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1.1

1.2

Introduction to

Engineering Materials

INTRODUCTION

CHAPTER

Material science is a branch of applied science concerned with investigating the relationship existing
between the structure of materials and their properties. It is an inter-disciplinary study of materials for entirely
practical purposes.

For any kind of product every engineer is vitally concerned with the materials available to him. While
making a choice of material for a particular product an engineer must be aware of basic atomic structure of the
materials and take into account such properties as strength, electrical conductivity, thermal conductivity, density
and others. We shall learn in this set about properties of those materials which have great importance from
electrical engineer’s point of view.

CLASSIFICATION OF ENGINEERING MATERIALS

From material science point of view materials may be classified under following broad groups:

(i) Metalsand alloys

e  Metals are familiar objects with a characteristic
appearance; they are capable of changing their
shape permanently, and have good thermal
and electrical conductivity.

e Analloyis acombination of more than one metal.

e Ceramics and glasses are non-metallic
inorganic substances, which are brittle and have
good thermal and electrical insulating properties.

e Organic polymers are relatively inert and light,
and generally have a high degree of plasticity.

Figure lists typical examples from each of these

three groups of materials. In addition, examples

of materials which lie between two groups are also shown.

(iiy Ceramics and glasses

(iii) Organic polymers

Metals and Alloys
Steels, aluminium, copper,
silver, gold
Brasses, bronzes, manganin,
invar
Superalloys
Boron rare earth
magnetic alloys

Organic Polymers
Plastics: PVC, PTFE,
Polyethylene
Fibres: Terelene, nylon,
cotton
Natural and synthetic
rubbers, leather

Ceramics and Glasses
MgO, CdS, AL,O,, SiC,
BaTiO4
Silica, soda-lime-glass,

concrete, cement
Ferrites and garnets
Ceramic
superconductors

Glass fibre-reinforced plastics

Fig. : Three major groups of engineering materials
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OBJECTIVE
BRAIN TEASERS

The Miller indices are same for
(a) perpendicular planes

(b) crystal planes

(c) parallel planes

(d) three crystallographic axes

When BCCiron is heated, it changes to FCCiron
resulting in

(a) increase in volume of unit cell
(b) contraction in volume of unit cell
(c) nochange in volume of unit cell
(d) cracks inthe material

A crystal lattice, the vacancies created by the
absence of certain atoms are known as

(a) Hurtz defect (b) Pauli's defect
(c) Frankeldefect (d) Schottky defect

Consider the following statements with regard to
FCC structure:

1. Number of nearest neighbour atoms is
twelve.

2. Packing efficiency is 0.74.

3. There is an atom at the body centre of the
unit cell.

Which of the statements given above is/are
correct?

(@ 1,2and 3 (b) 1and 2
(c) 2and 3 (d) 1and 3

The atomic packing factor for body centric cubic
is

(a) 0.52 (b) 0.62
(c) 0.68 (d) 0.74
Match List-I (Atoms) with List-Il (Corresponding

Cubic Crystal Structure) and select the correct
answer using the codes given below the lists:

List-I :

A. Silicon

B. Gold

C. Magnesium
D. Maganese

oo racwace P

Q7

Q9

Electrical Materials
Introduction to Engg. Materials
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List-11 :

Simple cubic structure

Body centered cubic structure
Face centered cubic structure
Diamond cubic structure

N

. Hexagonal closed packing
Codes:

b)
c)
d 5 3 4 2

Miller indices of the shaded figure in structure
given below is
z

- w b~ >
N~ W o m
w N oo
A 0= O

(
(
(
(

——B—

0
N

/A
(0,0 +B/3 Y
X
B 1
A—,C -1 =,
(@) +A5 (b) -1
(©) —A,g,w (d) -1,3,0

The unit cell of a certain type of crystal is defined
by 3 vectors & b and &. The vectors are
mutually perpendicular but a = b # ¢. The
crystalline structure is
(@) Triclinic (b) Tetragonal

(d) Orthorhombic

In a silicon crystal, the arrangement of atoms
repeats periodically. This type of material is
classified as

(c) Monoclinic

(a) Amorphous and non-crystalline
b) Non-crystalline and epitaxial
Epitaxial and single crystal

(
(©)
(d)

Amorphous and single crystal

MRDE ERSYH
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ANSWERS KEY

1. (o) 2. (b) 3. (d) 4. (b) 5. (c)
6. (a) 7. (d) 8. (b) 9. (o 10. (c)
1. (d 12. (@ 13. (d) 14. (d) 15. (a)

16. (d) 17. () 18. (b)

HINTS & EXPLANATIONS

1. [8

The number of open-loop poles in RHS are P=0.

[ 2 [

APFof BCC = 0.68
APFof FCC = 0.74

;
= Volume of unit cell

and APF

4 [

In FCC structure, there are atoms at the centre
of each face and at every corner.

(d)

Intercepts made by plane on 3 axis

= -A E oo
-.Miller indices
= -1,3,0

A3

oo racwace P

Electrical Materials
Introduction to Engg. Materials 39

KN ©

A crystal has periodicity of atoms.

1. [C)

All of the above statements are correct.

[ 15. [B)]

Electronic polarization is independent of
temperature.

[ 16. [T

Given lattice constant a : 8 A

Distance between the two atoms is equivalent to
nearest neighbour distance

For diamond structure

Nearest neighbour distance = @a

Distance between two atoms

- @xS - 2J3A=346A

VA (c)

e The smallest group of atoms which when
repeated regular to form crystal is unit cell.

e Closed hexagonal space lattice is found in
Cobalt, antimony and bismuth.

[ 18. [

If dislocation density is high, mechanical
strength of material decreases.

CONVENTIONAL BRAIN TEASERS

Q1 Molybdenum has the BCC crystal structure, a density of 10.22 gcm= and an atomic mass of
95.94 g mol-'. Find the atomic concentration, lattice parameter a, and atomic radius of molybdenum?

1. &)

e Since molybdenum has BCC crystal structure, there are 2 atoms in the unit cell.

MRDE ERSYH
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CHAPTER

Dielectric Properties

of Materials

When classifying solids on the basis of their band structure, we referred to the group of solids, called
insulators, which have an energy gap of 3 eV or more. Electrical insulators have very few electrons to take partin
normal conductivity. Such materials have interesting electrical properties because the applied electric field creates
electric dipoles and the material becomes polarized. Materials in which polarization effects are important are
called dielectrics. In another words we can say that the insulating materials used for storage of charge are known
as dielectric materials.

2.1 DIELECTRIC

A dielectric is a non conducting material which can be polarized by an electric field. If the main function
of non-conducting material is to provide electrical insulation, then material is called insulator. If the main function
of non-conducting material is to provide storage of charge material is called dielectric.

2.1.1 Dielectric Parameters

There are four parameters to study the behaviour of dielectric materials as listed below:
e Dielectric constant (€ ) e Dipole moment (p)
e Polarization (P) e Polarizability (o)

2.1.2 Dielectric Constant

Consider a parallel plate capacitor, with the area of the plates as a-meter? each, a distance d-meter

apart in vacuum. The capacitance of this capacitor is
_ €0 A
G == (1)

€, is dielectric constant or permittivity of vacuum and € , = 8.854 x 1072 Farad/meter.

If the space between the plates is filled with a dielectric material, the capacitance of the capacitor
increases and is given by

A
0_70’ -(2)

MRDE ERSYH Theory with
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The alignment of the permanent dipoles with the electric field depends upon the shape of
the solids and the interaction of the molecules.

In Solid Nitrobenzene (C;H;NO,), dipoles are frozen and so effect of orientation is negligible
so, o, =0and £, =0.

Debye’s generalization is applicable only for gases.

Piezoelectric materials can act as transducers because a mechanical strain induces an
electric field and conversely, an electric field induces a mechanical strain or a dimensional
change.

Almost all LCD devices use “nematic liquid crystals”.

Piezoelectric crystals are also called “charge amplifier”.

In a transformer, the core material should have low coercivity and retentivity.
Piezoelectricity is the reverse effect of “Electrostriction”.

Effective ‘Q’ of the equivalent electrical circuit of quartz crystal is of the order of 20,000.

Lorentz-Lorentz equation is applicable only for electronic polarizability.

4 OBJECTIVE 4
BRAIN TEASERS

Condition under which spontaneous polarization
in a dielectric occurs is

2 2
@ My N
€0 €
2
© Mev -y @ Dy
€0 €o

lonic bonding in solid depends primarily on

(a) Vander Waal’s forces

(b) Electrical dipole Q5
(c) Sharing of electrons

(d) Transfer of electrons

Consider the following statements:

1. lonic polarisation is effective upto visible
frequency range.

2. Electronic polarization is effective upto
infrared frequency range.

3. Orientational polarisation is effective upto
radio frequency range.

Which of the above statement/s is/are incorrect?  qg
(b) 1and 2
(d) 1and 3

(@ 1only
(c) 2and 3

Assertion (A): Electronic polarization is
independent of temperature.

Reason (R): It is found in materials having no

interaction among the molecules.

Of these statements:

(a) Both A and R are true and R is the correct
explanation of A.

(b) Both A and R are true but Ris not a correct
explanation of A.

(c) Aistrue but R is false.

(d) Ais false but R is true.

Consider the following statements:

The dielectric constant of an insulator depends

on

1. appliedvoltage

2. frequency of the alternating field applied

3. temperature

4. maximum current density in insulator

Select the correct answer using the codes given

below:

(@) 1and 2 (b) 1and 3

(c) 2and 3 (d) 3and 4

Consider the following statements related to

ferroelectric materials above the Curie
temperature:

MRDE ERSYH
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