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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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Part A

 Chapter 1

Basic Electronics for
Telecommunication Engineering

Energy Bands :
The behaviour of metals, insulators and semi-

conductors can be described on the basis of energy
bands.

In a single atom, the orbiting electrons possess
certain discrete energies. They occupy the lower
energy  levels  and  obey  the  Pauli  exclusion
principle. In a solid the situation is like this. When
a  large  number  of  atoms  come  nearer  and  are
closely packed together in a solid, the energy
levels become bands of energies. Thus an energy
band is formed by a large number of discrete but
closely spaced energy levels.

Valence Bands :
The band of energy levels corresponding to

the valence electrons is called the valence band. It
is the highest occupied band and may be either
completely filled or partially filled with electrons
but can never be empty.

Conduction Band :
The electrons which have left the valence

band are called conduction electrons. They practi-
cally leave the atom or are only weakly held to
nucleus.

The energy band occupied by these electrons
is called the conduction band.

Forbidden band/ Gap :
The valence band is separated from the con-

duction band by a band or a gap of energy known
as forbidden energy gap or forbidden energy band.

Classification   of   Solids    on   Energy
Bands :

(1) Energy band in metals (conductor) : In
case of good conductor the valence band and the

conduction band overlap each other. The forbid-
den gap is non-existent and there is no physical
distinction between the two bands.

(2) Insulator (Bad conductor) : In an insula-
tor the valence band is completely filled and there
exists  a  large  forbidden  energy  gap  between
valence and conduction band. In a good insulator
the gap is 5 eV or more. The chance of an electron
to jump to C. B. from V. B. is very remote. The
conductors band is almost empty.

(3) Semiconductors : In semiconductors as in
insulators, the  valence  band is  completely  filled.
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But in this case the width of forbidden gap
between C. B. and V.B. is of the order of 1 eV. At
low temperature (∼— 0K) virtually no electron can
reach the conduction band. Thus these substances
are insulator at low temperatures.

At normal room temperature there is small
but significant chance of an electron to jump over
to conduction band. Thus on very small proportion
(about 1 is 1010) of electrons go over to conduc-
tion band.

Semiconductors possess the
following Characteristics

(1) The resistivity is usually high.
(2) The temperature co-efficient of resistance

is always negative.
(3) The contact between a semiconductor and

a metal forms a layer which has a higher resis-
tance in one direction than the other.

(4) When some suitable metallic impurity
(i.e. Arsenic, Gallium) is added to a semiconduc-
tor, its conducting properties change appreciably.

(5) They exhibit a rise in conductivity with the
increasing temperature, with the decreasing tem-
peratures their conductivity falls off, and at low
temperatures semiconductors become dielectrics.

(6) They are usually metallic in appearance
but are generally hard and brittle.

Examples of Semiconducting Materials
Of all the elements in the periodic table,

eleven are semiconductors which are given as
below—

Elements Symbol Group in the
periodic table

Atomic
No.

01. Boron B III 15
02. Carbon C IV 6
03. Silicon Si IV 14
04. Germanium Ge IV 32
05. Phosphorus P V 15
06. Arsenic As V 33
07. Antimony Sb V 51
08. Sulphus S VI
09. Sellinium Se VI
10. Tellurium Te VI
11. Iodine I VIII

� Examples of semiconducting compounds :
(1) Alloys : Mg3Sb2, ZnSb, Mg2Sn, CdSb,

AlSb, InSb, GeSb.

(2) Oxide : ZnO, Fe3O4, Fe2O3,Cu2O,CuO,
BaO, CoO, Al2O3, TeO2, UO2, Cr2O3,
WO2, MoO3.

(3) Sulphides : Cu2 S, Ag2S, PbS, ZnS, CdS,
HgS, MoS2.

(4) Halides : Agl, Cul.
(5) Selenides  and Tellurides

Circuit :
A conducting path through which an electric

current either flows or is intended to flow is called
circuit. The various elements of an electric circuit
are called parameters (i.e., resistance, inductance
and capacitance).
� Linear circuit : The circuit whose parameters

are constant (i.e., they do not change with
voltage or current) is called a linear circuit.

� Non-linear circuit : The circuit whose para-
meters change with voltage or current is
called a non-linear circuit.

� Unilateral circuit : A unilateral circuit is one
whose properties or characteristics change
with the direction of its operation (i.e., diode,
rectifier).

� Bilateral Circuit : It is that circuit whose
properties or characteristics are same in either
direction.

Electric network :
An electric network arises when a number of

parameters or electric elements co-exist or com-
bine in any manner or arrangement.
� Active network : An active network is one

which contains one or more than one sources
of e.m.f.

� Passive network : A passive network is one
which does not contain any source of e.m.f.

� Branch : The part of a network which lies
between two junctions is called branch.

Kirchhoff’s  laws :
For complex circuit computations, the follow-

ing two laws first stated by Gutsav R. Kirchhoff
(1829–1887) are indispensable.

First law (Point or Current law) : It states
as follows  :

“The sum of the currents entering a junction
is equal to the sum of the currents leaving the
junction.”

i.e.,  ∑ currents entering  = ∑ currents leaving
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Second law (Mesh or Voltage law) : It states
as follows.

“The sum of e.m.fs. (rise of potential) around
any closed loop of a circuit equals the sum of the
potential drops in that loop.”

Considering  a  rise  of  potential  as  positive
(+ ve) and a drop of potential as negative (– ve),
then algebraic sum of potential difference
(voltages) around a closed loop of a circuit is zero.

i.e., ∑ E – ∑ IR drops  =  O (around closed loop)

      ∑ E  =  ∑ IR

       ∑ potential rise =  ∑ potential drops

Applications of Kirchhoff’s Laws :
Kirchhoff’s laws may be employed in the

following methods of solving networks :

1. Branch–current method.

2. Maxwell’s loop (or mesh) current method.
3. Nodal Voltage method.

Superposition theorem :
This theorem may be stated as follows :
In any network containing more than one

sources of e.m.f. the current in any branch is the
algebraic sum of a number of individual fictitious
currents, each of which is due to the separate
action of each source of e.m.f., taken in order
when the remaining sources of e.m.f. are replaced
by conductors, the resistances of which are equal
to the internal resistances of the respective
sources.”

Compensation theorem :
The compensation theorem is particularly

useful for the following purposes :

(1) To calculate the sensitivity of a bridge
network.

(2) To analyse those networks where the
values of the branch elements are varied and for
studying the effect of tolerance on such values.

This theorem is stated as follows :

“ If a change, say ΔR, is made in the resis-
tances of any branch of a network when the
current was originally, I, then the change of
current at any other point in the network may be
calculated by assuming that an e.m.f.–I ΔR has
been introduced into the changed branch while all
other sources have their e.m.fs. suppressed and are
represented by their internal resistances only.”

Reciprocity theorem :
This theorem is stated as follows : “In any

linear bilateral network, if a source of e.m.f., E in
any branch produces a current I in any other
branch then the same e.m.f. acting in the second
branch would produce the same current I in the
first branch.

Millman’s theorem :
This theorem is stated as follows :
“Any number of current sources in parallel

may be replaced by a single current source whose
current is the algebraic sum of individual source
currents and source resistance is the parallel
combination of individual source resistances.”

Specific resistance :
Specific resistance or electrical resistivity of

the material of a conductor is the resistance
offered by a wire of this material of unit length
and unit area of cross-section.

The resistance of a conductor (R) is directly
proportional to the length (l) of the conductor and
is inversely proportional to the area of cross-
section (A) of the conductor.

i.e. R ∝ 
l
A

 or R = ρ 
l
A

  where the constant of

proportionality ρ is called specific resistance of
the conductor.

∴ ρ = R 
A
l

Unit of specific resistance = ohm - metre

Conductance :
The reciprocal of resistance of a conductor is

called its conductance. It is denoted by C. Thus
conductance of a conductor having resistance R is
given by

C  =  
1
R

S. I. unit is mho  =  simen.

Conductivity :
The reciprocal of resistivity or specific

resistance of the material of a conductor is called
its conductivity. It is denoted by σ.

Thus  σ  = 
1
ρ

Its S. I. unit is ohm–1 metre–1  =  mho/metre
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