L3 Dielectrics

Lecture outline:
- Capacitance.
* Dielectric materials.
* Polarization of materials.
* Gauss s law in presence of dielectrics.
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L.3.1 Dielectrics

Capacitance: consider 2 conductors

separated by an insulator. FPEIN
Potential difference between
the conductors is \{ }
proportional to Q: V=Q/C,

where C is the capacitance.

(1 Farad =1 Coulomb/1 Volt)
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L.3.2 Dielectrics

< -
Parallel-plate capacitor: :;i
(Area A) T
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.3.3 Dielectrics

Potential energy of a capacitor:

_Q2_1 o 1
V=356 =3¢" =3%

Energy per unit volume (energy density):

U 1CV? 1(e0A/d)(Ed)

T Ad 2 Ad 2 Ad

SO u= 150J52 and energy residesin the electric
field.
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L.3.4 Dielectric constant

Dielectrics are insulating materials — not a

conductor.
Introduce a block of dielectric material between

capacitor plates:

- + ¥ +

Cincreases: Cyq = K Gy,
K = dielectric constant, or relative permittivity.
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L3.5 Dielectric constant

T'ABLE 27-2
SOME PROPERTIES OF DIELECTRICS®

DIELECTRIC

DIELECTRIC STRENGTH
MATERIAL CONSTANT « (kV/mm)
Air (1 atm) 1.00054 3
Polystyrene 2.6 24
Paper 35 16
Transfomer oil 4.5
Pyrex 4.7 14
Ruby mica 5.4
Porcelain ) 0.5
Silicon 12
Germanium 16
Frhanol 25
Water (20°C) 80.4
Water (25°C) R85
Titania ceramic 130
Strontium titanate 310 8

Fora vacuum, x = unity.

“Measured atroom emperature, except for the water.
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L3.6 Dielectric constant

If Vis kept constant, Q = K C, V, so charge on
plates increases.

If Q is kept constant, V = Q/(K C,), so voltage
between plates decreases.

Example: A =102 m?, d=1mm,
then C=e,A/d =8.85 x 1012 x 10-2/10-3 =88.5 pF.

With polystyrene, C = 2.6 x 88.5 =230 pF.
If V=100V, Q=2.6x88.5x 100=2.3x108C,
Surface charge density s =Q/A = 2.3 x 10® Cm™
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1.3.7 Polarization of

materials
dipoles ?:[iginal field
s ] Il =z
ﬁ = : S field dueto ~
oo o, dipoles —:“‘T'_E;_Hx_
: a ” final field

[ ] [ ~free charges Q;
L [ | o
als

bound surface charges Q.

The dielectric has become polarized. The
field inside is reduced.
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.3.8 Polarization of
materials

Polarization vector P.
The sum of all the elementary dipoles, in
unit volume:
P = n p = dipole moment per unit

volume,
where n = N (number of dipoles)/V (volume of
dielectric).
<k L L P
TS O
-
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.3.9 Polarization of
materials

Number of dipoles = N
= N;N,
Moment = p = q h.
So P =n p = (N;N,/Ad)gh.
Use N,h =d,

qu =Qbound
=charge at surface.

S0 P = Quoung /A = Spoung = SUrface charge density.
(units; Cmr2)
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L3.10 Gauss s law

Gauss s law in the presence of dielectrics:

ﬁ‘{-f'.Q_IE::}-r-{C Cﬂ-fqaf-u-r Ff""le EA — eree Qbound _ Qtotal
xﬁ €0 €0
SO
E = U?;al, where ot = —QZW
But

eree = KCOVa Qtotal = COV

= eree — KQtotal
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L3.11 Gauss s law

This means that E — Qfree _ Ofree
Ké?oA Ké?()
and E has decreased.
General rule: to get E in adielectric, replace g, by Ke,.
. 1 q
Eg, for apoint charge, FE = —.
g P 9 ArKegr?

Gauss’slaw in fKE . da — Qenclosed(free>
adielectricisnow . €0
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