 20 01 20I I201 20 =2I2020  …(ii)

Applying KVL to Mesh 2,

− −20 2 0=( )2 1 ( )2 32 1− −
− −20 22 2 0=1 2 3I I+ 221 + 22  …(iii)

Applying KVL to Mesh 3,

− =2 2+ 50 10 01 350 0( )3 2− I I+ 50 101 3+ −50 10

2 2 12 501 2 3I2 I3−2I22 = −  …(iv)

Solving Eqs (ii), (iii), and (iv),

I

I

I

I I

1

2

3

3

1 06

1 38

4 57

4

=
=
=

′′ =I3 ←. (57 )

A

A

A
 

Step III By superposition theorem,

I I I′ + ′′ = =3 43 4+ 57 8. .43 4+ ( )←A  

 Example 3.26  Find the voltage V
0
 in the network of Fig. 3.105.

10 V 1 A

5 Ω 4 V

2 Ω

1 Ω

V0
V0

+
− 2

+

−

 

Fig. 3.105

2 Ω

2I1

I1

I ′′

20 Ω

4 Ω

10 Ω

50 V

−   +

I2

I1

I3

 

Fig. 3.104
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Solution

Step I When the 10 V source is acting alone 

(Fig. 3.106)

Applying KCL at the node,

 

′
+

′
+

′ −
′

=

+ +⎛
⎝⎜
⎛⎛
⎝⎝

⎞
⎠⎟
⎞⎞
⎠⎠

′ =

′ =

V ′ V
V

V

V

V

0 0+
V VV V− 0VV

0VV

0VV

0VV

10

5 2

2

1
0

1

5

1

2

1

2
2

1 6. V67

 

Step II When the 1A current source is acting 

alone (Fig. 3.107)

Applying KCL at the node,

 
′′
+ +

′′
+

′′−
′′

V V′′ V
V

0 0+ +
V VV V 0VV

0VV

5 2

2

1

 

1

5

1

2

1

2
1

0 83

0

0

+ +⎛
⎝⎜
⎛⎛
⎝⎝

⎞
⎠⎟
⎞⎞
⎠⎠

′′= −

′′= −

V0

V0 . V83

 

Step III When the 4 V source is acting alone

(Fig. 3.108)

Applying KCL at the node,

 

′′′
+

′′′
+

′′′− −
′′′

=

+ +⎛
⎝⎜
⎛⎛
⎝⎝

⎞
⎠⎟
⎞⎞
⎠⎠

′′′ =

′′′ =

V V′′′ V
V

V

V

0 0+
V VV V 0VV

0VV

0VV

0VV

5 2

4
2

1
0

1

5

1

2

1

2
4

3 333 3. V33

 

Step IV By superposition theorem,

 V V V V0VV 0 0 0V V VV V V 1 67 0 83 3 33 4 17= ′ ′′ ′′′ = 1 67 + 3 33. .67 0 . .33 433 V  

 3.3    THEVENIN’S THEOREM

It states that ‘any two terminals of a network can be replaced by an equivalent voltage source and an 

equivalent series resistance. The voltage source is the voltage across the two terminals with load, if any, 

removed. The series resistance is the resistance of the network measured between two terminals with load 

removed and constant voltage source being replaced by its internal resistance (or if it is not given with 

zero resistance, i.e., short circuit) and constant current source replaced by infi nite resistance, i.e., open 

circuit.’

5 Ω

2 Ω

1 Ω

V0′+
− 2

+

−

V0′10 V

Fig. 3.106

1 A

5 Ω

2 Ω

1 Ω

V0″+
− 2

+

−

V0″

Fig. 3.107

5 Ω

2

1 Ω4 V

V0″′+
− 2

+

−

V0″′

Fig. 3.108



3.3 Thevenin’s Theorem 3.31

IL IL

RL
VTh

RTh

RL
Network

(a) (b)

Fig. 3.109 Network illustrating Thevenin’s theorem

Explanation Consider a simple network as shown in Fig. 3.110.

R1

V R2 RL

R3

A

B

Fig. 3.110 Network

For fi nding load current through R
L
, fi rst remove the load 

resistor R
L
 from the network and calculate open circuit voltage 

V
Th 

across points A and B as shown in Fig. 3.111.

V
R

R R
ThVV V= 2R

2R
1

 

For fi nding series resistance RThRR ,  replace the voltage source 

by a short circuit and calculate resistance between points A and 

B as shown in Fig. 3.112.

R R
R R

R R
ThRR +R3RR

1 2R RR

1 2R RR

Thevenin’s equivalent network is shown in Fig. 3.113.

I
V

R R
L

LR
= ThVV

ThRR

If the network contains both independent and dependent 

sources, Thevenin’s resistance RThRR is calculated as,

R
V

IN
ThRR

ThVV
=

where IN  is the short-circuit current which would fl ow in a 

short circuit placed across the terminals A and B. Dependent 

sources are active at all times. They have zero values only when 

the control voltage or current is zero. RThRR  may be negative in 

R1

V R2 VTh

R3

A

B

+

−

Fig. 3.111 Calculation of V
Th

R1

R2 RTh

R3

A

B

Fig. 3.112 Calculation of R
Th

VTh

RTh

RL

IL

A

B

Fig 3.113 Thevenin’s equivalent 

network
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some cases which indicates negative resistance region of the device, i.e., as voltage increases, current 

decreases in the region and vice-versa.

If the network contains only dependent sources then

V

IN

ThVV =
=

0

0
 

For fi nding RThRR in such a network, a known voltage V is applied across the terminals A and B and current 

is calculated through the path AB. 

R
V

I
ThRR =

or a known current source I is connected across the 

terminals A and B and voltage is calculated across the 

terminals A and B.

R
V

I
ThRR =

Thevenin’s equivalent network for such a network is 

shown in Fig. 3.114.

Steps to be Followed in Thevenin’s Theorem

1. Remove the load resistance R
L
.

2. Find the open circuit voltage V
Th

 across points A and B.

3. Find the resistance R
Th

 as seen from points A and B.

4. Replace the network by a voltage source V
Th

 in series with resistance R
Th

.

5. Find the current through R
L
 using Ohm’s law.

I
V

R R
L

LR
= ThVV

ThRR

 Example 3.27  Find the current through the 2 W resistor in Fig. 3.115.

40 V

20 V

10 V

5 Ω 2 Ω

10 Ω

Fig. 3.115

Solution

Step I Calculation of V
Th

 (Fig. 3.116)

Applying KVL to the mesh,

40 5 20 10 0

15 20

1

− 5

=

=

20 1010

I

I . A33

 

RTh

A

B

Fig. 3.114 Thevenin’s equivalent network

40 V

20 V

10 V

5 Ω

10 Ω

I

A B

+
+

−

+ − −
VTh

Fig. 3.116




