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CONDUCTORS AND DIELECTRICS

Materials can be conductors,
isulators, semiconductors.

+++++++++++ Q
1 1 1
+

=y

Photo: Scientific sentence

Any charge introduced into conductor distributes itself over

1ts surface. This displacement, though microscopic, 1s also
found 1n dielectrics.

This displacement is characterized by ‘electric
displacement’ D and defined as,

D= cE+P=cE
P 1s electric polarization
vector, €y 1s permittivity of
free space, € 1s permittivity of

dielectric.
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PONDEROMOTIVE FORCE

The expression of Ponderomotive body force of
an electric field 1s expressed as

=Y E 1EEV +1VEE 0¢
f_ v 2 " € 2 (' apmpm)

pm 18 the mass density of dielectric.
Total force applied on the body

F=/[, fdv
Assumptions :

1.Value of € changes smoothly in the
interfaces of different media.

2.Surface free charge is absent.
3.V 1s total electric field.
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EQUIVALENT STRESS TENSOR

Let T, denote stress tensor equivalent to
body force. So,

F=ffdv=frends
V S

N=jRdev=fRX(ren)dS

74 S
where F and N denotes total force and total moment.

Total moment equality makes T, to be symmetric.
f 1s decomposed into two components

f=f1+f,, where f; =%E—%E.EV£

and f, = V(E.E a‘:n

Pm)
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MAXWELL STRESS TENSOR

Now, fix = (V.D)E, — S E.E =
(V.D)E, = V.(E,D) — DV.E,

€ OE.E
and DV.E, = ¢EV.E, = P
Hence, fi, = o + 3y + .
o dE,D, O(EyDy—E.E) QE,D
_ YEyFx Y=V 2 yrz
Similarly ,f;,, T 5 +—
1z = gx 9y 9z

Tensor t,,,corresponding to f; is termed as Maxwell
stress tensor.

Tem = £(EQE - (E.E)I)
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STRICTION STRESS

Tensor t,,corresponding to f, 1s striction tensor

—1EE as f
TES_Z( . apmpm)

Equivalent stress tensor,t, = Tog + Tem

If we are not interested in the distribution of
Ponderomotive forces over the volume of an
arbitrary body, but only their resultant, it 1s
sufficient to consider only Maxwell’s force and
stress.

Condition: The body is surrounded by a liquid
dielectric in mechanical equilibrium or
vacuum.
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TRACTION

The traction on a surface element with unit
normal n 1s

1 de
t = TeN = EEnE —EEE (8 —%pm)n

£
t,, = TeN = €ELE —iE.En

Surface charge is a discontinuity.

The traction on this discontinuity can be derived
from above traction by considering charged layer
of finite thickness, then passing over in limit to

an infinitely thin layer. N Surface
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TRACTION ON SURFACE CHARGE

t 1ndS — _gl(ElnEl — %El'El n)dS

n

t anS — 82 (EZTLEZ — %EZ' EZ n)dS surface2

Net traction on this thick layer, CQ

t=t,,— 11, surfacel

1
— 82 (EZTLEZ — EEZ.EZ n>

1

This relation also holds 1n the limit.
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TRACTION ON SURFACE CHARGE OF CONDUCTOR

For Metal E; =0, E, = E;n
1
t = 82 <§E2E2 )Tl

Taking a gaussian surface on ch

Surface charge 05 petite
the surface of conductor, ey
82 E 2 = LIJS Surface of

Conductor
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