













































































































































 

Classical Electrodynamics

Lecture 02

Electrostatic
















































































































































Unique solutions

Let us consider the case where the charge

density p and the current density J me

time Independent

0 0

we also have

In this case the equations for E and

B in terms of the potentials completely

decouple

E Id B Tx
















































































































































In addition to stationorite we have

5 0 I 0 9 0 0 0

Electrostatic Magnetostile

We here consider the electrostatic case

Maxwell's equation reads

I E 8 6

axe 17 not electrostatic
a E ele

TED a 21
I B 0

The other equations are trivial

since E 70 we obtain

v f 9 20 1708607
















































































































































this Is the Fatone

The other equations are trivial since

I 0 B 0

so the last two equations me Identically
vanish

Ampere's law takes the form

x̅ E Tx 40 0

Therefore Poisson equation as the only

Relevant equation for electrostatic

Now how about the gauge freedom

since as time endependent we must

have

01 4 2 X xt α const
















































































































































we also have A 0 This implies that
the only allowed gauge transformation as

α

To prove the uniqueness theorem forsolutions

to Poisson equation we need Gauss theorem

Ges theorem let it be an arbitrary

differentiable vector field
on IR Let

V C R be a bounded region
whose boundary

S 2V as a regular
two dimensional

surface Then

ftp.T dx v inds

Sv

when it as the outward pointing unity normal

to S
















































































































































Ice free for a given change density

8 x̅ there is at most one solution to

Poisson's equation such that 0 as

r 00 In such a way that r remains

bounded and r To 0

Ed for the given g
let and of be

solutions to Poisson's equation
that goes to

zero at infinity Let

4 0

Then we have

a'd 50 v0 E o

Also 4 and 1741 goes to zero at

infinity Now we integrate 4TH

over a ball of radius R
















































































































































Jul 4 dx f a 4h4 17412 d x 0

ER ER

Using Gnss theorem

f a 4 as 54 i upds
F Rrer

The ones of a sphere of radius R varies

As R the asymptote conditions on 4 and

74 ample that

I i adds 0 as R 00

r R

Therefore

him tu 4dk flat dk 0

R 00 r R
















































































































































where the Integral now extends over all

space This implies that

If 0 4 const

since 4 0 at Infinity const 0

Thus

10011
observe that this does not establish the

existence of the solution Just Its

Uniqueness

Int changes and E's functions

Let us consider point changes

p x̅ q8 x̅ x̅

We want to solve Poisson's equation
















































































































































Let us choose x̅ There can be at most one

solution to Poisson's equation such that

0 at infinity which must bespherically
Simmetric otherwise we could generate new

solutions by relations

Let us Integrate Gruss Low over a sphere

of radius R

J v Edx gs x̅ d r

rerrer

É Eir F rotationally invariant

Therefore since as normal to the

surface of the sphere we have

Ju Edx E Pds EIR fds
ren FR r R
















































































































































Therefore we obtain

4 R EIR 9 2 D Ecetaf.FI
Then from E T.sn

0cesat.E7
by impos.tn whenr 0

This as the unique solution for
a point

change located
at the origin

If we have n point changes 7 located

at Jcj we have

loesate.EITE.TT
















































































































































Now If we have a continuous distribution g x̅

we can break up space in to small volumes

Vi centered about Foi Then

Aq f x ΔVi

should act as point charges for very small
volume This suggests that the solution for
a continuous distribution can be written as

e ate.SE gdk
The point change solution when

used togenerate

solutions with continuour f x̅ Is called

Green's function In electrostatic the

Green function IS

loce.esate.IT
















































































































































In general If I any linear partial different
Operator A Green's function for the egraton

24 f
IS a solution to the equation

L.GG x̅ Slx̅ x̅

that satisfies the required boundaryconditions

If Gle as known the solution to

24 f can be written as

4 Gee x̅ flie de

provided the Integral converge


