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Unit II: Dielectrics and
Capacitance

Electric Dipole, Dipole Moment, Torque

Classification of Materials
Conductors
Semi-conductors
Insulators or Dielectrics

Electric Field in Material Space (Conductors & Dielectrics)

Dielectric Materials
Polarization
Dipole Moment
Properties of Dielectrics
Dielectric Constant
Dielectric Strength
D in Dielectrics

Boundary Conditions
Between Conductor — Free Space (Conductor)
Between Conductor — Dielectric
Between Dielectric — Dielectric
Relationship between E & D at the boundary

Capacitance
Parallel Plate
Coaxial Cable/Capacitor
Coaxial Cable with Two Dielectrics
Spherical Capacitor
Composite Parallel Plate Capacitor

Boundary Parallel to the Plate
Boundary Normal to the Plate

Energy Density in the Electrostatic Field

Energy Stored in a Capacitor
Parallel Plate Capacitor
Co-axial Capacitor

Current and Current Density
Types of Currents
Point form of Ohm’s Law
Continuity Equation of Current
Relaxation Time

Resistance of a Conductor
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Classification of Materials

Materials are classified as three types, in a broad sense,
materials may be classified in terms of their conductivity o,
in mhos per meter or Siemens per meter (S/m), as
conductors and nonconductors, or technically as metals and
insulators (or dielectrics). The conductivity of a material
usually depends on temperature and frequency.

* Conductors or Metal (high conductivity (o >> 1))

* Semi-Conductors (conductivity in between)

 Insulators or Dielectrics (/low conductivity (0 << 1))

Materials can also be classified on the basis of their energy
bands. The energy bands of materials are shown in the
below figure.

B I ™o ~ | A

!
|

|
A } Region 1

l"_i‘_"i"_"i'__;v
2 |
v | l

J

() ( ",,’,l/_.u 1S (H) Semicon mctor (hHhy /

Microscopically, the major difference between a conductor and an
insulator lies in the amount of free electrons available for
conduction of current and energy gap in the materials. These free
electrons have to jump from valence band to conduction band
through the energy gap. Dielectric materials with huge energy gap
and have few electrons available for conduction of current in
contrast to conductors, which have an abundance of free electrons
with overlapped energy gap.



Dielectric Materials: Types

Dielectric Materials can be classified based on Polarization that
takes place in the material under the influence of Electric Field.
They are classified as:

e Polarand

* Non-Polar Dielectrics

1. In polar dielectric materials, the molecules or atoms possess a
permanent dipole which is randomly oriented as shown in
figure (a). Each pair of charges acts as a dipole with the same
dipole moment. Since the dipoles are randomly oriented, the
net dipole moment is zero. Under the influence of E, the
dipoles experience a torque and get oriented along the
direction of the field as shown in figure (b). This process is
called the polarization of polar dielectric materials.
(Examples: Water, Sulphur-di-oxide etc.,)

2. The atoms in non-polar materials do not form dipoles until
the application of E. Under the influence of E, the separation
of charges comes in existence and they form dipoles with
some dipole moment. This process is called polarization of
non-polar materials. 9Examples: Hydrogen, Oxygen etc.,)

e 7| | | hgegegogean

/\\;—‘—/ —i—‘> ——| [Tt

"”(?/)SB“- “PAOT Pz0
—r. B

(a) (b) (¢)
Figure. Polarization of Dielectric Material: (a) polar with no E,
(b) polar with E, and (c) non-polar with E.

A dipole results from the displacement of the charges
and the dielectric is said to be polarized.



Electric Field in Material Space: Conductors

A conductor has abundance of charge that is free to move. Consider an
isolated conductor, such as shown in Figure (a). When an external electric
field E, is applied, the positive free charges are pushed along the same
direction as the applied field, while the negative free charges move in the
opposite direction. This charge migration takes place very quickly. The
free charges do two things. First, they accumulate on the surface of the
conductor and form an induced surface charge. Second, the induced
charges set up an internal induced field E;, which cancels the externally
applied field E,. The result is illustrated in Figure (b). This leads to an

important property of a conductor:
* A perfect conductor cannot contain an electrostatic field within it.

* A conductor is called an equipotential body, implying that the potential
is the same everywhere in the conductor. This is based on the fact that
=-VV=0.

* According to Gauss's law, if E = 0, the charge density p, must be zero.

- +
. —_—- = F,
2 +
E, +
L — i
p.=0
> E, — * —— > E,
-
E, = %
- E=0
= E — + p—eE

[a} (b
We conclude again that a perfect conductor cannot contain an

electrostatic field within it. Under static conditions:

E=10, g, = [}, V=10 nside a conductor




Electric Field in Material Space: Dielectrics

To understand the macroscopic effect of an electric field on a dielectric,

consider an atom of the dielectric as consisting of a negative charge - Q

(electron cloud) and a positive charge +Q (nucleus) as in Figure (a). Since

we have equal amounts of positive and negative charge, the whole atom

or molecule is electrically neutral. When an electric field E is applied, the

positive charge is displaced from its equilibrium position in the direction

of E by the force F + = QE while the negative charge is displaced in the

opposite direction by the force F_ = QE. In the polarized state, the

electron cloud is distorted by the applied electric field E. This distorted

charge distribution is equivalent, by the principle of superposition, to the

original distribution plus a dipole whose moment is

p=0d

where d is the distance vector from —Q to +Q of the dipole as in Figure

(b). If there are N dipoles in a volume Av of the dielectric, the total dipole

moment due to the electric field is

'
Qd; + Qdy + - -+ Qudy = E . dy
=1

As a measure of intensity of the polarization, we define polarization P (in

coulombs/meter square) as the dipole moment per unit volume of the

dielectric; that is,

E=1

E
e
——-

E

[a)

i

(k)

Polarization of nonpolar atom

)

{a} {h)

Polarization of polar atom
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Rajesh Murari
Note
Types of Dielectric Materials (Properties):

Linear - D varies Linearly with E

Homogeneous: epsilon and sigma are constant everywhere

Isotropic: D and E are in same direction 
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