


Revision sources

Maxwell eqs
: D . E= & B = 0

Dre+ +B- =u
Continuity eq: + 1 . 1 =0

Lorentz face : E = g(E +ux1)

Linea PDES : solve all of them (in some setups some are trivial)
· principle of superposition

Electrostatics and magnetostatics in #3

Scalar and vector potentials

E--1d , B=x1 , satisfy Poisson eq(in Lorenz gange)

1 E = -Did= similarly for A

↑=avSA-

Ee(dV's( /+Mar (#)
↑ ↑

electric field of Bict-Savant law

p.

C
'
's added up



Common solution method : integral form of ME's + synum.

Id EQiusideR , JarB =

M . Ithraught t
C=][

Multipole expansion , Dipole field

Macroscopic media and boundary conditions

& (2) = Afra(1) + Adipoles (1)= (dV(Sfree() - D:()
-r
Sound()electric polarisation

(ordipole) density
#E= (Street bound)

=>I) = Stree
=E



Similar logic for B : DxB =

Mo (Ifreet IM
magnetisation
density

=>

Dx()
MES in medium

D . (3E) = Stree & B = 0

LVE+= Dx-b free
-> neorganise (source free)

DrB-Er
Ez speed in medium

Matching across boys
GA

1
. 01 : curled 1 : div eg

E
V

~

↓ (2*

E
+
-E) = Jare ,

E - (Et-Ey = 0

h . (B" - 1) =0 I .(0 (Ive

Solve PS3/Q4b
,
c



want to determine

Electrostatics in finite vol ⑭

- 1 .(E
dyn determined in Conductor

fixed for insulate

Problem : E =-D P2p=- in R

BEka = V(1) on1
solution methods: solve for fixed Stree

· Green's fur
· method of images
· outhonormal fus.

Green's fas

D "
G (( ,2) = - 4πG(X -1)

-
↳
unprimed , but
G is symm



True for any Green's fu ,
need to make choices to make useful :

· Gp(t ,) = 0 VER , NEE

↑() =car"GEE-(d
ve

( R E= JR

·JER ,L

&()=av"Gen + JdS'G +<
-( R E= JR Tgiven ( boy average

canbe shifted
to 0

Ex : R=I3 G(K) = it'v

Method of images (also for Green's ful

Ex : Conducting plate & z = 0
, potential of p .

c. . in 720

↑E=.



Gp([,R
↑

a pot of p .C . on

Other et's are sphere , spherical shell , wedge , parallel plates

Orthonamal fu's

On (a
, b] interval : f(x) = In Un()

-
any well-behavedfr

Sax un) un(x = Jum orthogonality

Ink) un(X) = G(x-y) completeness

=> Cn = (dxun(x)f(x)
We will do these on other regions as well ,

want them to play
nicely w/ D2 :

·Co ,a] : un(x)= sin() Dun = - (un

· [0 , a]x20 ,b) : Unim(x,y)= sin(sin()

jaxdy Mum(, g) Unmi (5, y) = Jun'dum'
e

A

[Unm(x ,y) um(x,y = G(x-xy-y :d

* Una = -[((2Jaum



· R : Unit , f(x)= (2) eitS
(inverse)

~

replaces sum
↓ e

(2)=dfi
n

a

Orth: Jax zick'
-2) x

= G(k -2)

Completeness: Jak e
=k(x'-x

= G(x-x)

Due = -We

· S' circle : Um eim Dum= um = -mum

Cyliurical polar : f = F(r,z)um()

D2f = (EF ++ (rdnF)]um + FDsium
my
-we

m

· S sphere : Kem
= Yem(G,
1)Pem(eime DzYem = - eltYem

Spherical pola : f = F(r) Yem()

*f=Gr(2F) Yem + FXhem
- e(ef1) Yem

Orth: sine Temien = dee'Sm



Completeness: Fem(1) Yemle = side-

Solving electrostatics problems w/ outh fu's

Ex. R = (0 , a] x [0 , b] + 1
, $(0, y , z) = ↑(a, y,z) = f(x,0

,z= 0

& (x ,
b

,
z) = VotVeSin()

Basic sol : k = sin(x) Y(y)

=(+ Y(g] Sin() = 0

=> 0 = Y = sink (ty) no

Y = Y n=0

Principle of sup : 4 = Vo + Ve Sin() Sink()/sin

Ex
.
R = /R3

, Stree =S
*
Yz

,
3(0, 1)

Look for sol as b = F(u) Y
,
3 (0,9)

N2p = (F" + zF - EF)Yz3 = - S
.
r
* Yz

,
3

Power Ansatz : F = (8
.
r4+2

· (((x+2)(x+1) + 2(k+2) -56]+ - 1

c =-x+3156



Constructing Green's fus using orth . fu's

Ex. R = IR3 using translation Symm (Method1(

II

6 (F ,
2) = [un(x)un()".N ↑

n

↑ 2in=-ke

Ex. R = IR3 using rotation Symm (Method 1k2)

#G(y) = - 4G(k -2) = - 4 de-e
↳ inv

. Jacobian

↑-- Yeme Yeml

completeness

Inspires writing : GD = [mAem(r,vi) im, 1) Yem(,e)

-
-



Method 2 : y ,(r = re
,y

= -C+ P= -We - Get
↑ ↑

reg o n = o decay for>

Ac
, m=y :Emily!

r>: = max (v, r')
↑
92

Electrodynamics

# = 0 - B = DX1

=+E
Fix gauge freedom (in vacuum) : 0=A Laveuz gange

Other two vacuum MES : 14 = -* DE = -Mo]

B =- +D

Time dep Green's fu : D4= - 4Tf(X,A)

& G(,tiwt) = - LTG(l-Yd(t- t))

↑(r
,t) = (dedV'G(yit;it) f(xit)

R3xR



G(tit=/da de g(2 ,w) ei
-1) -w(t-t)]

R3xR ↑
4

1212-co
Method

↑I
d(t-t-

contai integration
w contour on UHP

& (it)= (avl S( +r) toat-IIt-u'

t([ ,
t)= (dV)((zi tr)

It-I'

For moving p . c
.
this evaluates to :

I
& (2, +)=r)1 -

&Cu-Y)
& (tul= -Voltr)

, tr= t-
R(GL) C

Alt)= ( ,t)

Frzo : E=
B= +(



E &M waves

In medium source free MEs :

RE = O
,
I . B = 0

#E,
↳DxB-

=> Dx (Faraday) = D (E)-DE +GA[-+
similarly for I

Basic sol : monochromatic plane wave (saw already in Gful

i (b .-wt)
E=opt Ik

E = 0,

Simple case : E
.
=Fe

,
real

, b= ke , E = Eoe
, cos(k(x - vt))

Z

↑ B = Eeycos(b(x -ert))
E
-

7

Check Wiri for animation



Energy

Energy in fields : E = F(IEP+c1B12)

Poynting vec. energy current : PEx

Energy cons : E +D-
-

work density
done on E&Mfields

Average energy current in plane wave (PS4/Q7)

E (,t) = Re(Ec (,+)) =< cos(bk -wt) - B Sin (b- - wt)

↑ ↑
Re Eo ImEo

&,
(E ,E, B) right-handed -E Sir (2 ...)]
orthogonal

It2
s



Wave reflection problems

· Ex22 in Lectures

· E in X-z plane exercise (results in thenotes

· PS1/Q7

· 2022/G3 :



() Eo
=>E . E = 0

7

Xo mirror

E = to &cos(b -wt) + C cos(b! -wt)

k - 22 = 0 = 2 = (cost, 0
,sint)

BCs : E20-1 .

2
= 0

E . 22 = 0 = 0 = E
. cos)E (singz -(t))

X=0

+ C .ecos((ey + esz - ct)

= e = o
, essing, ep = -cose

,
G'= E

bin indep
=> C = - EoEz↑
De = 0
-

↳ 2
,

= o

E = E
. En [cos((cosex + simez-ct)) - cos()-cosEx + sinez-c)

=> 2EoE Sin(CosEx) sin((sinGz-ct))
↑ ↑

BCmanifestly true 1D plane wave

Note that we didn't need the magnetic BCs



· 2020/Q3

Z

>
y

Same BC as in previous problemh

: I E = ZEoe , Sin (case(y-a))
-

7

> ↑ Sim((sing z -(t)
*Y
y + y

-a

- -2, Sin (g)sin
↑ ↑

Bloy =0
can become

Sin(Ecosea) =o imaginary

Ecosean
COSE =C can formally exceed 1

wa

win is when1Win for usWin

have prop modes (more allowedis

far larger w)



oth 2nd
· 2024/1

· &

9
,

20 + 1
, ...

=26-f
2- f . ...

f ⑨

=> fu =

ne +f n even

= 20+1 TG) e
·

=I- f
&
In+16-1 n add

8+ 2



Required famulas

No need to memorise div, cal , Laplacian ,
but look at them

to see if they make sense .
Grad is easy

:

~
1 is needed

,
e

. g. [ =&++Perse of dd= ~ sincof

& Ik-w' =
--↓
If-w/lx (14) = 0

, 1
. (1xf) = 0

a x(bx() = b(a() - ((ab)

9 (b +2) = 2 . (ax) = -b(a +2)

1 x (a+b) = &(B-b) + (3-1)a - b(1-a) - (GD)1

1. (ax2) = b : (1xq) - & - (**b)


