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Electrostatic problems

How to deal with the electrostatics problems?

* Electric potential
» Electricfield intensity
* Charge distribution

Boundary-value problems:

* Conductors
* Method of images

(a) Point charge and grounded conducting sphere.

D. K. Cheng, Field and Wave Electromagnetics, 2nd ed., Addison-Wesley, 1989.



Poisson’s and Laplace’s Equations (1)

Master equations for electrostatics:

V.-D=p

VxE=0

— E=-VV
For a linear and isotropic medium:

D=c¢E

— V(eE)=p

—> V- (VV)=—p

For a simple medium (linear/isotropic/homogeneous):

Slvv =—2 | poisson’s equation
g

V?: — Laplacian operator:
“the divergence of the gradient of “
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Poisson’s and Laplace’s Equations (2)

In Cartesian coordinates:
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In cylindrical coordinates:
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In spherical coordinates:
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Laplace’s equation:

VAV =0 <« No free charge (p=0)



Example 4-1

A parallel-plate capacitor:
Between the plates:
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Boundary conditions:

V(y=0)=0, V(y=d)=V,
V

— V= FO y
Electric field:
—> E=-VV =—ayd—V:—ay\i
dy d
Surface charge density:
&V, &V,
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Unigqueness of Electrostatic Solutions

Uniqueness theorem:

A solution of Poisson’s equation (or Laplace’s equation) that satisfies
the given boundary conditions is a unique solution.

Proof:

Let us suppose that there are two solutions:

vy, =-£2 vy, =_F
E &

. 2 _ D. K. Cheng, Field and Wave Electromagnetics, 2nd ed., Addison-Wesley, 1989.
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