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Basic electrical engineering is a core subject offered to engineering students of all
disciplines. This subject deals with the basic concepts and fundamentals of electrical
engineering. Although technology is advancing rapidly, basic principles and fundamentals remain the same. Engineering students must have a good understanding of
their subject as it lays the foundation of many streams of engineering.
The University of Mumbai has revised the syllabus for first year engineering
courses in the academic year 2019–20. This book is designed and developed as per
the revised syllabus and is aimed at addressing the needs of the students as well as
the teachers dealing with this subject.
The purpose of this book is to provide a firm foundation to the study of electrical
engineering. This book is the outcome of my long experience of teaching engineering
stundets and training industrial employees.
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Basic Electrical Engineering is written strictly according to the revised syllabus
of the University of Mumbai. The topics in each chapter are developed from the
fundamental concepts and presented in a graded manner so as to lead the students
gradually from simple to more complex concepts.
The lucid explanation of topics and the simple language used throughout the book
would help the students assimilate the intricate concepts with ease. The principles are
illustrated by means of numerous carefully selected examples. Some unconventional
steps, methods, and procedures for solving examples and drawing phasor diagrams
are also presented. Step-by-step procedures and simple methods to solve problems
are provided to enable the students to develop their problem-solving skills.
At the end of each chapter, a wide variety of unsolved problems are given for
practice. The appendices at the end of the book provide a review of the key concepts
required for the understanding of this subject.

Content and Coverage
This book comprises seven chapters and four appendices. The topics in the book
are arranged in a sequential order, thus each topic leading to a new topic.
Chapter 1 explains the basics of electricity. It further discusses various laws,
theorems, techniques, rules, and methods for analysing dc networks.
Chapter 2 deals with the types of ac circuits and is divided into three parts: fundamentals of ac circuits, ac series circuits, and ac parallel circuits. Phasor algebra
is used to analyse single-phase ac circuits. Series and parallel resonance is also
discussed in detail.
Chapter 3 is devoted to three-phase ac circuits and explains the generation of
three-phase voltages and different types of three-phase connections. It derives
the relationships between different lines and phase quantities. The two-wattmeter
method used for measurement of a three-phase power is also covered.
© Oxford University Press India. All rights reserved.
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iv Preface

Chapter 4 discusses single-phase transformers. It deals with the basic principles,
working, efficiency, and regulation of a single-phase transformer.
Chapter 5 dwells on DC machines and discusses their basic principles, working,
types, and applications.
Chapter 6 discusses electrical machines. It also deals with topics of rotating magnetic
field, principle of operation of three-phase induction motor, and concept of slip.
Chapter 7 deals with the principle of operation of single-phase induction motors
and stepper motor.
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Appendix A explains the concepts of charge, current, emf, potential difference, and
resistance.
Appendix B presents electrostatics, capacitance, types of capacitors, and their
charging and discharging. The significance of time constant is also discussed.
Appendix C deals with electromagnetism, magnetic circuit, and electromagnetic
induction. It also explains hysteresis and eddy current losses, energy stored in an
inductor, and significance of time constant in inductive circuits.
Appendix D provides 20 solved examples illustrating the concepts learnt in the book.
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Electricity is an indispensable part of our daily life. Although the exact nature of
electricity is unknown, a great deal is known about what it can do. By mere pressing
a switch, buildings are lighted, wheels are turned, meals are cooked, distant voices
are heard, and countless other tasksordinary and extraordinaryare performed.
The study of nature of electricity has been attracting the attention of scientists for
hundreds of years. Several theories about electricity were developed through experiments and by observation of its behaviour. The only theory that has survived
over the years to explain the nature of electricity is the modern electron theory of
matter. This theory has been the result of research works conducted by scientists
such as Sir William Crooks, J.J. Thomson, Robert A. Millikan, Sir Earnest
Rutherford, and Neils Bohr. The main points of this theory are given below:
(i) Every matter is electrical in nature, i.e., it contains particles of electricity,
viz. protons and electrons.
(ii) In normal state, in an atom, the number of electrons is equal to the number
of protons. Therefore, an atom is neutral as a whole. This explains why a
body does not exhibit any charge under ordinary conditions.
(iii) If from a neutral body, some electrons are removed, there occurs a deficit of
electrons in the body. Consequently, the body attains a positive charge.
(iv) If a neutral body is supplied with electrons, there occurs an excess of electrons. Consequently, the body attains a negative charge.
The charge on an electron is so small that it is not convenient to select it as the
unit of charge (see Section A.2, Appendix A). In practice, coulomb (C) is used as
the unit of charge. One coulomb of charge is equal to the charge on 6.28 ´ 1018
electrons, i.e.,
1 coulomb = charge on 6.28 ´ 1018 electrons
Thus, when we say that a body has a positive charge of 1 coulomb, it means that
it has a deficit of 6.28 ´ 1018 electrons.
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Flow of free electrons is called electric current. A copper strip has a large number
of free electrons. When electric pressure or voltage is applied to it, free electrons,
being negatively charged, will start moving towards the positive terminal round
the circuit as shown in Fig. 1.1.This directed flow of electrons is called electric
current. The actual direction of current (i.e., flow of electrons) is from the negative terminal to the positive terminal through the part of the circuit external to the
cell. However, prior to the electron theory, it was assumed that current flowed
from the positive terminal to the negative terminal of the cell via the circuit. This
convention is so firmly established that it is still in use. This assumed current is
now called conventional current.

Fig. 1.1 Flow of electric current
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The substances that have large number of free electrons will permit the flow of
current easily. Such substances are called conductors, e.g., copper, zinc, silver,
aluminium. On the other hand, atoms of some substances have valence electrons
that are tightly held to their nuclei, i.e., they have few free electrons. Such
substances will not permit the flow of electric current and are called bad conductors
or insulators, e.g., glass, mica, porcelain.
The strength of electric current I is the rate of flow of electrons, i.e., charge
flowing per second.

Q
t
The charge Q is measured in coulomb and time t in second. Therefore, the unit of
electric current will be coulomb/sec, also known as ampere (A). If Q = 1 C, t =
1 sec, then I = 1/1 = 1 A.
One ampere of current is said to flow through a wire if at any section one
coulomb of charge flows in one second.

So,

Current, I =

1.3 Electric Potential
A body is neutral under ordinary conditions, i.e., it contains the same number of
protons and electrons so that the total positive charge of protons is exactly
neutralized by the total negative charge of electrons. A body can be charged by
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removing the electrons from it or by supplying the electrons to it. Work is done in
this process because electrons have to be removed or supplied against the opposing
forces. This work done is stored in the body in the form of potential energy. The
charged body has the capacity to do work by moving other charges either by
attraction or by repulsion. This ability of the charged body to do work is called
electric potential.
Thus, the capacity of a charged body to do work is called electric potential.
The greater the capacity of a charged body to do work, the greater is its electric potential. Obviously, the work done to charge a body to 1 C will be a measure
of its electric potential, i.e.,
Work done
W
Q
Charge
The work done is measured in joule and the charge is measured in coulomb.
Therefore, the unit of electric potential will be joule/coulomb, also known as volt
(V). If W = 1 J, Q = 1 C, then V = 1/1 = 1 V.
Thus, when we say that a body has an electric potential of 5 V, it means that
every coulomb on a charge possesses an energy of 5 J.
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Electric potential, V =
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The difference in the potentials of two charged bodies is called potential
difference.
If two bodies have different electric potentials, a potential difference exists
between the bodies. Consider two bodies A and B having potentials of 5 V and
3 V respectively as shown in Fig. 1.2(a). Each coulomb of charge on body A has
energy of 5 J while each coulomb of charge on body B has energy of 3 J. Clearly,
body A is at higher potential than body B.

Fig. 1.2 Potential difference and flow of current

If the bodies A and B are joined through a conductor [see Fig. 1.2(b)], then electrons will flow from body B to body A. When the two bodies attain the same
potential, the flow of current stops. Therefore, we arrive at a very important conclusion that current will flow in a circuit only if potential difference exists. No
current will flow if there is no potential difference. It may be noted that potential
difference is sometimes called voltage.
A device that maintains potential difference between two points is said to
develop electromotive force (emf ). A simple example is that of a cell or dc
generator. Thus, potential difference causes current to flow while an emf maintains
the potential difference.
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The opposition offered by a substance to the flow of electric current is called
resistance.
Since current is the flow of free electrons, resistance is the opposition offered
by the substance to the flow of free electrons. This opposition occurs because
atoms and molecules of the substance obstruct the flow of these electrons. Certain substances (e.g. metals such as silver, copper, aluminium) offer very little
opposition to the flow of electric current and are called conductors. On the other
hand, the substances that offer high opposition to the flow of electric current (i.e.
flow of free electrons) are called insulators, e.g., glass, rubber, mica, dry wood.
The resistance of a conductor has the following characteristics:
(i) It is directly proportional to the length of the conductor.
(ii) It is inversely proportional to the area of cross section of the conductor.
(iii) It depends on the nature of the material of the conductor.
(iv) It also depends on the temperature of the conductor.
Hence, if R is resistance of a conductor of length l and cross-sectional area A, then
Rµ
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l
l
or R = S
A
A
where r is a constant known as specific resistance or resistivity of the material of
the conductor.
The specific resistance of a material is defined as the resistance offered by unit
length of the material of unit cross section. If the length is in metre and the cross
section is in square metre, then the resistivity is expressed in ohm metre (W m).
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1.5.1 Effect of Temperature on Resistance

O

In general, the resistance of a material changes with the change in its temperature. The effect of temperature upon resistance varies according to the type of
material as discussed below.
(i) The resistance of pure metals (e.g., copper, aluminium) increases with the
increase in temperature. The change in resistance is fairly regular for normal
range of temperatures so that temperatureresistance graph is a straight
line as shown in Fig. 1.3 (for copper). Since the resistance of metals increases
with rise in temperature, they have positive temperature coefficient of
resistance [see Eq. (1.2)].
(ii) The resistance of electrolytes, insulators (e.g., glass, mica) and semiconductors (e.g., germanium, silicon) decreases with the increase in temperature. Hence, these materials have negative temperature coefficient of resistance [see Eq. (1.2)].
(iii) The resistance of alloys increases with the rise in temperature but this
increase is very small and irregular. For some high-resistance alloys (e.g.,
eureka, manganin) the change in resistance is negligible over a wide range
of temperatures.
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