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ID Electrostatics
electric phenomena involving timeinndmt
distributions of charges and fields

1Gntmt ( so far )

I fsulomb 's law

¥7The electrostatic scalar potential lE= - toi)
11.3J The Dirac delta function

11.4J Gauss ' law and Poisson's equation
0

:



7last lectureI :

J - E = fo p Gauss' law

JnE=o ⇒ E' = -JI

combining these into a single eq

¥Epf Poisson's q
-

her §

Any solution gives E? by E- - TOI
Also : E- qE is the force on a test particle of
-

charge q in
the pretence of the field

FEE generated by p If )



F)
°
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11.5J An important example

illustrate

. Gauss ' law
in

• complications we find when trying to
compute E

'

or § when there are boundaries
between regions in space



We have seen that for a antivenom
distribution of change p III in a

bounded region V we have

for

*ito !
'
'
i id"

solves Poisson eq .

T
'

E e - ¥ p

µ Moreover : III )
no f- as r → •

(com you prove this ? )

of course : Iii ) = - TEN ;¥plM du
'



But : what happens when there are charged

surfaces in a region V ?

Suppose there is a surface I a IR
'
which

has a surface change density T .

( E : eg thin metal surface 1

This configuration generates an electric field

smoothECT =¥f
. ¥ TITI

, pds
'

is on
← smooth
<

at all points IElR'l



HIEN : there is discontinuity in Elin
as one crosses I !

dai_m : . the components of E tomy to -2
owe csnho across E

⇐
. the component of E

'

MY to E.

•
is not continuous and

^

n¥€
,

'

Ein - E. ii. §

D= normal to E in the direction
of II in region 2



Proof of the claim : use Gauss ' law

^ "
fomridw a region V

f- - - --7which is a cylinder of
height h and cross

sectional area 85

Gauss' law ⇒ f E. d5= ¥ fools
{ E. di Gods 5-av s



¥±d5= ¥ Gods

Then in the limit h→ 0

§ E. D8 = § Eids - {I. d5 = ¥ Gods
In

a

vids
/

Then
£
,

. is - E
,

- in = ¥0



Cormier instead a rectangular bop 6--2 A

bounding a rectangle A of height h andlengthen
a ←EE
#I

1- e- I

Recall also 7h I = 0
.

Then

• = ftn E) . DTA = f E. dei
q

n

A normal / 6=2A

+o In
stoke 's theorem



in a ←EI
#I

1- e- I

then

o=fe=an¥dIf f. Eide - {E.DE
limit where h → o

where dI= Edl
,
E unit tangent vector alonge.°

. Eh . I = E. E

or equivalently : I¥-E'hri
-



from dnctors and insulators

A- commitor is an object with a large number
of free electrons I change carriers!

Conductors respond to external electric Gels :

the tree charges move around the material

as long as they experience a force

until they reach equilibrium

Two important consequences



① In an Eating situation , ignite a conductor

£ = 0

because if it weren't thus by Gnbmb's law the

tree electrons would continue to move



② Suppose a conductor is placed in a region where
7there is an electric field Eat .

Then the eletrons areforced to move until
.

.

.

.

- - .

.

.

.

they reach thesurface .

. I

oratfedelghmigwfjddinn.de reaches its equilibrium;¥=o-

'

'

,
-
I

@ ne then finds electrons very close iii.

g Ee
to the surface producing a surface '

-
- -
i. -
i
'

ext

change density 0 and they comerate
an electric field which precisely
cancels Etext

MORIN : as E' innit = 0=-7 inside
⇒ ④= constant everywhere
in the conductor

that is a conductor is an equi potential region of space



An inhaler
,
or dielectric material

, on the other hand
is an object with charged particles strongly bounded

TT

to molecules .

In the presence of an external electric field ,

charged particles shift positions in response
but do not leave the vicinity of their molecules



11.7J Energy stored in the electric field
-

let q , be a point change at ri
.

The electrostatic potential § , IF) due to this charge is

④ IT ) --
a, ,r, at it ri

consider now another point charge q.
at infinity .

In moving this charge from infinity to a point F.
we find that the work done in moving the

charge against the electric field £
,
due to q , is

Wa = q. It , 1%1=9-2IUITGO ITz -T , I



Now move another charge q, from infinity to I.

The work done now againt the ele Nic field
¥ + E due to the charm 9, R 9 ,

Wo - II. I " ir¥m)
= 93 III. Crit + Buri ) )



We can continue bringing in charges ay , - - qw

from infinity and clearly the total work done is

w=u÷i "
⇒⇐o

. ¥.
=L

,
% Ei

For a continuous distribution pit) , the work done is

W= at fvp IM IN d4
[ potential energy pw unit charge stored
in the electric field £ = -TIE



We can write this nstnstial energy in twins of E.
use Gauss

'
law to eliminate p

:poI=¥④I=eo( FLEET . Et )
= to ( T.IE E) + IE12)

Then
w= £ If ④ E. d5 + ! IET DV1I av

Taking V = a very large ball of radius r
and QV a sphere

⇒ first Guns vanishes when In § as r→o



Hence
,

W = ¥ ↳, IET
'
d V

We can identify the inteowand as the energy dmnty
←ETH
-

-



Next : Boundary value problem in
electrostatics


