Network Theory

EC /EE /IN

By

THE GATE
ACADEMY

A Forum of IIT / lISc Graduates

www.thegateacademy.com

©®080-40611000



http://www.thegateacademy.com/

THE GATE’
ACADEMY

A Farum of IIT | liSc Graduates

Syllabus

Syllabus for Networks

Network Graphs: Matrices Associated With Graphs: Incidence, Fundamental Cut Set and
Fundamental Circuit Matrices. Solution Methods: Nodal and Mesh Analysis. Network Theorems:
Superposition, Thevenin and Norton’s, Maximum Power Transfer, Wye-Delta Transformation.
Steady State Sinusoidal Analysis Using Phasors. Linear Constant Coefficient Differential Equations,
Time Domain Analysis of Simple RLC Circuits, Solution of Network Equations Using Laplace
Transform, Frequency Domain Analysis f RLC Circuits. 2-Port Network Parameters, Driving Point

And Transfer Functions, State Equations For Networks.

Previous Year GATE Papers and Analysis

GATE Papers with answer key

[ thegateacademy.com/gate-papers ]

Subject wise Weightage Analysis

[thegateacademy.com/ gate-syllabus]

P<info@thegateacademy.com ©Copyright reserved. Web:www.thegateacademy.com



http://www.thegateacademy.com/

THE GATE’

ACADEMY

Contents
Contents

Chapters Page No
#1. Network Solution Methodology 1-19

¢ Introduction 1-2

e Series and Parallel Connection of Circuit Elements 2-4

e Mesh Analysis 4-5

e Nodal Analysis 5-6

e Voltage and Current Source 6

e Dependent Sources 6-7

e Power and Energy 8

e Network Theorems 8-11

e Solved Examples 12-19
#2. Transient/Steady State Analysis of RLC Circuits 20-33

e Transient Response Analysis of Network Elements 20-26

e Solved Examples 27 -33
#3. Sinusoidal Steady State Analysis 34-55

¢ Sinusoidal Excitation 34 -37

e Average Power Supplied by A.C. Source 38

e Resonance 38-41

e Single Phase Circuit Analysis 41 -43

e Polyphase Circuit Analysis 43 -46

e Magnetically Coupled Circuits 46 - 49

e Solved Examples 49 - 55
#4. Frequency Response Analysis 56 - 68

e Definition 56

e Laplace Transform of Standard Functions 56 -57

e [Initial Value Theorem 57

¢ Final Value Theorem 57 - 58

e Transfer Function of LTI System 58-59

e (Circuit Analysis at a Generalized Frequency 59

e Standard Structures 59 - 60

e Driving Point Function 61-63

e Solved Examples 63 - 68

P<info@thegateacademy.com ©Copyright reserved. Web:www.thegateacademy.com —



http://www.thegateacademy.com/

THE GATE’
ACADEMY

e Contents
#5. Two Port Networks 69-79
e Definition 69
e Types of Parameters 69 - 72
e Some Standard Networks 72-73
¢ Inter-Connection of Two Port Networks 73-76
e Solved Examples 76 -79
#6. Network Topology 80-92
e Definitions 80 -82
e Nodal Incidence Matrix 82
e Reduced Incidence Matrix 82
e Loop Incidence Matrix 83 -84
¢ Fundamental Cut-Set Matrix 84 -85
e Solved Examples 86-92
Reference Books 93

P<info@thegateacademy.com ©Copyright reserved. Web:www.thegateacademy.com n



http://www.thegateacademy.com/

o
Sa|
F
Al
<
-
-
Learning Objectives

After reading this chapter, you will know:
Series and Parallel Connection of Circuit Elements

Voltage and Current Relation of Network

KCL, KVL
Mesh Analysis
Nodal Analysis

Dependent Sources
Power and Energy
Network Theorems

1
2
3
4
5.
6. Voltage and Current Sources
7
8
9
1

0. Delta to Star Transformation

Introduction
The passive circuit elements resistance R, inductance L and capacitance C are defined by the manner
by which voltages and currents are related for the individual element. The table below summarizes
the voltage-current(V-I) relation, instantaneous power (P) consumption and energy stored in the
period [t;,t;] for each of above elements.

“Success consists of going from failure to

failure without loss of enthusiasm.”

Network Solution
Methodology

.... Winston Churchill

SL No. Circuit Symbol in | Units Voltage - Instantaneous | Energy Stored /
Element Electric Current Power, P Dissipated
Circuit Relation in [ty ty ]
iy n
1 Resistance, R =y Ohm V=iR Vi=i?R i?R(t, — t;)
T_ (Q) | (Ohm’slaw)
3
i +
Inductance, L Henr di o di 1, .
2 v (H)y V=Llyg L g EL(I%—I%)
L
Capacitance, C Farad —cd dv 1
3 P TV (F) =51 Vi EC(Vg—V%)

Table 1.1 Voltage —Current Relation of Network Elements
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In the above table, if iy, is the current at instant m and V), is the voltage at instant m, total energy
P . . . . t . t,. 2
dissipated in aresistor (R) in [ ty,t, ] = ftlz Ve ip dt = ftlz i Rdt

Series and Parallel Connection of Circuit Elements

Figure below summarizes equivalent resistance /inductance /capacitance for different
combinations of network elements.

—MWMN—e—MWW—e .—/VWV—QEO—A%\/\,——O R=R; +Ry+ ..o . +Ry
Rl R2 Rl’l
. B2 . = 1_1 1
: - t =W R-R TR T R,
Qg !
\AAAJ
Ry
L, L, L, L
—FHN—e—JJO—o - — P —e = o—JJ—o L=L1+L2+ +Ln
Ly
LIOX
] %ﬁ\ . = FJém_a L i
, - L L L Ln
500
Ly
P |‘ *_lé_‘ .......... .——l%—‘:.——l%—‘ ___+_+ +_
c C C, C, Ch
i/

C
. C2¢ . =
. Y B e C=Ci+Cy+ v +Cy

Series and Parallel Connection of Circuit Elements

Voltage / Current Relation in Series / Parallel Connection of Resistor
Figures below summarize voltage/current relations in series and parallel connection of resistors.

il R1 iz Rz in Rn . i R
—>— MWN—o—>—\W— - —>—MW-—2 — oA
+ Vl - + VZ - + VI‘I - + V -
Series Connection of Resistor
For series connection of resistors,i; =i, =....... ip =1
V X R; 1
i=s——,Vi=1,....... n
i=1 R
n
V= z Vi
i=1
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Parallel Combination of Resistors

For parallel connection of resistors,

1
. .. . R; .
i=2Zij,ij=1iX——<Vi=1,...... n

(=7)

Kirchoff’s Current Law (KCL)

The algebraic sum of current at a node in a electrical circuit is equal to zero.

At any point in electrical circuit the phasor sum of the current flowing towards a junction is equal to
the phasor sum of the currents flowing away from the junction.

1
i
Node O
i5 i3
iy

Demonstration of KCL
Assuming that current approaching node ‘O’ bears positive sign, and vice versa,
il_i2+i3+i4_i5=0
At any point in an electrical circuit the phasor sum of the currents flowing towards that junction is

equal to the phasor sum of the current flowing away from the junction.
Node = Junction

Kirchoff’s Voltage Law (KVL)

In any closed loop electrical circuit, the algebraic sum of voltage drops across all the circuit elements
is equal to emfrise in the same. Figure below demonstrates KVL and KCL equation can be written as,
iR, +iR, = E

In any closed loop in a networks the phasor sum of the voltage chops (i.e., product of current and
impedance) taken around the loop is equal to the phasor sum of the emf’s acting in that loop.

> AAAA ~AAAA
.' vyvy vyvy
1 R; R;
+
E —/

Demonstration of KVL
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Y 13
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Demonstration of KCL & KVL
From Kirchoff’s current law, i; = i; — i,
Also from KVL,
iRy + (i —i)R; = E
iR + 1R, — (i —1)R; =0

Mesh Analysis

In the mesh analysis, a current is assigned to each window of the network such that the currents
complete a closed loop. They are also referred to as loop currents. Each element and branch
therefore will have an independent current. When a branch has two of the mesh currents, the actual
current is given by their algebraic sum. Once the currents are assigned, Kirchhoff's voltage law is
written for each of the loops to obtain the necessary simultaneous equations.

AAAA AAAA

\AAAJ \AAAJ

Ry R3
+ = 3
@ 1 R, ¢ ER,

Demonstration of Mesh Analysis
Use mesh analysis to find I; and I,
LR+ (1 — )Ry =E; > 1 (R; + Ry) —;R; = E;
LR;+ LR, + (0, —[))R, =0=>1, (R, +R;+R,) — 1R, =0
The above set of simultaneous equations should be solved for [; and I,.

Solution of Simultaneous Equations

Matrix Inversion Method
The above set of equations can be written as below in matrix form:
[Rl +R; —R; ] [11] _ [E1]
—R, R, + Rz + Ryl |, 0
This is of form, AX=B= X =A"1B
Where, X = [I; []T

Cramer’s Rule
To find either of [;and I, use Cramer’s rule as below,
E, —R;
0 R,+R3+R,
11 -
|Al
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R;+R, E;
L.l =Ry 0
2 |A]

Mesh Analysis (Using Super Mesh)

When two of the loops have a common element as a current source, mesh analysis is not applied to
both loops separately. Instead both the loops are merged and a super mesh is formed. Now KVL is
applied to super mesh. For the circuit in figure shown below,

ILR; + LR, = E;

IL,—I; =1

AAAA AAAA
\AAAJ \AAAJ
R, R,
I
T 1t @ 4

Demonstration of Mesh Analysis Using Super Mesh

Nodal Analysis
Typically, electrical networks contain several nodes, where some are simple nodes and some are
principal nodes. In the node voltage method, one of the principal nodes is selected as the reference
and equations based on KCL are written at the other principal nodes. At each of these other
principal nodes, a voltage is assigned, where it is understood that this voltage is with respect to the
reference node. These voltages are the unknowns and are determined by Nodal Analysis.

R1 V;  R3

AAA AAAA
vvyy vVvy

Demonstration of Nodal Analysis

Use nodal analysis to find V;,
V;—E V. V;— E
4 s, 11 =2

Ry R, R;
When the node voltages to be found by nodal analysis are more than 1, the node voltages can be
found from simultaneous equations by matrix inversion method or Cramer’s rule.

=0

Nodal Analysis (Including Super Node)

When ideal voltage source is connected between two non-reference Node, then it is easy to get
solution using Super Node Technique. i.e., instead of solving Nodal equations separately they were
merged and treated as a single Node.
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Demonstration of Nodal Analysis Using Super Node
By nodal analysis,
V,-E VvV, V, V,
R, R, Ry R,
\]2 - \/1 =E

Voltage and Current Source
Ideal vs Practical Voltage Source

o}
Practical Voltage Source

Figure above depicts the symbol of a practical voltage source. Here E is the emf of source and R; is
the internal resistance of the source. For an ideal voltage source, R; is zero and for a practical source,
R; is finite & small.

Ideal vs Practical Current Source

AAAA
AAAE

R;

'‘®

Practical Current Source

Figure above depicts the symbol of a practical current source. Here,l is the current of source and R;
is internal resistance of source. For an ideal voltage source, R; is infinite and for a practical source,
R; is finite and large.

Dependent Sources

A source is called dependent if voltage / current of the source depends on voltage / current in some
other part of the network. Depending upon the nature of the source, dependent sources can be
classified as below.

Voltage Controlled Voltage Source (VCVS)
Here the voltage of the voltage source depends on voltage across some other element in the
network.
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