Electrostatic Materials & Devices

Classes of Materials
Metals (¢ > 1) -- Good conductors

Semiconductors — Moderate or tunable conduction &

Insulators (o < 1) -- Poor conductors

Perfect Electric Conductors

Perfect Electric Conductors (PEC):

E =0 No electric field may exist in a PEC

VIn=20
Electric Field at Boundary

Dt = Et =0

D = eE = Ps

No tangential component

Laplace’s Equation

Inhomo. Poisson
V-[e(V)]==py V. (V) =—-p,/¢
Inhomo. Laplace Homo. Laplace
V-[e(VV)] =0 V2V =0
Solving Laplace’s Equation
1. Solve V2V = 0 in each homogeneous
region.
a) For 1D, using direct integration.
b) Otherwise, use separation of
variables.
. Apply BCs at edges of regions
. Calculate E from V using E=-vv.
. Calculate D from E using D = ¢E.

Homo. Poisson

Voltage is constant throughout a PEC

Normal component is not zero.
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Boundary Conditions

Tangential Field Components:

Etl - Etz & = %
Normal Field Components:
€1En1 = Szgnz Bm = an
Law of Refraction

tanf; tanéb,

&1

Analysis of Resistors

. Choose coordinate system.

. Assume V, across terminals.

. Calculate potential by solving V2V = 0.
. Calculate field using E=-vv.

. Calculate current using

I = ffsaﬁ-d§.

. Calculate resistance using R = V/,/1.

A

Uniform o

R—d
oS

Analysis of Capacitors

. Choose coordinate system.

. Assume plates carry charge +Q and —Q.

. Calculate E using Gauss’ law.

. Calculate V, by integrating from plate 1 to

plate 2 using Vy = — fLE .d?.
Calculate C using C = Q/V,.
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