
Siderite 2 : Maxwell efuhtion
0

.

Gauss 's Law

comes from Coulomb 's Law

Gauss 's Law : 0 .E→=
Ppg ;

E= E. Er
,

9 is the vacuum permittivity ,
Er is the relative

permittivity .

V. C.
.

. ) is the
divergence of L .  . . )

0¥ =

ffxigg, }⇒ . ( Ex
, Ey ,

Et )

Coulomb 's Law ( from experiment )

¥#op FI=a¥tso# = father .

we define field : FI = 9- •
E

'

;
E

'

= EAEI
428 . p2

→ OE'=Pz go to this form .

Integration form of Coulomb 's Law :;
I€¥E**gfeds : Electric flux .

ds= F. do ;
E 'o÷r ;



* s.E.de#=glp.r?d0.dq=fzg.42=fa.

Integration form of Coulomb 's Law
, Guass 's Law :

ffqsE.de = Is
.

This is true for changes ,
because F= # t FIT Fit .

...

$

.SE?dE=Z1e.=f#wIeodV

; p
: charge density,

Divergence Theorem : ( Guass 's Law )

Conservation Law : ←f¥#¥
Finds#

= # refs on
[

Combine :

f#w ( o . E low =

fffqupzdv

,
hold for au zv

.

TE
'

= f
Eo

.

This is the case in vacuum ,

what about in dielectric ?



onsi.IQ Feature
Er : relative

permittivity .

oE=It÷=A÷ ; o¥=t÷

Difficulties : �1� : for TE
'

=

Pteez ;

You limit ,±hematerial
response;

E = ECE
'

,
.

... )

the
possibility of

�2�
.

0¥ = pz ;
Because

you
need A calculate p !

P
= Pfeet Pbound

.

Maxwell defines : 0 .D→= Ppa ;
D= GE'tp→ .

p→ : polarization .

In linear
regime,

we know : 0 . Et =

ppg
⇒ ere¥=D→ = EE

'

+ P ;

F = ( Er -DEE
'

= XEE
'

.



0.53 =

go
. #

+ OF =

ppee

And we know : 0 .E→=f
Eo

:
. OF = Pfu -

Pto
.

'

F is called induced electric dipole moment density ,

polarization .

P describe the electric
response of the material

.

p→ is the most
important thing

in our class
,

and we

will derive how it back action to E
.

p→= ( Er -DEE
'

+ Pan

÷D= pfu : D= EETF ; p→= @-Deoestpni
.

Guass 's Law
,

Coulomb 's Law
.



�2�
.

Guass 's Law for magnetism .

( No
magnetic monopoles )

0 .B→=o
.

�3�
.

Maxwell -

Faraday equation

Faraday 's Law of induction
.

The induced electromotive force in
any

closed circuit is

equal to the
negative of the time rate of change of

the
magnetic flux enclosed by

the circuit
.

I =

.dz#;0IB=ffqB?dE
.

go.IE.de = - at# Bids '

'

¥0
Stokes Theorem :C Curl theorem )

§
.

F. de = # txpyds

⇒ # co×E's .ds→=. ¥ftp.dssf#fBlt
'

⇒ oxE= - date
key to EM wave



Cross product
: a→×b→= E

.

g¥Fb→
Hilal . lbl . since

.

a→×b→=

/enaxxagja¥f
Determinant

bx by
bz

= Ex (aybz - azby ) tey ( azbx - baax ) tezlaxby -

aybx )

HE
'

= ex ej a

HE#¥it
.

�4�
. Ampeire's circuited Law

Original form is :

ftp.deen.23¥
§a B. de =aof§sEds→ .

oxB→=µoF .



Thought experiment
.

# I
. 5th : surface density of charge .

1=1 On . ) 9 with time
.totes" FIT

Ere ? Free charge .
05

'
' PK

II
B.

, =s÷ ; B. =s÷b→=5 ; 0¥ → I
.

ND
→ rate of charge change → I

.

÷
xB→=µcJ→t3Bg )

.

|
ftp.oki#EEtF:B=soerEtpI.

0×E→= - SBI
at

,

o×B→=µ . l 5 't git )


