
2-11 SUMMARY

Electrostatics is based on Coulomb's law, which for a point charge ql at the

origin and a point charge q at r gives the ~lectrostatic force on q as

F = _l_qql~
e 4.n:Eo r2 r

where Eo = 8.854 X 10-12 C2/N . m2 in mks units and Eo = 1/4.n: in gaussian
units. It is convenient to treat q as a test charge and abstract from it by
defining the electric field E corresponding to the electric force Fe:

Fe = qE

The electrostatic field at r due to the source charge ql located at rl = 0 is

1 ql r
E(r) = ---

4.n:Eo r2 r

The curl and divergence of E are both of fundamental importance:

r
Vx-=O

r3
r

V . - = 4.n:c'5(r)r3
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where the Dirac delta function is defined by

D(r) = 0, r * 0

J D(r) dv = 1

The delta function has the property that for any function F

J F(r)D(r - ra) dv = F(ra)

• Coulomb's law can be generalized to systems of many source charges,
or to a continuous distribution of tharge density per) defined so that the
element of charge in a volume element dv is

dq = per) dv

For a point charge q; at r;,

per) = q; D(r - r;)

Since the forces and fields are additive,

1 J r - r'E(r) = 4,nEa Ir _ rT per') dv'

Since V is a linear operator,

VxE=O

1
V· E = - per)

Eo

These are the fundamental differential equations that must be satisfied

locally at every point by all electrostatic fields. (In fact, the divergence
equation is satisfied even by time-dependent fields, and it is one of the four
fundamental Maxwell equations.)

• Gauss's law follows from the divergence equation by integrating both
sides over an arbitrary volume V and applying the divergence theorem:

1, E . n da = ~ QTs Ea

where

Q = Iv per) dv

is the total charge inside V bounded by S. Gauss's law has practical
usefulness for calculating E in a few special situations where it can be

argued on general grounds that Emust be constant in magnitude and




