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Conductors are

DRt '~ e

example, in a metal

the outer (valence)"

electrons are loosely
bound to the nucleus
and are thus free for
conductivity, when an
external electric field

materials or | materials or
substances which | substances which
allow electricity to | resist electricity to
flow through them. flow through them.

ii. | They contain a large | They do not free
number of free charge | charges carriers.
carriers (free
electrons). - For

interior can be zero.

is applied.

ili. | A conductor can | An insulator can
carry any distribution | carry any distribution
of external electric | of external electric
charges on its surface | charges on its surface
or in interior and | or in its interior and
electric  field in | the electric field in

the interior can have
non zero values.

iv.

Examples:  Metals,
humans, earth and
animal bodies

Examples: Wood,
glass, ebonite
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To protect a delicate instrument from the

disturbing effects of other charged bodies near

it, it is placed inside a hojlow conductor where
E = 0. This is called electrostatic shielding.

ii.  Thin metal foils are used in making the shields.

Examples:

a. During lightning and thunder storm it is

always advisable to stay inside the car than
near a tree in open ground, since the car acts

as a shield.

b. Faraday Cages: It is an enclosure which is
used to block the external electric fields in

conductive materials.

c. Electro-magnetic shielding: MRI

scanning rooms are built in such a manner
that they prevent the mixing of the

external radio frequency signals with the

MRI machine.
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Free charges: In metallicY conductors, the

Qﬂjﬁna__&nkd&eg%»_maw%

electrons in the outermost shells of the atoms

are loosely bound to the nucleus and hence

can easily get detached and move freely inside

the metal. When an external electric field is

applied, they drift in a direction opposite to

the direction of the applied electric field.

These charges are called free charges.
Bound charges: The nucleus, which consist of

the positive ions and the electrons of the inner
shells, remain held in their fixed positions.

These immobile charges are called bound

charges.

I1.

iil.

Certain substances when are placed in an
external field, their positive and negative
charges get displaced in opposite directions
and the molecules develop a net dipole
moment. This i1s called polarization of the
material.

The dipole moment per unit volume is called

polarization and is denoted by P. For linear
isotropic dielectrics P= Le E.

Where, yx. is a constant called electric
susceptibility of the dielectric medium.

Examples: Dielectrics substances show electric
polarisation.




il.

iii.

v.

A'quantity that describes electrical behaviour of
a dielectric is called as electric susceptibility of
dielectric medium.

It is denoted by ..

It is constant for a dielectric but has different
values for different dielectrics.

For vacuum %, = 0.

i,

Dielectrics are non-conducting  substances
which cannot transmit electric charge through
them.

Examples:

Glass, wax, water, wood, mica, rubber, stone,
plastic, etc.

Dielectric substances do not contain any free
electrons in them, so they have no charge carriers.
Dielectrics can be polarised through small

Dielectrics are insulates which can be used to

localised displacement of charges.
v,

store electrical energy.
V.

Dielectrics can be classified as polar dielectrics
and non-polar dielectrics.

| the asymmetric shape

A die A dielectric in which
in which the centre of | the centre of mass of
mass of  positive | the positive charges
charges (protons) does | coincides with the Non-polar dielectrics

not coincide with the | centre of mass of the | ——
centre of mass of | negative charges is 0
negative charges | called a non-polar
(electrons), because of | dielectric.
() (h)

of the molecules is

called polar dielectric. Polar dielectrics

Representation: Representation:

il

They have permanent | These have
dipole moments of  symmetrical shapes

electric dipoles, as the

charges are scparated

_______ by a small distance.

the order of 107°° Cm. |
They act as tiny |

and have zero dipole |

moment in the
normal state.

iv. | Examples:

HCIl, water, alcohol,
NH;

W Ny 0y CO,
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v.

and the molecule gets distorted.

The displacement of the charges stops when the ___
force exerted on them by the external field is
balanced by the restoring force between the
charges in the molecule. |
Each molecule becomes a tiny dipole having a
dipole moment. A\
The induced dipole moments of different
molecules add up giving a net dipele moment to

the dielectric in the presence of the external
field. —\

I
In presence of an external field

Eo=0

©®®

“%

The non polar dielectric in
absence of electric field

. Neg N ' ) Q- Vo
ersenad  dedwc held. _*

I In the presence of an external electric field E,, e ——
the centres of the positive charge in each c® cp @ S
molecule of a non-polar dielectric is pulled in cp P
the direction of E,, while the centres of the D D [
negative charges are displaced in the opposite
direction. Thus, the two centres are separated D —

]9 3} T— x@qng %g&;u';gnh'gg gs O Qn&g}_. &j decice o an Qmﬂ\ﬂi

Q_\;gr\“ﬂt Q'\nl&.

1.

ii.,

iii.

The molecules of a polar dielectric have tiny
permanent dipole moments. Due to thermal

agitation in the material in the absence of any ——
external electric field, these dipole moments are

randomly oriented. Hence the total dipole
moment is zero.
When an external electric field is applied the

dipole moments of different molecules tend to ————

align with the field. As a result, the dielectric

Ea #0

>
S
=70 kD

Ep—

In presence of a strong
external field

develops a net dipole moment in the direction of
the external field. Hence the dielectric is
polarized. —
The extent of polarization depends on the _
relative values of the two opposing energies:

a. The applied external electric field which

tends to align the dipole with the field. ~ The polar dielectric in absence of electric field

Eo =0

R
@@%
cp &

b. Thermal energy tending to randomise the
alignment of the dipole,




Q Resistor: the ability to resist the

flow of electric current through it.

O Capacitor: the ability to oppose the

change of voltage across it.

O Inductor: the ability to oppose the

change of current flowing through it.

Resistor Capacitor Inductor
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a. Parallel plate capacitor:
CzkE“A + + + + + + +
d i i . )
b. Spherical capacitor:
: ab )
C= 4ncu[~——- ‘
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c: Cylindrical capacitor:
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Capacitors in series:

a. Potential difference across each capacitor is

different.

Charge on each capacitor is same.
This arrangement stands high voltage.

o

d. Series combination is used when a high

voltage 1s to be divided on several

capacitors. Capacitor with minimum

capacitance has the maximum potential

difference between the plates.

e. This arrangement cannot store large

number of charges.

Capacitors in parallel:

a. Potential difference across each capacitor is

Same.

b. Charge on each capacitor is different.

c. This arrangement stands low voltage.

d. Capacitors are combined in parallel when we

require a large capacitance at small potentials.

e. This arrangement can store large number of

charges.
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