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Preface

Basic Electrical Engineering, as a subject, encompasses within itself the core understanding of 
major concepts of the subject, including but not limited to, DC and AC Circuits, Transformers, 
Electrical Machines and DC Machines apart from Kirchhoff’s laws, Norton’s theorem and 
principle of operation of single-phase induction motors among many others. 

Written lucidly, Basic Electrical Engineering is designed specifically for the first-year engineering 
students at the University of Mumbai. In that, the positive aspect is a thoughtful blend of theory 
and problems. This not only helps the students understand the concepts explained but also 
increases their practice quotient.

Salient Features:
• Follows Bloom’s taxonomy (Specific learning outcomes can be derived from the taxonomy,

though it is oft used to assess learning on a variety of cognitive levels.)
• Apt coverage with strict adherence to the MU syllabus of Basic Electrical Engineering.
• Completion of each section is accompanied with multi-format exercises to test gleaning of

individual subject matter.
• A rich exam-oriented pedagogy includes:

• Close to 1000 figure
• More than 450 in-chapter solved example
• Close to 400 exercise question
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Basic Circuit Concepts – Prerequisite 1.1Dividends and Other Payouts 605

1Basic Circuit 

Concepts – 

Prerequisite

After studying this chapter, you should be able to:
LO 1.1 Explain the concepts of voltage, current, power and energy
LO 1.2 Explain the concepts of resistance, inductance, and capacitance
LO 1.3 Analyse series and parallel connections of resistances
LO 1.4 Discuss sources and their types
LO 1.5  Define networks and circuits, linear and non-linear elements, active and passive elements, 

unilateral and bilateral elements, lumped and distributed elements, active and passive networks, 
time-invarient and time-varient networks

LO 1.6  Define magnetic circuits, magnetomotive force, ampere-turns, magnetic field strength, 
reluctance and permeance

LO 1.7 Explain the concepts of series and parallel magnetic circuits
LO 1.8 Explain the concepts of magnetic leakage and fringing
LO 1.9 Describe BH curves
LO 1.10 Explain time-domain analysis of first order RL and RC circuits

LEARNING OBJECTIVES

1.1 VOLTAGE

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 

V
W

Q

work done

charge

Voltage is measured in volts (V). 

LO 1.1

Explain the concepts of 
voltage, current, power and 
energy
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Preface
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Some would argue that Mathematics is the cornerstone of engineering. They will 
not be wrong. Mathematics is the science and study of quality, structure, space and 
change. Its students seek patterns, formulate new conjectures and establish truth by 
rigourous deduction from appropriately chosen axioms and definitions. Development 
of analytical skills is an easy by-product of studying mathematics which in real-life 
situations is a boon to have. 

“Mathematics I” has been designed specifically for the first year Gujarat 
Technological University (GTU) syllabus and students of all programmes of 
engineering since first semester mathematics is common to all branches.

Ten dedicated chapters and five appendices are set to sequentially cover each 
module of the syllabus and are compounded by the ‘tutorial technique’, i.e., theory 
followed by example(s) so that the learner develops an increased sense of conscious 
intellection. 

This exceptional mix of theory and application caters to all types of requirements, 
be it the student or the teacher. Not only is the syllabus rigorously followed, but 
each topic has also been treated with the end-examination in sight. Concepts are 
well-aided with solved examples (of different complexities) so that every learner 
understands the topic at hand. Care has been taken for appropriate incorporation of 
Solutions of GTU examination questions within the text.

Salient Features:

l Apt coverage with strict adherence to the latest GTU syllabus of Mathematics-1.
l Completion of each section is accompanied with an exercise to test gleaning of 

individual subject matter.
l Appropriate incorporation of Solutions of GTU examination questions within 

the text.
l A rich exam-oriented pedagogy includes:

l Close to 300 figures
l Close to 900 in-text solved examples
l More than 550 exercise questions

                                                                                               Ravish R Singh
                                                                                                   Mukul Bhatt
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C H A P T E R

Indeterminate 
Forms

1

1.1 IntroductIon

We have studied certain rules to evaluate the limits. But some limits cannot be evalu-
ated by using these rules. These limits are known as indeterminate forms. There are 
seven types of indeterminate forms:

 (i) 
0
0

 (ii) 
∞
∞  (iii) 0 × ∞  (iv) ∞ − ∞

(v) 1∞  (vi) 0°  (vii) ∞°  
These limits can be evaluated by using L’Hospital’s rule. 

1.2 L’HospItaL’s ruLe

Statement If f (x) and g (x) are two functions of x which can be expanded by Taylor’s 

series in the neighbourhood of  x = a and if lim ( ) ( ) , lim ( ) ( ) ,
x a x a

f x f a g x g a
→ →

= = = =0 0  
then

chapter outline
1.1 Introduction
1.2 L’Hospital’s Rule
1.3 Type 1 : 0

0
 Form

1.4 Type 2 : •• Form

1.5 Type 3 : 0 × • Form
1.6 Type 4 : • − • Form
1.7 Type 5 : 1•, • 0, 0 0 Forms
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Preface

Some would argue that Mathematics is the cornerstone of engineering. They will 
not be wrong. Mathematics is the science and study of quality, structure, space and 
change. Its students seek patterns, formulate new conjectures and establish truth by 
rigourous deduction from appropriately chosen axioms and definitions. Development 
of analytical skills is an easy by-product of studying mathematics which in real-life 
situations is a boon to have. 

“Mathematics II” has been designed specifically as per the Gujarat 
Technological University (GTU) syllabus and students of all programmes of 
engineering.

Six dedicated chapters are set to sequentially cover each module of the 
syllabus and are compounded by the ‘tutorial technique’, i.e., theory followed by 
example(s) so that the learner develops an increased sense of conscious intellection. 

This exceptional mix of theory and application caters to all types of requirements, 
be it the student or the teacher. Not only is the syllabus rigorously followed, but 
each topic has also been treated with the end-examination in sight. Concepts are 
well-aided with solved examples (of different complexities) so that every learner 
understands the topic at hand. Care has been taken for appropriate incorporation of 
Solutions of GTU examination questions within the text.

Salient Features:

l Apt coverage with strict adherence to the latest GTU syllabus of Mathematics II.
l Completion of each section is accompanied with an exercise to test gleaning of

individual subject matter.
l Appropriate incorporation of Solutions of GTU examination questions within

the text.
l A rich exam-oriented pedagogy includes:

l Close to 700 in-text solved examples and Figures
l Close to 550 exercise questions

Ravish R Singh
Mukul Bhatt
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1.1 IntroductIon

Vector calculus deals with the differentiation and integration of vector functions. We 
will learn about derivative of a vector function, gradient, divergence and curl in vector 
differential calculus. In vector integral calculus, we will learn about line integral, 
surface integral, volume integral and three theorems, namely Green’s theorem, 
divergence theorem and Stokes’ theorem. It plays an important role in the differential 
geometry and in the study of partial differential equations. It is useful in the study of 
rigid dynamics, fluid dynamics, heat transfer, electromagnetism, theory of relativity, 
etc. 

C H A P T E R

Vector Calculus
1

chapter outline
1.1 Introduction
1.2 Vector Function of a Single Scalar Variable
1.3 Parameterization of Curves and Surfaces
1.4 Arc Length of Curves in Space
1.5 Scalar and Vector Fields
1.6 Gradient
1.7 Divergence
1.8 Curl
1.9 Line Integrals

1.10 Green’s Theorem in the Plane
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Preface

In mathematics, a complex variable is a variable that can take on the value of a 
complex number. A Partial Differential Equation (PDE) is a mathematical equation 
that involves two or more independent variables, an unknown function (dependent 
on those variables) and partial derivatives of the unknown function with respect to 
the independent variables. From Leonhard Euler to Joseph-Louis Lagrange, this 
aspect of mathematics has seen their own superstars. 

“Complex Variables and Partial Differential Equations” has been designed 
specifically for the Gujarat Technological University (GTU) syllabus and students 
of engineering in their third semester.

Eight dedicated chapters are set to sequentially cover each module of the syllabus 
and are compounded by the ‘tutorial technique’, i.e., theory followed by 
example(s) so that the learner develops an increased sense of conscious intellection. 

This exceptional mix of theory and application caters to all types of requirements, 
be it the student or the teacher. Not only is the syllabus rigorously followed, but each 
topic has also been treated with the end-examination in sight. Concepts are well-
aided with solved examples (of different complexities) so that every learner 
understands the topic at hand. 

Salient Features:

 Apt coverage with strict adherence to the latest GTU syllabus of Complex   
  Variables and Partial Differential Equations.

 Completion of each section is accompanied with an exercise to test gleaning of 
  individual subject matter.

 A rich exam-oriented pedagogy includes:
•  Close to 200 figures
•  Close to 500 in-text solved examples
•  More than 300 exercise questions

Ravish R Singh 
Mukul Bhatt
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1.1 INTRODUCTION

The complex numbers are an extension of the real numbers obtained by introducing 

an imaginary unit i, where i = 1 . The operations of addition, subtraction, 
multiplication, and division are applicable on complex numbers. A negative real 
number can be obtained by squaring a complex number. With a complex number, 
it is always possible to find solutions to polynomial equations of degree more than 
one. Complex numbers are used in many applications, such as control theory, signal 
analysis, quantum mechanics, relativity, etc. 

Chapter Outline
1.1 Introduction
1.2 Complex Numbers
1.3 Geometrical Representation of Complex Numbers (Argand’s Diagram)
1.4 Algebra of Complex Numbers
1.5 Different Forms of Complex Numbers
1.6 Modulus and Argument (or Amplitude) of Complex Numbers
1.7 Properties of Complex Numbers
1.8 De Moivre’s Theorem
1.9 Applications of De Moivre’s Theorem

1.10 Circular and Hyperbolic Functions
1.11 Inverse Hyperbolic Functions
1.12 Logarithm of a Complex Number

C H A P T E R

Complex
Numbers
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Preface

Network Theory is core to the understanding of engineering of Electronics and 
Telecommunications and hence Network Theory: Analysis and Synthesis becomes 
an important subject for students of Electronics & Telecommunication Engineering 
and Electronics Engineering in their third semester. A strong conceptual understanding 
of the subject is what the textbook lends to its reader and an apart from an emphasis on  
problem-solving approach and discussion on bot analysis and synthesis of networks, it offers 
ample coverage of DC circuits, network theorems, transient analysis, two-port networks and 
network synthesis among other major topics.

Salient Features:
• Apt coverage of both analysis and synthesis of networks with strict adherence to the MU

syllabus of Network Theory.
• Marked problem-solving approach.
• A rich exam-oriented pedagogy includes:
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Circuit Analysis1

After studying this chapter, you should be able to:

LO  1.1 Discuss sources and their types
LO  1.2  Define networks and circuits, linear and non-

linear elements, active and passive elements, 
unilateral and bilateral elements, lumped 
and distributed elements, active and passive 
networks, time-invariant and time-variant 
networks

LO  1.3 Use Kirchhoff’s laws in solving the networks
LO  1.4  Explain the concepts of mesh and supermesh 

analysis
LO  1.5  Explain the concepts of node and supernode 

analysis
LO  1.6  Analyse the networks using superposition 

theorem
LO  1.7  Analyse the networks using Thevenin’s 

theorem
LO  1.8  Analyse the networks using Norton’s theorem
LO  1.9  Analyse the networks using maximum power 

transfer theorem

L E A R N I N G  O B J E C T I V E S INTRODUCTION

In circuit analysis, we have to find currents 
and voltages in various parts of networks. 
In this chapter, we will study elementary 
network theorems like mesh analysis and 
node analysis. These methods are applicable 
to all types of networks. The first step in 
analysing networks is to apply Ohm’s law 
and Kirchhoff’s laws. The second step is the 
solving of these equations by mathematical 
tools. There are some other methods 
also to analyse circuits. We will also study 
superposition theorem, Thevenin’s theorem, 
Norton’s theorem and maximum power 
transfer theorem. We can find currents and 
voltages in various parts of the circuits with 
these methods.
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Preface

Probability and Statistics are the branches of mathematics which are concerned with the laws 
governing random events, including the collection, analysis, interpretation and display of nu-
merical data. From Pierre de Fermat and Blaise Pascal to John Maynard Keynes, probability has 
found enormous use, not really limited to mathematics anymore. Statistics in its own right has 
been studied by towering mathematicians such as Thomas Bayes and Pierre-Simon Laplace and 
our very own Prasanta Chandra Mahalanobis and CR Rao. 

“Probability and Statistics” has been designed specifically for the Gujarat Technological Uni-
versity (GTU) syllabus and students of engineering in their third semester.

Seven dedicated chapters are set to sequentially cover each module of the syllabus and are 
compounded by the ‘tutorial technique’, i.e., theory followed by example(s) so that the learner 
develops an increased sense of conscious intellection. 

This exceptional mix of theory and application caters to all types of requirements, be it the 
student or the teacher. Not only is the syllabus rigorously followed, but each topic has also been 
treated with the end-examination in sight. Concepts are well-aided with solved examples (of 
different complexities) so that every learner understands the topic at hand. 

Salient Features:

l Apt coverage with strict adherence to the latest GTU syllabus of Probability and Statistics.

l Completion of each section is accompanied with an exercise to test gleaning of individual 
subject matter.

l A rich exam-oriented pedagogy includes:

l More than 50 figures

l More than 350 in-text solved examples

l More than 325 exercise questions

                                                                                                                Ravish R Singh
                                                                                                                    Mukul Bhatt
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1.1 INTRODUCTION

The concept of probability originated from the analysis of the games of chance. Even 
today, a large number of problems exist which are based on the games of chance, such 
as tossing of a coin, throwing of dice, and playing of cards. The utility of probability 
in business and economics is most emphatically revealed in the field of predictions for 
the future. Probability is a concept which measures the degree of uncertainty and that 
of certainty as a corollary.

The word probability or ‘chance’ is used commonly in day-to-day life. Daily, we come 
across the sentences like, ‘it may rain today’, ‘India may win the forthcoming cricket 
match against Sri Lanka’, ‘the chances of making profits by investing in shares of 
Company A are very bright, etc. Each of the above sentences involves an element 
of uncertainty. A numerical measure of uncertainty is provided by a very important 
branch of mathematics called theory of probability. Before we study the probability 
theory in detail, it is appropriate to explain certain terms which are essential for the 
study of the theory of probability.

1.2 SOME IMPORTANT TERMS AND CONCEPTS

1. Random Experiment If an experiment is conducted, any number of times,
under identical conditions, there is a set of all possible outcomes associated with it.

C H A P T E R

Probability
1

Chapter Outline

1.1 Introduction

1.2 Some Important Terms and Concepts

1.3 Definitions of Probability

1.4 Theorems on Probability

1.5 Conditional Probability

1.6 Multiplicative Theorem for Independent Events

1.7 Bayes’ Theorem
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Preface
Mathematics is a key area of study in any engineering course. A sound knowledge 
of this subject will help engineering students develop analytical skills, and thus 
enable them to solve numerical problems encountered in real life, as well as apply 
mathematical principles to physical problems, particularly in the field of engineering.

Users
This book is designed for the 2nd year GTU engineering students pursuing the 
course Advanced Engineering Mathematics, Subject CODE: 2130002 in their 
3rd Semester. It covers the complete GTU syllabus for the course on Advanced 
Engineering Mathematics, which is common to all the engineering branches.

Objective
The crisp and complete explanation of topics will help students easily understand the 
basic concepts. The tutorial approach (i.e., teach by example) followed in the text will 
enable students develop a logical perspective to solving problems.

Features
Each topic has been explained from the examination point of view, wherein the theory 
is presented in an easy-to-understand student-friendly style. Full coverage of concepts 
is supported by numerous solved examples with varied complexity levels, which is 
aligned to the latest GTU syllabus. Fundamental and sequential explanation of topics 
are well aided by examples and exercises. ������������������������������������������The solutions of examples are set follow-
ing a ‘tutorial’ approach, which will make it easy for students from any background 
to easily grasp the concepts. Exercises with answers immediately follow the solved 
examples enforcing a practice-based approach. We hope that the students will gain 
logical understanding from solved problems and then reiterate it through solving simi-
lar exercise problems themselves. The unique blend of theory and application caters to 
the requirements of both the students and the faculty. Solutions of GTU examination 
questions are incorporated within the text appropriately. 
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Highlights

∑	 Crisp content strictly as per the latest GTU syllabus of Advanced Engineering 
Mathematics (Regulation 2014)

∑	 Comprehensive coverage with lucid presentation style

∑	 Each section concludes with an exercise to test understanding of topics

∑	 Solutions of GTU examination questions from 2012 to 2018 present appropriately 
within the chapters and on companion web link

∑	 Rich exam-oriented pedagogy:

	 	 Solved examples within chapters: 475

	 	 Solved GTU questions within chapters: 247

	 	 Unsolved exercises: 571

	 	 MCQs at the end of chapters: 121

	 	 MCQs on web link: 50

Chapter Organization
The content spans the following six chapters which wholly and sequentially cover 
each module of the syllabus.

	 Chapter 1 introduces Some Special Functions.

	 Chapter 2 discusses Fourier Series and Fourier Integral.

	 Chapter 3 presents Ordinary Differential Equations and Applications.

	 Chapter 4 covers Series Solution of Differential Equations.

	 Chapter 5 deals with Laplace Transforms and Applications.

	 Chapter 6 presents Partial Differential Equations and Applications.
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Roadmap to the Syllabus
This text is useful for  

Subject Code: 2130002 – Advanced Engineering Mathematics

Module 1: Introduction to Some Special Functions

Gamma function; Beta function; Bessel function; Error function and 
complementary error function; Heaviside’s function; Pulse unit height and 
duration function; Sinusoidal pulse function; Rectangle function; Gate function; 
Dirac’s Delta function; Signum function; Sawtooth wave function; Triangular 
wave function; Half-wave rectified sinusoidal function; Full rectified sine 
wave; Square wave function.

Module 2: Fourier Series and Fourier Integral

Periodic function; Trigonometric series; Fourier series; Functions of any period; 
Even and odd functions; Half-range expansion; Forced oscillations; Fourier 
integral.

Module 3: Ordinary Differential Equations and Applications

First order differential equations: basic concepts; Geometric meaning of 
y ’ = f (x, y) Direction fields; Exact differential equations; Integrating factor; 
Linear differential equations; Bernoulli equations; Modeling: Orthogonal 
trajectories of curves; Linear differential equations of second and higher 
order: Homogeneous linear differential equations of second order; Modeling: 
Free oscillations; Euler-Cauchy Equations; Wronskian; Nonhomogeneous 
equations; Solution by undetermined coefficients; Solution by variation of 
parameters; Modeling: Free Oscillations, Resonance and electric circuits; Higher 
order linear differential equations; Higher order homogeneous equations with 
constant coefficient; Higher order nonhomogeneous equations. Solution by 
[1/f(D)] r(x) method for finding particular integral.

GO TO

CHAPTER 1: Introduction to Some Special Functions

GO TO

CHAPTER 2: Fourier Series and Fourier Integral

GO TO

CHAPTER 3: Ordinary Differential Equations and Applications
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Module 4: Series Solution of Differential Equations

Power series method; Theory of power series methods; Frobenius method.

Module 5: Laplace Transforms and Applications

Definition of the Laplace transform; Inverse Laplace transform; Linearity; 
Shifting theorem; Transforms of derivatives and integrals; Differential 
equations; Unit step function; Second shifting theorem; Dirac’s delta function; 
Differentiation and integration of transforms; Convolution and integral 
equations; Partial fraction differential equations; Systems of differential 
equations.

Module 6: Partial Differential Equations and Applications

Formation of PDEs; Solution of partial differential equations f(x, y, z, p, q) = 0; 
Nonlinear PDEs of first order; Some standard forms of nonlinear PDEs; Linear 
PDEs with constant coefficients; Equations reducible to homogeneous linear 
form; Classification of second-order linear PDEs; Separation of variables; Use 
of Fourier series; D’Alembert’s solution of the wave equation; Heat equation: 
Solution by Fourier series and Fourier integral.

GO TO

CHAPTER 4: Series Solution of Differential Equations

GO TO

CHAPTER 5: Laplace Transforms and Applications

GO TO

CHAPTER 6: Partial Differential Equations and Applications
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