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Electrical Circuit Analysis

Module-I: Introduction to Electrical Circuits

Circuit Concept: Basic definitions, Ohm’s law at constant temperature, classifications of ele-
ments, R, L, C parameters, independent and dependent sources, Kirchhoff’s laws, Equivalent
Resistance of series, Parallel and series parallel networks.

Analysis of Electrical Circuits: Source Transformation, Star to Delta and Delta to Star transfor-
mation, Mesh analysis and Nodal analysis by Kirchhoff’s laws, inspection method, super mesh,
super node analysis.

Module-11: AC Circuits

Single Phase AC Circuits: Representation of alternating quantities, Instantaneous, peak, RMS,
average, form factor and peak factor for different periodic waveforms, phase and phase differ-
ence, ‘j’ notation, Concept of reactance, impedance, susceptance and admittance, rectangular
and polar form. Concept of power, real, reactive, apparent power and complex power, power
factor. Analysis of single phase AC Circuits consisting of R, L,C, RL, RC and RLC combina-
tions.

Module-111: Magnetic Circuits and Network Theorems

Faraday’s laws of electromagnetic induction, conpect of self and mutual inductance, dot conven-
tion, coefficient of coupling, composite magnetic circuit, analysis of series and parallel magnetic
circuits, behaviors of series and parallel resonant networks.

Theorems: Zero Current Theorem, Tellegen’s, Superposition, Reciprocity, Voltage Shift Theorem,
Thevenin’s, Norton’s, Maximum power transfer and Milliman’s and compensation theorems for
DC excitations.

Module-1V: Solution of First and Second Order Networks

Inditial conditions, transient response of RL, RC and RLC series circuits with DC excitation,
differential equation and Laplace transform approach.

Module-V: Two Port Network Parameters

Two port network parameters: Z,Y,ABCD, nybrid and inverse hybrid parameters, conditions for
symmetry and reciprocity, inter relationships of different parameters, interconnection(series, par-

allel and cascade) of two port networks, image parameters .
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Chapter-I: Introduction to Electrical Circuits

Objective and Outcomes x
Introduction

Circuit concept: Basic definitions
Electric Current

Electric Potential

Potential Difference

\oltage and E.M.F

Power

Ohm’s Law at constant temperature
1.8.1 Limitations of Ohm’s Law
1.8.2 Applications of Ohm’s Law
1.8.3 Solved Problems
Classifications of Elements

R-L-C Parameters

1.10.1 Resistance (R)

1.10.2 Classification of Resistors
1.10.3 Colour Coding of Resistors
Inductor (L)

1.11.1 Classifications of Inductors
1.11.2 Specifications of Inductor
1.11.3 Conductivity

Concept of Capacitor

1.12.1 Classifications of Capacitors
1.12.2 Specifications of the Capacitor
1.12.3 Comparison of Active and Passive Components
1.12.4 Solved Problems

Standard symbols for electrical components
Fuse

1.14.1 Need

1.14.2 Rating

1.14.3 Requirements of a Fuse
1.14.4 Fusing Materials

1.14.5 Classification of Fuses
\Voltage and Current Sources
Independent and Dependent Sources
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1.16.1 Solved Problems 36

1.17 Kirchhoff’s Laws 37
1.17.1 Solved Problems 40
1.18 Series Resistance 43
1.18.1 Equivalent Resistance for Series Connections 44
1.18.2 Voltage Divider Rule 47
1.18.3 Solved Problems 48
1.19 Resistance in Parallel 52
1.19.1 Characteristics of a Parallel Circuits 54
1.20 Series-Parallel Combination 54
1.21 Division of Currentin Parallel Branch Circuit 55
1.21.1 Solved Problems 58
1.21.2 Comparison of Series and Parallel Circuits 61
1.22  Solved Problems on Series and Parallel Circuit 61
1.23 Summary 73
1.24 Review Questions 73
1.25 Multiple Choice Questions 75
Chapter-11: Analysis of Electrical Circuits
2.0  Objective and Outcomes 78
2.1  Introduction 78
2.2  Source Transformation 79
2.2.1 Solved Problems 80
2.3  Starto Delta or Delta to Star Transformations 84
2.3.1 Delta-Star Transformation 85
2.3.2 Star-Delta Transformation 87
2.3.3 Conversion of Delta into Equivalent Star 89
2.3.4 Conversion of Star into Equivalent Delta 89
2.3.5 Solved Problems 91
2.4 Mesh Analysis by Kirchhoff’s laws 104
2.5  Node Analysis by Kirchhoff’s laws 116
2.5.1 Concept of Nodal Analysis 117
2.5.2 Nodal Analysis Illustration 117
2.5.3 Solved Problems 118
2.6 Inspection Method 128
2.6.1 Solved Problems 129
2.6.2 Nodal Equations by Inspection Method 130
2.6.3 Solved Problems 131
2.7  Super Mmesh for DC Excitations 132
2.7.1 Solved Problems 135
2.8 Super node for DC Excitations 137

2.8.1 Solved Problems
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Comparison of Mesh and Nodal Analysis
Summary
Review Questions
Multiple Choice Questions
Chapter-111: AC Circuits
Objective and Outcomes
Introduction
Important Definitions
Comparison of Alternating Current and Direct Current
The sinusoidal waveform
3.4.1 Significance of Sine Wave
3.4.2 Different Forms of E.M.F Equation
Representation of Alternating Quantities
3.5.1 Instantaneous Values
3.5.2 RMS (or) Virtual (or) Effective Value of AC
3.5.3 Average (or) Mean Value of AC
3.5.4 Form Factor
3.5.5 Peak Factor
3.5.6 Peak Value (or) Time Period of A.C
3.5.7 Solved Problems
Phase relations
3.6.1 Phase
3.6.2 Phase Difference
3.6.3 Solved Problems
Representation of an AC Quantity by a Rotating Vector
J-operator (or) J Notation
3.8.1 Solved Problems
Polar and rectangular form of Complex Numbers
Phasor Algebra
Impedance Complex Number
Admittance of Complex Number
Concept of reactance
Impedance
Susceptance
Admittance
Mathematical Representation of Phasors
Solved Problems
Concept of Real, Reactive Power
Apparent Power and Complex Power
Power Factor
3.21.1 Solved Problems
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AC Circuit
3.22.1 AC Through Pure Resistance
3.22.2 AC Through Pure Inductance
3.22.3 AC Through Capacitance
Representation of AC Series Circuits
3.23.1 RL Series Circuit
3.23.2 RC Series Circuit
3.23.3 RLC Series Circuit
Representation Parallel AC Circuits
3.24.1 RL Parallel Circuit
3.24.2 RC Parallel Circuit
3.24.3 RLC Parallel Circuit
Solved Problems
Advantages of Alternating Current over Direct Current
Disadvantages of A.C over D.C
Summary
Review Questions
Multiple Choice Questions
Chapter-1V: Magnetic Circuits
Objectives
Introduction
Magmetic Circuit
Important Definitions
43.1 Solved Examples
Electromagnetic Induction
Faraday’s Law of Electromagnetic Induction
451 Faraday’s First Law
45.2 Faraday’s Second Law
45.3 Applications of Faraday's Law
454 Integral Form of Faraday's Law
455 Differential Form of Faraday's Law
456 Solved Examples
Direction of Induced E.M.F. and Current
46.1 Lenz’s Law
4.6.2 Fleming’s Right Hand Rule
4.6.3 Fleming’s Left-Hand Rule
Induced E.M.F
4.7.1 Dynamically Induced E.M.F
4.7.2 Statically Induced E.M.F
Motional Electromotive Force
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Time Varying Magnetic Fields
Self and Mutual Inductance
4.10.1 Self Inductance
4.10.2 Mutual Inductance
4.10.3 Solved Example
Dot Convention
4.11.1 Solved Problems
Co-efficient of Coupling
4.12.1 Solved Problems
Composite Magnetic Circuit
Analysis of Series and Parallel Magnetic Circuits
4.14.1 Analysis of Series Magnetic Circuits
4.14.2 Analysis of Parallel Magnetic Circuits
4.14.3 Magnetic Leakage (or) Leakage Flux
4.14.4 Solved Examples
Comparison between Magnetic and Electric Circuits
Resonance
4.16.1 Resonance in Series circuit
4.16.2 Parallel Resonance in RLC Circuit
4.16.3 Q - Factor, Selectivity and bandwidth
4.16.4 Selectivity, Bandwidth and Q-factor of a Series Circuit
4.16.5 Selectivity, Bandwidth and Q-factor of Parallel Resonant Circuit
4.16.6 Compare Series and Parallel Resonance Circuits
4.16.7 Solved Problems
Summary
Review Questions
Objective Questions
Chapter-V: Network Theorems
Obijective and Outcomes
Introduction
Tellegen’s Theorem
5.2.1 Solved Problems
Superposition Theorem
5.3.1 Solved Problems
Reciprocity Theorem
5.4.1 Solved Problems
Thevenin’s Theorem
5.5.1 Solved Problems
Norton’s Theorem
5.6.1 Solved Problems
Maximum Power Transfer Theorem
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5.7.1 Solved Problems
Milliman Theorem

5.8.1 Solved Problems
Compensation Theorem
5.9.1 Solved Problems
Summary

Review Questions
Multiple Choice Questions

Chapter-V1: Solution of First and Second Order Networks

Objectives
Introduction
Important Definitions
Transient Response

The Voltage and Current Relationships for Impulse, Step and Ramp Functions

Initial Conditions

6.5.1 Procedure for Evaluating Initial Conditions
6.5.2 Solved Examples

Transient Responce of RL Circuit

6.6.1 Solved Examples

Transient Response of RC Circuit

Transient Response of RLC Circuit

6.8.1 Solved Examples

Differential Equations of First-order Networks
6.9.1 Initial Conditions

6.9.2 Final Conditions

Laplace Transformation

Properties of Laplace Transform

6.12 Useful Laplace Transforms
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Circuit Elements in the s-Domain

6.14.1 Resistor in the s-Domain

6.14.2 Inductor in s-Domain
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6.15.1 Solved Examples
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