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Electrical Materials

Revised Syllabus of ESE: Electrical engineering materials, crystal structures and defects, ceramic materials,
insulating materials, magnetic materials-basics, properties and applications, ferrities, ferro-magentic materials and

components, basics of solid state physics, conductors, photo-conductivity, basics of nano materials and superconductors.

1. Introduction to Engineering Materials

m What is the basis for classifying a material as a conductor, semi-conductor or a dielectric? What is
the conductivity of a perfect dielectric?
[12 marks : 2002]

Solution:
Classification of insulators, metals and semiconductors are mainly by its conductivity and its temperature
coefficient of resistivity.

Conductor:

In which conduction band and valence band are overlapping and there is no band gap,
between them (AEg = 0). Due to this large number of electrons available for electrical conduction and therefore
its resistivity is low and temperature coefficient of resistivity is positive (p = 102 Qm to 1078 Qm).

Insulator:
In which energy gap is large (Eg > 3eV). Soin conduction band there are no electrons and so no electrical
conduction is possible. Here energy gap is so large that electrons cannot be easily excited from the valence
band to conduction band by any external energy.

p = 108Q-m
Temperature coefficient of resistivity is negative
Semiconductor:
In which a finite but small band gap (Eg < 3eV) exists. Due to this small band gap some electrons can be
thermally excited to “conduction band”. These thermally excited electrons can move in conduction band and
can conduct current, their resistivity is in medium range. Its p = 10° — 10 Qm. temperature coefficient of
resistance is negative. Conductivity of a perfect dielectric is zero.

m Write the notable shortcoming of the free electron model. How it is overcome by band-theory of
solids? Sketch the energy bands of diamond. With the help of energy band diagram, explain an
insulator.

[12 marks : 2003]

Solution:
In free electron theory developed by Arnold Sommerfeld we assume that the electron to be completely free.
But it fails mainly because most electrons are not completely free. They interact with
(i) lattice (i) with each other (iiy impurities
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Drude incorporated into his model in the form of a hard sphere interaction but completely neglected the other
interactions Sommerfeld made some corrections to this purely classical model by ensuring that the electron
gas obey fermi statistics. This faced some problems (like the overestimate of the electronic heat capacity
but still didn’t cover for the missing interaction in the model. Due to its limitations, the free electron model
was unable to account for things like magnetoresistance, thermal dependence of conductivity, optical properties
and the host of many body phenomenon that result from electron-electron interaction being of importance.
In band theory of e s, A solid is assumed to contain many bands in which electrons in it are packed. The
most important are valence band and conduction band. The energy of electrons in these bands will be
different. The difference in valence band and conduction determines whether solid is a conductor, semi-
conductor, or insulator.

So it clearly explains the dependency of conductivity on temperature which can’t be explained by free e
theory. When temperature increases, the energy of e sincreases, so e s started to jump from valence band
to conduction so conduction of e S changes with temperature in CB so as conductivity changes with temperature.
It also explains many other properties like optical, magneto resistance etc. easily so shortcomings of free e~
theory is overcome by band theory in which we assume that there is an interaction between e~ s only when
energy state of different e~ sis different. The interaction of e~ with lattice and impurities are taken into account.
Diamond is the crystalline form of carbon and is of interest because it lies in the same period and has the
same type of bonding as silicon and germanium. The shape of the energy-band structure of diamond as a
function of atomic spacing is shown in Fig. (a), it is shown that there is a crossover point at which two of the
2 P states form a band with the two 2S state, thus making available a band with four available states. The
remaining four of the total of six 2 P states off and form a higher band of their own. At normal atomic spacing,
the forbidden gap between the higher and lower bands is wide. Since there is a total of four electrons in the
2 S and 2 P states of carbon, all these electrons are used up in filling the lower band. The upper band is left
empty, and hence diamond is a very good insulator. Fig. (b) shows the stable energy level of diamond.

é 4 — 2P states
T 2P Forbidden
> energy
o 28 band
c
. i
2 — 28 states
2 — 2P states
RO
Lattice spacing R —
(a) The energy levels in the tetrahedral (b) The stable energy level of the
of diamond as a function of lattice spacing. diamond crystal.
m Distinguish between metals, insulators and semiconductors. [12 marks : 2007]

Solution:
According to Energy Band Theory:

CB J CB CB‘ \
Overlapping

Area ‘ Tev
3eV
VB

Conductor Semiconductor VB ' |

e.g. (Cu, Fe, Al, Na etc.) e.g. (Si, Ge, GaAs etc.)

VB
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Classification of insulators, metals and semiconductors mainly by its conductivity and its temperature
coefficient of resistivity.
Conductor:
In which conduction band and valence band are overlapping and there is no band gap, between them it
AEg = 0. Due to this large number of electrons available for electrical conduction and therefore its resistivity
is low and temperature coefficient of resistivity is positive (p = 102 to 108 Q-m).
Insulator:
In which energy gap is large (Eg > 3eV). Soin conduction band there are no electrons and so no electrical
conduction is possible. Here energy gap is so large that electrons cannot be easily excited from the valence
band to conduction band by any external energy.

p = 108Q-m
Temperature coefficient of resistivity is negative.
Semi-conductor:
In which a finite but small band gap (Eg < 3eV) exists. Due to this small band gap some electrons can be
thermally excited to “conduction band”. These thermally excited electrons can move in conduction band and
can conduct current, their resistivity is in medium range. Its p = (10° to 10'%) Q-m temperature coefficient of
resistance is negative. Conductivity of a perfect dielectric is zero.

m Explain with the diagram band structure of metals, insulators and semiconductors.
[10 marks : 2013]

Solution:

Conduction

" band TN

band

/ Free
Forbidden electrons

[ X ]
Eg=6eV «~ band ™ JEg=1ev

\ Holes

Conduction

of /e

O O

Valence
L~ band ™

I
Valence band

[

Fig. (a) Fig. (b) Fig. (c)

Insulators:

e Aninsulating material has an energy band diagram as shown in figure (a).

e |t has a very wide forbidden-energy gap (~ 6 eV) separating the filled valence region from the vacant
conduction band. Because of this, it is practically impossible for an electron in the valence band to jump
the gap, reach the conduction band.

e Atroom temperature, an insulator does not conduct. However it may conduct if its temperature is very
high or if a high voltage is applied across it. This is termed as the breakdown of the insulator.

e Example: diamond.

Semiconductors:

e Asemiconductor has an energy-band gap as shown in figure (b).

e At 0°K semiconductor materials have the same structure as insulators except the difference in the size of
the band gap E, which is much smaller in semiconductors (E; ~ 1 eV) than in insulators.

e Therelatively small band gaps of semiconductors allow for excitation of electrons from the lower (valence)
band to the upper (conduction) band by reasonable amount of thermal or optical energy.

e The difference between semiconductors and insulators is that the conductivity of semiconductors can
increase greatly by thermal or optical energy.

e Example: Ge and Si.
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Metals:

e Thereis no forbidden energy gap between the valence and conduction bands. The two bands actually
overlap as shown in figure (c).

e Without supplying any additional energy such as heat or light, a metal already contains a large number
of free electrons and that is why it works as a good conductor.

e Example: Al, Cu etc.

m State three effects of moisture on insulation and explain any two methods adopted to protect them
against moisture along with salient features.
[12 marks : 2017]

Solution:

The effect of moisture on insulation:

(i) Change in electrical properties: Moisture absorbed by the insulation causes a decrease in the volume
resistivity, and especially surface resistivity, an increase in the dissipation factor and a certain increase
in dielectric constant, a reduction in the dielectric strength due to change in field distribution within the
insulating material. Under high humidity and electric tension current, conducting bridge may appear
across the surface of the insulating material. In some cases the thin films formed by the moisture on
insulating material dries up when the equipment is working. Such places get a carbonized spot. Such
carbonized spot may join together with time and build up a conducting bridge, thus a short-circuit may
result.

(ii) Physical and mechanical changes: Due to high humidity for long time some insulating materials like
plastics polymers and material filled with cellulose fillers swell. The swelling of inner and outer layers of
insulating material are unequal, so small cracks appear on the surface layer, through which moisture
easily penetrates into the material. Mechanical strength of the insulating material looses with moisture.

(iii) Chemical changes: High humidity often causes hydrolysis. For example under the effect of moisture,
linseed base insulating vanishes soften and even change into liquid. This evolves organic acids which
deteriorate other organic materials and bring about intensive corrosion of metals. High humidity favours
the growth of fungi in some insulating materials. The products of life activity formed by fungi degrade
organic insulating materials.

Protection of insulation against moisture:

(i) Impregnation of winding: The windings of all low voltages pieces of equipment are impregnated with
baking varnishes and some time with compounds. This treatment solidifies the windings, increases their
thermal conductivity, improves their electrical and mechanical strength and heat resistance. Impregnating
varnishes and compounds raise the moisture resistance of windings.

(ii) Rendering insulation hydrophobic: Sometimes the insulating materials assemblies are rendered
hydrophobic (or waterproofed) so as to protect them against moisture. This treatment is particularly
effective for polymer containing hydrolysis and for cellulose-base insulating materials. It is a good
practice to render some inorganic materials hydrophobic so as to decrease their wettability and to raise
the surface resistivity of these materials. In addition to old widely used techniques employing asphalts,
bitumens, waxes, waterproofing by means of some hydrophobic silicon compositions free of hydroxyls
and carboxyls is finding ever increasing favour. Paper, cotton fabrics are rendered hydrophobic by
dipping them in the solution of methyl butoxidiamine silane in carbon terrachloride or methyl triethoxisilane
in absolute alcohol.

m Show that the surface area to volume ratio increases with the reduction in radius of nanoparticle.
Plot a graph of surface to volume ratio as a function of radius.
[8 marks : 2017]



MRDE ERSY Electrical Materials 5

Solution:

Surface to volume ratio of nanoparticle relation:

Surface to volume ratio in nanoparticles have a significant effect on the nanoparticles properties firstly,
nanoparticles have a relative large surface area when compared to the same volume of the material.

Let us consider a sphere of radius ‘r. Sphere
The surface area of the sphere, S = 4nr?

and the volume of sphere, V= %nr3

Therefore the surface area to volume ratio,

S_ 4’ 3 S 1
o =

== =
(4 SJr vV or
—qr

3

It means that the surface area to volume ratio increases with the decreases in radius of the sphere and vice-
versa. It can also be concluded that when given volume is divided into smaller piece, the surface area
increases. Therefore as particle size decreases, a greater portion of the atoms are found at the surface
compared to those inside.

For example, a particle of size 3 nm has 50% of its atom on its surface, at 10 nm 20% of its atoms and at
30 nm has 5% of its atoms on its surface.

Therefore nanoparticles have a much greater surface area per unit
volume compared with the large particles. It leads to nanoparticles
more chemically reactive. As growth and catalytic chemical reaction
occur at surfaces, therefore a given mass of nanomaterial will be
much more reactive than the same mass of nano material made up
of large particles. It is also found that material which are insert in
their bulk form are reactive when produced in their nanoscale form.

Surface area to volume ratio
— (SIV)

It can improve their properties. Surface area to volume ratio vs Radius (1)
radius plots.

S 3 S 1

VooV

Determine the diameter of the lead wire to pass maximum super current of 0.0021 mA at 5.0 K. The
critical temperature and critical magnetic field for lead are respectively 7.18 K and 6.5 x 107* A/m.
[8 marks : 2017]

Solution:
Given that:
Maximum supercurrent, I =0.0021 mAat5.0K
The critical temperature = 7.18 K
The critical magnetic field = 6.5 x 104 A/m
2
We know that, Hy = Hy [1— (L) ]
Te

5 2
Hesky = How.gk) {1—(m) }

6.5x 107 [1-0.48494] = 6.5 x 10 (0.51506)
= 3.3479 x 1074 A/m
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Now, maximum current, L = 2nr- HC
0.0021 x 103 = 2nrx 3.3479 x 10°*
-3
Radius of lead wire, po 0002TXM0 7 g 98314104 m

2nx3.3479x 1074
0.99831 x 103 m = 0.99831 mm

So, diameter of the lead wire,
d=2r=2x0.99831 = 1.99662 mm ~ 2.0 mm

m Mention the type of Bravais space lattice, relationship of crystal axial lengths (x, y, z) and relationship
of interaxial angles (a, b, g) in the following order of the crystal system.

(i) Triclinic (ii) Monoclinic
(i) Orthorhombic and (iv) Trigonal
[12 marks : 2018]
Solution:
Crystal System Axial Relationships | Interaxial Angles
Cubic a=b=c a=p=y=90°
Hexagonal a=b#c o= =90°y=120°
Tetragonal a=bzc a=p=y=90
Rhombohedral(Trigonal) a=b=c a=p=y=90°
Orthorhombic azb=c a=p=y=90°
- azb=zc
Monoclinic a=y=90%%p
Triclini
riclinic azb#c 05¢B¢Y¢90°

m Compute the packing efficiency and density of diamond. Consider diamond as diamond cubic (DC)
structure and lattice parameter, a = 3.57 A and mass of atom m = 1.66 x 1027 kg.
[12 marks : 2022]
Solution:

Packing Efficiency of Diamond :
Atoms present at CCP = 4
Atoms present at alternate 7V, =4
So, total number of atoms in diamond,

Z=8
Zx Xt nr®
So, pf= 93 ()

a3

Now to find relation between aand r.
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We know atoms touch corner with TV.

J3a

So, 4 2r

a- % 0
Using (i) in (i), we get,

4 x8x
pf=3 — — =0340r34%
8r
()
To find density :
_Zxm
p= S

Using the values given, m = 1.66 x 102" kg
a=357x10"9m

o - 8x166x10°7
(3.57x10710)3
p = 291 kg/m?3

We get, =0.291 x 10°

EBI) zinc has HCP structure. The height of the unit cell is 0.494 A. The nearest neighbour distance is
0.27 nm. The atomic weight of zinc is 65.37. Evaluate,
(i) The volume of the unit cell.
(ii) The density of zinc
Take NA = 6.0238 x 10%¢ Molecules/Kg Mole.
[12 marks : 2022]
Solution:
Given, Nearest neighbour distance,
a=2r=027nm=0.27 x 10°m
Atomic weight of Z_ = 65.37
The height of the unit cell, h = 0.494 A
(i) Volume of unit cell,
The volume of the HCP unit cell is given by

3J3&%h _ 3J34%h

V=" 2

Substituting the values we get

3J3(0.27 x 10792 x 0.494 x 10710

=9.35x 10739 m3
5 X

V:

(ii) The density of zinc,

Effective number of atom’s in unit cell of HCP,

n==~6
nm

Ny xV
[Where n=6, m=65.37 (given) N, = 6.0238 x 10%]
~ 6 x 65.37
 6.0238x10% x9.35 x 107

Using the relation, p = we have,

~ 69638 kg/m?

P
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m Calculate the value of contact potential and the total width of the depletion region under
unbiased condition of an abrupt silicon P-N junction at 300° K. The intrinsic carrier concentration of
silicon is 1.7 x 106 atoms/m?® and its relative permittivity is 11.8. The junction has acceptor density
N, = 1022 atoms/m3 on P-side and donor density of N, = 102° atoms/m?* on n-side.

Derive the equation used for calculation.
Boltzmann’s constant = 1.381 x 10723 J/°K
Electron charge = 1.602 x 10'° C
[20 marks : 2022]

Solution:
The contact potential of the P-N junction is
KT, [ NN,
Vcontact = Fln(#]
y . 1.881x10™x300 (10 x10%
contact 1.602x 107" (1.7 x10'0)2

¥ ~ 1381><1O23><300 1042
contact — 1.602% 10" 19 032

10
258.6><1O‘4|n( 10 J

21.96 x 258.6 x 10‘4 =0.568V

2 V.
Width of deplection region, W = M(L + i)
q N, N,

\/2><118><885><1o12><o568( 1, )
1.6x107"° 10%% 10
W= 2735x 106 m

m Evaluate the linear density in atoms per mm in the following directions in BCC iron, which has lattice
constant of 2.89 A :

(i) 1 00} (@[t 10 Gyt 1 1]
[12 marks : 2023]
Solution:

(i) BCC Unit Cell :

Vector OAis along [1 0 0]
Length of vector OA = Edge length of cube
=a=289A
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No. of atoms centred on OA = %+% =1atm

So, linear density along OA

e D latom 1atom
o 1001 Length of OA~ 2.89x 10~ mm
= LDy14q = 3:46 x 10° atoms/mm

(ii) Vector OBis along[110]

OB = a2
1D = No. of atoms centred on [110] direction
(o = Length of [110] direction vector
1 1
—+— |atom
_ (2 2) _ latom
OB a2
N LD, .t = 1atom — 2.446 x 108 atoms/mm
mol 2% 2.89%x10'/mm
= LDyyyq = 2.446 x 108 atoms/mm

(iii) Vector ODis[111] along.

OD = {3a
Number of atoms entered on [1 1 1]
= l+1+l =2
2 2
LD, = 22aoms _ 2 atoms — 3.99 x 10° atoms/mm

(] J3a  J3x2.89x10mm
= LDyyyq > 4 X 108 atoms/mm
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m (i) Determine the volume of an HCP unit cell in terms of its a and c lattice parameters.
(ii) Copper has an atomic radius of 0.13 nm, an FCC crystal structure and an atomic weight of
63.5 g/mol. Evaluate its theoretical density and compare the answer with its measured density.

(Take Avogadro number, N, = 6.022 x 1023 atoms/mol).
[10+10 = 20 marks : 2023]

Solution:
(i) HCP unitcellis shown in adjacent figure :

§= 1.633 for HCP

Volume (V) of HCP unit cell = Base area x Cell height (c) o o
= To calculate base area consider following figure :

BC = 2Rcos 30° = ——
= BC:\/§F{
a=2R =» R=2
2

The area of ACDE = CDx BC = 2R x /3R
The base area is just three times the area of the parallelpied ACDE shown above.

Area of base = 3 x Area of ACDE = 3x 2R x~/3R

- V3R - 6\/§x(g)2 _ #é

Hence, volume of unit cell

63

V., = Areax c= T(912 X C = 2.5982%c

(ii) Theoretical density,

b= nAq,
VCNA
where, n = Number of atoms per unit cell
Aq, = Atomic weight of Cu
V,, = Volume of unit cell
3
V,= & = (2J2R)
= V, = 1642R°

4%x63.5

= /cm®
164/2(0.13 x107)% x6.023 x 107 9
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p = 8.48 g/cm? (Theoretical density of Cu)
The literature value (measured value) for the density of Cu is 8.94 g/cm?3, which is in very close agreement
with above calculated value.

m Define line defects in materials. Explain different types of line defects and compare them. Also,
explain their cause of creation.
[12 marks : 2023]
Solution:

Line defect is the defect confined to more number of atoms in a lattice.

Linear defect: A dislocation is a linear or one dimensional defect around which some of the atoms are

misaligned. There are following types of linear dislocation as given below:

1. Edge dislocation: In an edge dislocation, an extra portion of a plane of atoms, or half-plane appears
and the edge of which terminates within the crystal. It is a linear defect that centers around the line that
is defined along the end of the extra half plane of atoms. This is sometimes termed as dislocation line,
which for the edge dislocation as shown in figure, is perpendicular to the plane of the page. Within the
region around the dislocation line there is some localized lattice distortion. The atoms above the dislocation
line are squeezed together and those below are pulled apart. This is reflected in the slight curvature for
the vertical planes of atoms as they bend around this extra half plane. The magnitude of this dislocation
decreases with distance away from the dislocation line. An edge dislocation may also be formed by an
extra half plane of atoms that is included in the bottom portion of the crystal.

Burger’s vector

Edge
dislocation
line

Edge dislocation

2. Screw dislocation: Screw dislocation is formed by shear stress that is applied to produce the distortion.
The upper front region of the crystal is shifted one atomic distance to the right relative to the bottom
portion. The atomic distortion associated with a screw dislocation is also linear and along a dislocation
line. The screw dislocation derivers its name from the spiral or helical path or ramp that is traced around
the dislocation line by the atomic planes of atoms.

Screw dislocation
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3. Mixed dislocation: Most dislocations found in crystalline materials are probably neither pure edge nor
pure screw, but exhibit components of both types, these are termed as mixed dislocations.

The nature of a dislocation is defined by the relative orientations of dislocation line and Burger’s vector.
For an edge, they are perpendicular, whereas for a screw, they are parallel. They are neither parallel nor
perpendicular for a mixed dislocation. Also, even though a dislocation changes direction and nature
within a crystal (e.g. from edge to mixed to screw), the Burger’s vector will be the same at all points
along its line.

2. Dielectric Properties of Materials

m What are ceramic materials? Differentiate between two types of ceramics having their permittivity
less than 12 and greater than 12. Name two ceramic materials in each of above two types and
mention one application of each type.

[12 marks : 2001]

Solution:
Ceramics is a compound formed by the combination of a metallic and non-metallic elements. Unlike metals,
they do not have large number of free electrons, the electrons being shared covalently as in ionic bonds.
Crystal structure of ceramics contain atoms of different sizes.
Due to the presence of ionic and covalent bond, ceramics possess high hardness, brittleness, high melting,
point, chemical inertness and electrical insulation.
The main characteristics are low water absorption, low thermal expansion and good electrical properties.
Ceramics material may be divided in to two groups, depending on whether the permittivity is less or greater
than 12. Material with high permittivity below 12 are more advantageously used in bulk as insulators, bushing,
housing.

1. Example: Porcelain, Alumina etc. (e, < 12)
Porcelain is used as insulators in transmission and distribution, fuse links, plugs and sockets.

2. Material with high permittivity (e , > 12), is used in capacitor in which permittivity should be as large as
possible, for reducing the size of the capacitor barium titanate (B,7.0,), which has permittivity of 2000, is
used.

m Calculate the polarization induced in A, O, with dielectric constante .= 8, when it is placed between
two plates of a parallel plate capacitor separated by 1 mm. Potential difference between the two

platesis 10 V.
[12 marks : 2002]
Solution: o

d=1mm=103m, V=10V, e, =8

Electric field = potential difference _ v/d

distance
- 10 0% 108 Vim
1mm ALO,
Polarization = p = e x,E=€y(e,-1)E + 10V -
P =886x1012x(8-1)x 10 x 108

=6.202 x 107 ¢/m?

m Discuss the trends of insulating materials used in modern electrical and electronic devices.
[12 marks : 2003]
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Solution:
Insulating material are invariably used in the electrical and electronic fields. For the effective use of an
insulating material the following factors should be considered while selecting an insulating material for a
particular application.

(a) Properties of the material (b) Ease of fabrication

(c) Availability of material (d) Cost

Selection of an insulating material to a specific application requires thorough knowledge of the following
properties.

(i) Electrical (i) Mechanical

(iiiy Thermal (iv) Chemical

(v) Visual

(i) Electrical properties: i) Insulation resistance

=

Permittivity
Dielectric strength

=

iv) Dielectric loss.

=

i) Compressive strength

(
(
(
(
(i) Mechanical properties: (i) Tensile strength
(ii
(iii) Flexural strength
)

(iii) Thermal properties: Heat resistance
i) Frostresistance

i) Thermal resistance

i) Chemicalresistance
i) Hygroscopicity
i) Moisture permeability

(iv) Chemical properties:

(
(
(
(
(
(

m What is piezoelectricity? What are the different applications in which piezoelectricity is used? Describe
materials that show piezoelectricity.
[12 marks : 2005]
Solution:
In some of the dielectric crystals it is found that mechanical strain may produce an electrostatic charge on
the faces of a crystal, this is known as piezoelectricity. Piezo electric effect is the production of electricity by
pressure. This property used in transducers. When an electric field is applied to a dielectric material, ionic
cores and electron distribution are destroyed. This distribution appears as a strain and is proportional to
square of electric field. This effect is small and is called electrostriction. However inverse effect does not
exist on other hand, when a stress is applied to a crystal, which does not possess a centre of symmetry,
such as quartz, it develops a polarization, which is directly proportional to the magnitude of applied stress.
Examples: Natural quartz, Rochelle salt, lithium sulphate, many group II-IV compound semi conductors etc.
Some practical applications of commercial piezoelectric are in: Gramophone pick-ups, air transducers,
accelerometers. Ultrasonic flow detectors, under water sonar transducers, filters, resonators, high voltage

generator (gas liters), delay lines etc.

m Explain the basic properties of dielectrics. What do you understand by the loss tangent and
susceptibility?
[12 marks : 2005]
Solution:
Dielectric is a non-conducting material which can be polarized (exhibit an electric dipole) by an electric field.
The dielectric constant, loss tangent and dielectric strength are the three parameters which characterize
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dielectric. Heat resistance, is however, such an important property that standards of classification.
A dielectric is chiefly characterized by its dielectric constant € , which is also called relative permittivity.

The dielectric constant, €, = =
€o
D =cE

€E = € E+P

P=cle,-1E

where (e - 1) is called susceptibility.

The absorption of electrical energy by a dielectric material subjected to an alternating electric field is known
as dielectric loss. The dielectric loss caused by an ac field also result in dissipation of the electrical energy
as heat in the material. An ideal dielectric does not absorb electrical energy. However a real dielectric always
causes some loss of electrical energy.

Complex part of dielectric

* ’ ”
e =€, -J
= = * = _ * I~
D = €*E=¢xeg” E

= (e’,—je”,) & Eexp(jot)

- aD ” i’ B
J =37 =(e”,+Je’) we, Eexp (jof)
= €’ we, Eexp (joi) + [e’, w e, Eexp (joi)]
J = Jc+:/L
Loss tangent = f—L:E—f
C <

m What are the factors that will increase the dielectric loss in dielectric materials?
What properties should the insulating materials have to avoid breakdown?
What are the important applications of insulating materials?
[12 marks : 2007]

Solution:
When an insulating material is subjected to alternating voltage, some of the electric energy is absorbed by
the insulation and is dissipated as heat. Energy absorbed by material in unit time is called dielectric loss.
The factors affecting the dielectric loss are:
(i) Theloss increases proportionately with the frequency of applied voltage.
(i7) Humidity increase the loss
(7ii) Temperature rise normally increase the loss.
(iv) Voltage increase causes increased dielectric loss. (loss o< 12)
Dielectric strength is defined as the maximum potential gradient that the insulating material can withstand
without rupture. Dielectric strength of a material depends upon temperature and humidity in the case of
liquid insulators the effect varies with the type of oil and its viscosity.
The dielectric strength depends upon the thickness of the insulating material and on the duration of time for
which the dielectric is subjected to electric field. Moisture, contamination, elevated temperature ageing and
mechanical stress usually tends to decrease the dielectric strength.
So thickness of the insultating material should be large to avoid breakdown, operation of temperature should
also be optimum not very high.
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Applications: Winding and cable insulation, primary dielectric in capacitance, used in transistors, used in
coil formers at high frequencies, storage battery housing, coating materials it is used in base material for
audio and video tapes. Transformer oil use for insulation and moisture absorbent.

What are the characteristics of ceramics? What are the three categories of ceramic tool materials?
Give the uses of ceramics.
[10 marks : 2008]

Solution:
Characteristics of ceramics:
1. high brittleness 2. highhardness
3. high melting point 4. chemical inertness
5. electrical insulation 6. low water absorption
7. lowthermal expansion 8. hightemperature withstand capacity

Main ceramics material divided into two group depending whether permittivity (e ) is less than or greater
than 12.

Material with (e , < 12) are more used in insulators, bushing, housing and as like. Example porcelain, alumina, etc.
Porcelain is used as insulators in transmission and distributions, fuse links, plugs and socket.

Material with permittivity (e ) > 12 is mainly used as dielectric in capacitor because size of dielectric should
be as small as possible one example is (Ba T, O,).

m A solid dielectric specimen has a dielectric constant of 4.8, and tan 8 = 0.001 at a frequency of
100 Hz. If it is subjected to an alternating field of 60 kV/cm, calculate the dielectric loss of the

specimen.
[12 marks : 2009]
Solution:
fand = <
ef
Dielectric constant, e =48

E = 60 kV/cm =60 x 10° V/m
ow=2nx100ande,” =48 xtand=4.8x 1073
o = 200 wrad/sec

Dielectric losses/unit area

%meoer”E2

= % x2mx 100 x €,x4.8x 107 x (60 x 10°)?

480.66 W

m Write down the properties and the types of insulating materials used in the construction of power and
distribution transformers.
[12 marks : 2009]

Solution:
Properties of insultating material used in designing of power and distribution transformer:
1. High fire point (for insulating fluid)
2. Alow net calorific value (< 32 MJ/kg)
3. Ecologically compatible
4. Low accute and chronic toricity
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Good thermal properties

Excellent dielectric properties

Excellent fire resistance

It is not subject to the regulations for land, sea, and air transport

. It should be easily disposed.

Normally insulating fluid are used in transformer used for preventing arcs.
It is basically used for insulating high voltage systems.

Another material used is mineral oil used in distribution transformer.
Transformer oil:

Transformer cores and chokes are diped immersed in mineral oil, known as transformer oil which acts as an
insulator. It also act as a cooling medium.

©®~NO;

Properties of transformer oil:

Its specific gravity 0.885.

Its flash point 135° C.

Its Resistivity is (1 — 10) x 102 Q cm.

Its permittivity is 2.2 at room temperature.
Its specific heat is 0.425.

Its dielectric strength is 30 kV/mm.

Its viscosity is low.

R S A

Impregnating varnishes:

These are utilized with porons and fibrous insulation like paper, card board, fabrics, glass etc., in order to
increase dielectric strength heat conductivity, resistance to moisture absorption and mechanical properties.
This is known as minor insulation in transformer.

Enamels:
Enamel is a insulated coating of organic base material which is applied on conducting surface. The main
application of this in the transformer is coating for wires and winding.

m Explain the following:
(i) Complex dielectric constant

(ii) Ceramics as insulating materials [12 marks : 2011]
Solution:
(i) ¢ Theabsorption of electric energy by a dielectric material subjected to an alternating E-field is known

as dielectric losses. The result in dissipation of the electric energy as heat in the material and in this
dielectric constant in such case in a complex quantity where imaginary part corresponds the loss.
So, complex dielectric constant is expressed as
€ = € —je’

e The complex dielectric constant incorporates all the contributions of polarization.

e The imaginary part of the equation is so that rise to absorption of energy by the material from the
alternating field.

(ii) e Ceramics are dielectric material having large band gap E, So in working temperature range they

behave as a insulator.

e Some materials (ceramic) such as glass, paper, Teflon are very good electric insulators.

e These ceramics are used for high voltage power transmission because of their good insulating
properties. These are normally glass, porcelain, or composite polymer materials.

e |nsulators made from porcelain rich in alumina are used where high mechanical strength is criterion.

e Porcelain has a dielectric strength of 4 — 10 kV/mm.





