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PREFACE

Success in examinations depends on proper planning of studies and appropriate
selection of study materials. The pattern of examinations become tough. This is the
reason that a right choice of study materials plays a very important role. This book
cover thoroughly all the basics of the whole course as well as present to the
examinee a wide spectrum of the multiple choice questions having a huge variety.
The author has made a sincere attempt in this direction in the present book. Various
unique features of the book are as under for example :

☛ A brief review of concepts at a glance covering all fundamentals and important
conclusions are given at the start of every chapter.

☛ Chapters are classified under different units.

☛ Multiple choice questions in every chapter are arranged in a systematic and
sequencial way covering the whole text and spectrum of the chapter.

☛ Answers are provided at the end of every chapters.

☛ Model Test Papers covering the whole syllabus are also provided at the end of
the book again with their answers. These papers will prove to be fit for examina-
tion and provide a chance to students in assessing their level of preparation.

The present book is self-sufficient in all respects.

I am thankful to my wife Mrs. Rita Mishra who has put a hard labour in reading the
proofs thoroughly and pointing out errors and omissions. My sincere thanks are also
to publisher Mr. Mahendra Jain who gave me a chance to write this type of books.
This edition is a nice form.

Although all attempts have been made to avoid errors and printing mistakes, but
omissions are a human weakness and, therefore, constructive suggestions, modifica-
tions and errors brought to my notice will be highly appreciated and incorporated in
the next edition.

—Pramod Kumar Mishra
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1 BASIC ELECTRICAL ENGINEERING

ELECTROSTATICS AND CURRENT
ELECTRICITY

● Electric   Charge—Amber,   glass,   ebonite,
sulphur  etc.  on  being  rubbed  attract  light
bodies. This property in materials is deve-
loped due to electrification by friction. On
acquiring this property the material is said to
be electrified and this property is called Elec-
tricity.
On being electrified material acquires charges.
Electrified material is called charged material.
Charges are of two types.
1. Positive charges
2. Negative charges

● Coulomb's Law—According to this law, the
force of attraction or repulsion between two
stationary point, charges are directly propor-
tional to the product of the charges and
inversely proportional to the square of the
distance between them

F ∝
q1q2

r2

or                  F = K 
q1q2

r2  

where K = constant = 9 × 109 
Nt. × m2

coul2

and F = 9 × 109 
q1q2

r2  newton

and              F =
1

4πε0
 
q1q2

r2  

where ε0 is permittivity of free space and its
value is  8·86 × 10–12 coul2 /(Nt.m2).

● Electric Field—It is the region surrounding
an electric charge or group of charges, in
which another charge experiences a force of
attraction or repulsion.

● Electric lines of force—An electric line of
force is that imaginary smooth curve drawn in
an electric field along which a free, isolated
unit positive charge moves.

Properties—

(i) Electric lines of force start from a posi-
tive charge and end on a negative charge

(ii) No two lines of force can intersect each
other because if they do so then at the
point of intersection two tangents can be
drawn which would mean two directions
of the force at that point which is
impossible.

(iii) These lines have a tendency to contract
in length like a stretched elastic string.

(iv) These lines have a tendency to separate
from each other in the direction perpen-
dicular to their lengths.

(v) Lines of force of a uniform field are
parallel.

(vi) Lines of force leaves the surface of con-
ductor normally.

● Intensity of Electric field—The intensity of

Electric field 
→
E  at a point in an electric field

is the ratio of the force acting on the test-
charge placed at that point to the magnitude
of the test charge.

Dimensions-E = 
newton

coulomb

=
kg × metre-sec–2

ampere × sec.

= kg × metre × sec–3 × ampere–1

= [MLT–3A–1]

● Charge Density—There are three types of
charge densities.
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(i) Linear    charge    density    (λλλλ)—It   is
defined as charge per unit length i.e.,

λ = 
q
l
. unit = coulomb/metre and dimen-

sion = [ATL–1]

(ii) Surface   charge   density   (σσσσ)—It   is
defined   as   charge  per  unit   area  i.e.,

σ = 
q
A

. unit = coul/metre2 and dimension

= [ATL–2].
(iii) Charge density (ρρρρ)—It is defined as

charge per unit volume i.e., ρ = 
q
V

. unit

= coul/metre3 and dimension = [ATL–3].
● Electric flux—Electric flux is defined as the

total number of lines of force passing normally
through a curved surface placed in the field or

the dot product of 
→
E  and normal area  

→
dS .

Thus

φE = ∫ →
E . 

→
dS 

Unit =
newton × metre2

coul.

or Volt . metre

Dimension = [ML3T–3A–1].

GAUSS'S LAW
This law gives a relation between the electric

flux through any closed hypothetical surface
(called a Gaussian surface) and the charge enclo-
sed by the surface. It states that the electric flux φE

through any closed surface is equal to 
1
ε0

 times the

net charge 'q' enclosed by the surface i.e.,

φE = ∫ →
E . 

→
dS = 

q
ε0

This is the integral form of Gauss's Law.

● Electric   dipole—An   electric  dipole   is   a
system formed by two equal and opposite
point charges placed at a short distance apart.

● Dipole Moment—The product of one charge
and the distance between the charges is called
'Electric dipole moment' P. Suppose the
charges of dipoles are –q to +q coulomb and
the distance between them is 2l metre. Then
the electric dipole moment is

P = q × 2l = 2ql.

● Electric Potential—The electric potential at
a point in an electric field is the ratio of the
work done in bringing a test-charge from
infinity to that point to the magnitude of the
test charge. If the work done in moving a test-
charge q0 from infinity to that point against
the field is W. Then

V =
Lim

q0→0 
W
q0

● Potential   Gradient—Rate   of   charge   of
potential with respect to distance is called

potential gradient. It is represented by 
dV
dr

.

● Electric   potential   energy—The   electric
potential energy of a system of charges is the
work that has been done in bringing these
charges from infinity to near each other to
form the system.

The potential energy of a system of charges
q1 and q2 separately by a distance 'r' apart is

V =  
q1q2

4πε0r
 .

● Capacitance of a conductor—When a con-
ductor is given a charge, its electrical
potential rises in proportion to the charge
given. Thus if a charge q raises the potential
of the conductor by V then,

q ∝ V  or  q = CV 

where C is a constant and known as capacity

of the conductor.  C = 
q
V

   unit = Farad.

● Capacitor—A capacitor is an arrangement
which can store sufficient quantity of charge.
Suppose on giving a charge q to a capacitor,
the electric potential of the capacitor becomes
V. Then the capacitance of the capacitor is

C = 
q
V

 .

Thus the capacitance of a capacitor is defined
as the ratio of the charge given to a plate of
the capacitor to the potential difference
produced between the plates.
The capacitance of a capacitor depends upon
the following factors :
(i) On the area of the plates
(ii) On the distance between the plates
(iii) On the medium between the plates.
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● Dielectric constant—The dielectric constant
of a material is the ratio of the capacitance of
a capacitor filled with that material to the
capacitance of the same capacitor with
vacuum (or air)

i.e. 
Cmedium

Cair
 = K.

● Combinations of Capacitors—There are two
combinations of condensors—
(1) In Series—

For series combination 
1
C

 = 
1
C1

 + 
1
C2

 + 
1
C3

 

(2) In Parallel—

For parallel combination C = C1 + C2 + C3

● Wheatstone Bridge for capacitances—

If four condensors C1, C2, C3, C4 are arranged
in a closed loop ABDE and the condensor C5

rests as a bridge between two diagonally
opposite corners B and E of the bridge, then,
the bridge is said to be balanced if

C1

C2
=  

C3

C4

In the balanced state of the bridge there is
(a) No potential difference between the points
B and E of the bridge.
(b) No charge on C5, therefore it may be
assumed that C1 and C2 are in series and C3

and C4 are in series. The combined capacities
of these two branches are in parallel.

● Dielectric Polarisation—The stretching of
dielectric atoms due to displacement of
charges in the atoms under the action of
applied electric field is called polarisation.

● Electric Current—Rate of flow of electric
charge through any point of the circuit is
called electric current.
If a charge q flows through the circuit for

time 't' then I = 
q
t

current is scalar quantity
Units of electric current are Ampere

1 ampere = 
1 coulomb

1 sec
 ≡ flow of 6·25 × 1018

electrons/sec.
● Current density—Current flowing normally

through unit area of cross-section is called
current density. It is a vector quantity and is
represented by j. Unit of j are ampere m–2 and
dimension are [AL–2].

● Atomic View of Conductor—
(i) Every conductor contains a large num-

ber of 'Free electrons' or 'Conduction
electrons'.

(ii) The free electrons can move in between
inter-atomic spaces.

(iii) The irregular velocity of these electrons
is given by

Vrms = ( )3kT
m

   = 10+5 m/sec.

m  = mass of electron, k = Boltzmann
constant
T = absolute temperature.

(iv) The free electrons collide with each
other. The collisions are elastic i.e., there
is no loss of energy during collison.

(v) The distance travelled between two
successive collisions is called free path
and the average of all the free paths is
called the mean free path.

(vi) Time taken between two successive
collisions is called relaxation time. It is
of the order of 10–14 sec.
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