|||| 2.39 CONDUCTORS IN ELECTRIC FIELD
Conductors

Definition 1 Conductors are materials which have very low resistance.
Examples: Copper, Silver and Aluminium.

Definition 2 Conductors are materials for which no forbidden gap exists
between valance band and conduction band.

Definition 3 A material is defined as a conductor if-(-o—e' >>1.

Conductors have a variety of applications in all fields of life.

JIE] 240 PROPERTIES OF CONDUCTORS

1. Charge density is zero within a conductor.
2. The surface charge density resides on the exterior surface of a conductor

3. In static conductors, current flow is zero.
4, Electric field is zero within a conductor.
5. Conductivity is very large.

6. Resistivity is small. |
7. Magnetic field is zero inside a conductor.
8. Good conductors reflect electric and magnetic fields completely. |




9.A Condl_lctor consists of a large number of free electrons which constitute
conduction current with the application of an electric field.

10. A conductor is an equipotential body.
11. The potential is same everywhere in the conductor.

12. E==VV =0 in a conductor.

13.In a perfect conductor, conductivity is infinity.

14. When an extzernal field is applied to a conductor, the positive charges move
in the direction E and the negative charges move in the opposite direction.
This happens very quickly.

15. Free charges are confined to the surface of the conductor and hence surface
charge density, J; is induced. These charges create internal induced electric
field. This field cancels the external field.

It is interesting to note that copper and silver are not super conductors but
aluminium is a superconductor for temperature below 1.14 K.

]| 241 ELECTRIC CURRENT

The current through a given medium is defined as charge passing through the
medium per unit time. It is a scalar, that is,

1=2%,

dt
Current is of three types.

1. Convection current

2. Conduction current

3. Displacement current

1. Convection current It is defined as the current produced by a beam of
electrons flowing through an insulating medium. This does not obey Ohm'’s
law. For example, current through a vacuum, liquid and so on is convection

current.

2. Conduction current It is defined as the current produced due to flow of
electrons in a conductor. This obeys Ohm's law. For example, current in a

conductor like copper is conduction current.

3. Displacement current It is defined as the current which flows as a result
of time-varying electric field in a dielectric material. For example, current
- through a capacitor when a time-varying voltage is applied is displacement

current.

Ampere
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§ 2.42 CURRENT DENSITIES

In electromagnetic field theory, it is of interest to describe the events at 3 Poiny
instead of in a large region. This is the reason why current densities are considerg,
Current densities are vector quantities. '

: ty xsdefmedasl:he current at a given pomt through a yp,
at that point. It is a vector and it has the unit of Ampere/ m? |,

e

Current densities are of three types:

1. Convection current density
- 2. Conduction current density
3. Displacement current density

1. Convection current density (A/m?) It is defined as the convection curren
at a given point through a unit normal area at that point, that is,
Convection current density

_dr
—ds

_dl
::——-a"

ds

where dI= differential convection current

dS = differential area
=dSa i ' '

a, =outward unit normal to 4S

As convection current density i i ‘
: ty is confined to specifi v aa s
much interest in this book. pecific media, it is not o

2.Co i i
: ndutch:m c.urrent flenmty, J. (A/m?) It is defined as the conductiot
urrent at a given point through a unit normal area at that point,

that is,

L
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3. c?l&};lacement current density, J, (A/m?) It is defined as the rate of
1splacement electric flux density with time, that is,

If. I is the displacement current in a dielectric due to applied electric field,
displacement current density is defined as

dl
Jd *":Eg—an
As D=cE
] ='§“Ez —(?-E L
T

In fact, cflisplacement current density exists due to displacement of bound
charges in a dielectric by the applied electric field.

[Il] 243 EQUATION OF CONTINUITY

Eqization of continuity in integral form isl =j J.ds

[ =outward flow of current (A)
J = conduction current density (A/ m?')

where ' Py = -5;“

Proof If Q; is the charge inside a closed surface, the rate of decrease of

{ . dQ‘ ]
charge due to the outward flow of current is given by (— _dTJ

From the principle of conservation of charge, we have

_._igi,: ds
1=-— f]-

From divergence theorem, We have

§J.ds =j V.Jdv

5
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dg;

S0, {V.]du s
_.4 d =—| pvd
- dtjpu U ;[p v

Two volume integrals are equal if the integrands are equal. So,

[ V.] = _%y ==Py Hence proved.

In the above equatidn the derivative became a partial derivative as y,

surface is kept constant.

§§ 2.44 RELAXATION TIME (T;)

It is also called rearrangement time.
Relaxation time is defined as the time taken by a charge placed in a materjj |

to reach 36.8 per cent of its initial value. It is given by

_

where €= permittivity (F/m), o= conductivity (mho/m).

Problem 2.51 Find the relaxation time of sea water whose €,=81 an

o =5mho/m. |
Solution Relaxation time of sea water

81x8.854x10712
| 5
=143.37 picosecond

€
Tr.“‘"‘“""’=
O

Problem 2.52 Find the relaxation time of porcelain whose ¢ =1071% mho/® |
€,=6.
Solution Relaxation time of porcelain
r € _6x8854x107"
r G - 10—10
53.12x 107
T, =531.2m sec
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fl 245 RELATION BETwgen CURREN
il VOLUME CHARGE pEnspTy | DENSITY AND

H; J = conduction current density, A/m?
V =velocity of the charge (m/s)

Proof We know that I =IJ.ds= dQ

—_—

, dt
Consider an element charge (Fig. 2.24)
' AQ =p,Av=pAs Ax
| — : 7 :
Jr. i
AQ=pyAv AQ =pyAv
...... as | . e s
> x —» X
4——Ax—->l — Ax —b»
Z

Z
224 Volume charge in motion

Assume that the charge element is oriented parallel to the coordinate axes.
Let there be only an x-component of velocity. It moves a distance of Ax in a time
At as in the figure. Therefore,

AQ =Py As Ax
The resultant current is

| Ax
_AQ_ Ax AsV [asV_, =—]
Al = —A? =Py At Py X At
where V, = x -component of velocity of the charge.
Al
— =p, Vs

As
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I« =PV (A/mz)
Similarly, if the charge moves in y and z-directions, we get
Iy =Py Vy
Iz = pu Vz .

] =pu(vxax+vyay +VZ aZ)
_V =Vya, +V, a,+V;a,
L] =p, V Hence proved.

As

Problem 2.53 If the current density, J = ——(cos 64, +sin Bay), A/m?, find |

the current passing through a sphere radius of 1.0 m.

. 1 ;
Solution =5 (cos 94, +sin 6aq), A/m?

where

= [J.ds

where dS =r%sin 0 do dé a,

2
]J.dS =12— cos O sin 6 d do
r

2n

j]ds
0

O ey,

cos0 sin6 d¢ d6

—

I
= S |
D‘—uy

n o
that is, [ 21:] sin@d (sin 0)
’ 0

I = the current passing through an area

lasagy.a, =0l




Solution Electric field in free space,
E=6a,-2a,+3a,V/m

| € =8.854x107"
The electric flux density,

D= EO E
=8.854x 1072 (6a, —2a, +3a,)

D =(53.124, —17.7a, +26.554,) PC/m?

YJ1I] 246 DIELECTRIC MATERIALS IN ELECTRIC FIELD

Definition 1 An ideal dielectric material is one which does not contain free

electrons.
Definition 2 An ideal dielectric material is one in which the charges are

well bounded and cannot be set in motion easily.
Definition 3 An ideal dielectric material is one for which there exists a
large forbidden gap between valance band and conduction band.

Definition 4 A material is defined as dielectric material if "2 << 1.
: we

Definition 5 A material is defined as dielectric material if it does not
conduct electric current and opposes the flow of current.

LIl 2.47 PROPERTIES OF DIELECTRIC MATERIALS

1. Conductivity is zero.
2. Volume charge density, p, =0.
3. Electric and magnetic fields exist in a dielectric material.

4. Resistivity is e°.
5. Electric and magnetic fields penetrate the dielectric material freely.

6. There exists no free electrons.

Dielectrics in Electric Field

An atom of a dielectric consists of a nucleus and a bunch of electrons. Similarly,
a molecule of a dielectric consists of nuclei and a set of electron bunches. The
charge of the nucleus is positive and the charge of the electron bunch is negative.
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The atoms and molecules are electrically neutral as they contain an equal N |

of negative and positive charges. |
Dielectrics are classified into polar and non-polar type of materialg,

Polar type of dielectrics

The centres of positive and negative charges of a molecule_ of polar type |
dielectric material are separated by a small dlstancg. Each pair acts as a dip, |
and there exists a dipole moment. However, such pairs are r‘andomly dnstﬁbu&,tf
in a dielectric material. Hence the overall dipole moment is zero. |

If such a material is kept in an electric field, all the positive charges mOUa.%'
in the direction of the electric field and all the negative charges move in g, |
opposite direction. As a result, dipole moment is induced by the electric figl; |
Under these conditions, the material is said to be under a state of polarisatiy,

A polar type of molecule is shown in Fig. 2.25.
Q =4

I

Fig. 2.25 Polar type of molecule

Examples of polar dielectrics are water, hydrochloric acid, sulphur dioxid
and others. '

Non-polar type of dielectrics

The centres of positive and negative charges of a molecule of non-polar type ®
dielectric material coincide as in Fig. 2.26, that is, there is no separation betwe!
them and hence dipole moment is zero.

However, when such a material is placed in an electric field, the centres
positive and negative charges are displaced and there exists a distance betwe
them, that is, dipole moment is induced. Under these conditions, the material *
’ said to be under a state of polarisation.

-2 Q
(a) Non-polar molecule (b) Non-polar molecule in electric field Fig. 2.26 /

Examples of non-polar dielectrics are oxygen, hydrogen, nitrogen and s0 of

The important conclusion is that dielectric materials are not polarised 11" ‘
absence of electric field and they are polarised in the presence of an electric fie |

i
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. As ﬁ? xsuit, n:hefglectﬁc ﬂu_x density is greater than that in free space conditions
with e same field intensity. The intensity of polarisation is described in terms
of dipole moment and polarisation.

f1il 2:48 DIPOLE MOMENT, p

Chatge and distance between the centres of (+)ve

that is,
where p = dipole moment
Q= charge magnitude
'd = distance vector from (~)ve to (+)ve charges of the dipole

If there are N dipoles in a dielectric material of volume Av, the total dipole
moment with the application of electric field is
: .
P = ZQ: d;

i=1

N

11§ 2.49 POLARISATION, P |

it volume of the

n  XOd,
P =Av ; o

ctrics, the polarisation, P is defined as

-

In some diele

i

s

where x, = electric susceptibility of the dielectric

The charges are bound in a dielectric and the total positive bound charge on
a surface, S enclosing the dielectric is given by

'Q, = [P.4dS
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On the other hand, the charge that remains inside the surface, § i _

it is given by b ang

Q, =-§V.Pdv=§p,dv
v v

If there is some free charge in the dielectric, the free charge volum

' ¢ Char .
density is p,. If p » is the bound volume charge density, then the toty) , . °

1V0|Un;
charge density is given by |
Pt =Py +Py
=V.eE
or, Pvo =Pt —Pp
=V E+V.P
=V.D
| D=cyE+P ]

As P=y,e,E, we have
D=EOE+XEEOE
=GOE(1+XE) g
D=€y¢,E=cE

where &, =14y, =S

€p

. or, «xeze?—ll

In summary, we have

Qe =_[ Py dv
v
Q=[p,dv
v
Q= pydv
v
V.P =—p,
V.eoE =p;
V.D =p,



