
Electricity and Magnetism

Special Relativity
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Relativistic Mechanics
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Electrodynamics
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mv2

?
2B 
c =

eB0

mc

Weakly Inhomogeneous ~B: ~vD = c
B

�
��
e
~r?jBj+

mvk
e

R̂
R

�
� B̂

d
dt (mvk) = ��B̂ � ~rB

Electromagnetic Field Tensor
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Transformation of Fields
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Energy-Momentum Stress Tensor
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mechanincal energy density: ~J � ~E
EM energy density in V: E2+B2
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Multipoles
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magnetic dipole:
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Electrostatics
~R = ~r � ~r0

vector to �eld point: ~r vector to source point: ~r0
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Conductors
a. ~E = 0 inside
b. � = 0 inside
c. any net charge resides on surface
d. surface is equipotential

e. ~E ? to surface

Magnetostatics
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Induction/Circuits
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Kirchho�'s rules:
1. The sum of the currents entering any junction in a circuit
must equal the sum of the currents leaving that junction.
2.The sum of the potential di�erences across all elements around
any closed circuit loop must be zero.

Speci�c Useful Forms
in�nite wire: ~E = 2�

r r̂
~B = 2I

cr �̂

solenoid: ~B = 4�
c nIẑ

toroidal solenoid: ~B = 2NI
cr �̂

Images
an image is never in the region where it contributes to the po-
tential, it is essentially a new problem where the conductor or
dielectric is removed
sphere with total charge Q or potential V 6= 0:
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Separation of Variables
r2� = 0 r2� = �4��
E;B ! 0 at 1 E;B �nite at origin

cartesian: @2�
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P

1

l=1
(alr

l + bl=r
l) cos l�+P

1

l=1
(alr

l + bl=r
l) sin l�

grounded conducting cylinder in uniform E-�eld:
� � A cos(�) + B

r cos(�)
3D case: �(�) � cos(l�); sin(l�) Z(z) � sinh(kz); cosh(kz)
R(r) � Jl(kr); Nl(kr)
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Electromagnetic Waves
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! set by source (does not change in medium), only k changes in
medium
transverse waves r � ~E = 0 (polarization de�ned by ~E):
~k � ~E0 = 0 ~B0 = k̂ � ~E0 j~E0j = j ~B0j
Poynting: h~Si = c

8� j~E0j2k̂ = hW ick̂ Intensity: I = hSi Energy
Density: hW i = j~E0j
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8� = h~pic
Momentum Density: h~pi = j~E0j
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k̂
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Radiation Pressure: P = I
c

Re
ection/Refraction:

normal incidence: R? =
�� sin �0��
sin �+�0

��2
parallel incidence: Rk =

�� tan �0��
tan �+�0

��2
1.incident, re
ected, transmitted waves all lie in plane of inci-
dence (de�ned by normal of the boundary cross k)
2.�I = �R
3.nI sin �I = nT sin �T
total internal re
ection: sin �I =

nT
nI

Brewster angle (angle where re
ected wave estinguished): tan �B '
n2
n1

dispersion: k2 = !2

c2
�(!)�(!) n(!) = c

vph
=
p
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Quasistatic Field Near Conductor
~r� ~H = 4�
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skin depth:
1. solve zeroth order problem assuming conductor is perfect
2. use vacuum solution as B.C. for skin depth problem
�elds go like e�i!t

� =
p

c2

2��!� P =
R
1

0
�hE2idx



Waveguides
~E; ~B � e�i!t ~r� ~E = i!

c
~B ~r�B = � i!

c
~E ~r � ~E = ~r � ~B = 0�

r2 + !2
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t +
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� k2
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[Ez(x; y); Bz(x; y)] = 0 r2

t =
@2

@x2
+ @2
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BC's: ~Ek = 0 B? = 0
case 1: TM mode Bz = 0 B.C. Ez = 0 on boundary

case 2: TE mode Ez = 0 B.C. @Bz
@n = 0 on boundary

case 3: TEM mode Bz = 0 Ez = 0 (must have two conductors)
cut-o� frequency: 0 < k2!2 = !2 � 
2nmc

2 ! ! > !c = 
minc
dispersion relation: !(k)
rectangular geometry:
TM: Ez(x; y) = E0 sin

m�x
a sin n�y

b
TE: Bz(x; y) = B0 cos

m�x
a cos n�yb

lowest frequency: �rst non-zero TE mode with k=0
circular geometry:

TM: Ez =
P

m;n
Jm
�

mn
a r
�
(Am cosm� + Bm sinm�)


mn = nth zero mth order Bessel function

Resonant Cavities

Radiation
Must have ~p (or ~m) = ~p0e

�i!t

electric dipole:
dhPi
d
 = ck4

8� j~pj2 sin2 � ) hP i = ck4

3 j~pj2 = !4

3c3
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magnetic dipole:
dhPi
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 = ck4

8� j~mj2 sin2 � ) hP i = ck4

3 j~mj2 = !4

3c3
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180c5
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Larmor forumla: P = 2
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