













































































































































 

Classical Electrodynamics

Lecture 03

Ehotos

Energy
















































































































































Interaction Energy

The energy density of the electric field
In electrostatic as given by

E E le
2

If the density g as smoothly distributed

over spacetime and o at infinity we

can write the befit energy as
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Now let us suppose that we have

g 9 92

8 associated to the solution of

f Associated to the solution 0 2

g Associated to the solution

The total energy is

v Elle Efdk

E lÉ l'd c EfÉdk e JE Etc

The fields E and E me associated to the

potentirists and 02 The last term Is the

Interaction energy of the fields

want e.SE E Dx

side die fp disc
















































































































































Let us now consider a changed body placed in

an external field that satisfies Laplace's

equation on a neighborhood of the charged body

9204120

If we assume that
ext o as tic 00

is created by distant changes we

can compute the interaction energy
I

went 190 d x

using Taylon expansion
we have

first 1 l to i

9 P.JP e.Ito Qiifstpie
Here we defined
















































































































































total change q fixg
Dipole moment p fdic x̅ g x̅

Quadrupole moment Qi Jdc 37 x r'fi ptic

The force on the changed body in the cohens

field Is

F Fdic false get É x̅

Ecc Ese's Eext

self field of the body

settee
t ate Isak É

Now we write

at idi ate.l te esd c
















































































































































and the force due to the self field as

Felt 95EE tc eta3cd3d o

since the integrand with x̅ x̅ has the opposite
sign of x̅ x̅

This is not zero in general in Electrodynamics

Therefore we have

I g x̅ e disc

In the same way we did before by Taylor

expanding E eel next we obtain

the i th component of the force as

a I fi algtoEainffentx̅
















































































































































that can be written as

E qEe fp.ir toElin ÉI to

From this we can compute to tongue as

I x̅ xf disc f x̅ x gaic E e d x

P x x̅

Let us come back to the case of point charges

The energy IS

v fielde e ftp c

Eat
00

As mentioned before point charges not

yield a mathematically reasonable

description of changed matter
















































































































































however the antennation energy of the fields

of two point charges Is well defined

u Jadedic ate.EEcT
The force on apoint change Is simply qÉ

Leading to
Coulomb's Low

Fee at f
x̅ unit vectorpointing in the Direction J 22

Observations Usually we shut from this expression

for the force
and compute the work Done to

bring change G
to x̅ for rufinity

while

holding f fixed
at 25 then we equate

the work with the change in the electromagnetic

energy
















































































































































But this holds only if there is no change

In the internal energy of the changed body

While this is true in electrostatic the motion

must be quasi static It Does not hold

In general not even an magnets titic

Therefore the energy Density

Ʃ E IEP

should be viewed as a fundamental property

of the field


