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To this point we have not used the notation
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Next goal :
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Maxwell 's equators
.
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Exercise : If = Sw

Sd f  = Df

A
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:
 at  ends x  is  a  up w : V - IR

.

A ? at  ends x is a  map
F- VtV→lR

,
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FCV,W)= - Flw , V )
.

( e.g .

the E - M field )
.

We an rep . by an

antisymmetric matrix
.
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,
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.

And each of these is meant to be integrated
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Big picture
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we've seen This Moreover d- = O
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we'll visit this for Maxwell
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,
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( 1911,12 an be  rep in tens of matrices
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vectors )



no dont Sd =D
g

11¥12 - Sd = M → maxwell operator.

So who is d
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w = [ Wo, we , Wz , coz ]

( do )ij  = Ii Wj - 3- wi

Exercise Lt did L = dw ( do transforms like

a 2- form )

Exercise d ? 1%12=0

This is a deep geneal - alias of DX ( Pf ) =D

div C QU ) = o



To describe 8 I need some  rotation .

An antisymmetric 4x4 matrix hrs 6 independent
entries .
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way
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Much kudu * DF transforms lika I - fam .



We deface Me : A '
→ 11

me - Sd

Exercise :  
- Sd w = Dw - also

where Bw = ( Duo ,  
.

, Dws ) .

Fact :that L = Mw ( Mw fans forms  as a I - form )
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p
=  o

- 8 dw = Dw -
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= C- Sol ,
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So
 in any fume

,
not pest at rest

,
taluses

Mw = Iq Ccp ,
- j )

These
are Maxwell's equations relating w and chase dusky .

They hold on . gerent
,

not just electrostatics
.



do  = Fife
,

- CB ) be def off
,

B
.

* do = If .cB
,

- f )

* d*dw= C- dive
,

cDxB - Jos )
- * d*dw - ( dive

,
- cDxBt2oE )

* of An ( R
, 5) = [ dins

,

- Tx Rhos ]

So ① div E = ÷
,

p
( Gauss ' Law )

- Ix Bt2oE= - to 's

④ Tx B = at
.

j - ¥2 .
E ( Ampere

's
 emotion

w
Kampen

,  addition )
u .

tire

Exercise : * d dw = O ( another face otdo )

* d File
,

-

a B) = [ - cdnB
,

-QEt2ofcB ) ]
③ div B -

- O I no magnetic sources )

④ 2B + Ox E  = O ( Family 's Law at Induction]



S ACR
,

s ) =  * d Th ( s
,

- R )
= [ dirt - R )

,
- do R - Tx S ]

=
 - [ div R

, Jo R this ]

S [ Wo
,

at ] = Long - diva

Exercise : 5=0

But Mw  =  - Sdw = ÷
.

Cop ,
- j ]

-

N

SR = - 82dm = O

T =L :]
Div J = O → consecution  of charge .

- Ipa← observed

huge

- density



Gauge freedom
.

Suppose Mew =Lj
CEO

AT =  wt off

ME  
=  - Sd ( wt df )

=  - Sdw t - Sdf

= I ,
j t O

.

Moreover, do  
= dwtdf  = do so sane EM field

.

These
one two faces of the some solution of Maxwell 's equation

and reflect a kind of coordinate  change .

Now New -

-
Dw - dsw

If we an arrange Sw = O ( Louro - diuw = o )

them Maxwell 's gentians mduee to were goatees



Is this
even possible?

D= w t df

Saf  
= Ew at Sdf

If = - Sw

So f- needs to solve on inhomogeneous  wane eg .

[ We didn't discuss
,

but solution alums exists
,

with

arbitrary initial data]

I. e .
 if

your amfmd are
, you an find are with 85=0

.

This choice of gauge is culled Lorentz gauge .

Start  with abitny w
. how

Pick f  a functor at spree  alone
,

- Af  = - Jo wot diva

So Sdf -
- - Sw at E- O

.


