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Today in Physics 218: review II

Here’s a laundry-list-like 
reminder of the contents of the 
second half of the course:

Retarded potentials and 
radiation by time-variable 
charge distributions
Pathlength differences and 
diffraction
Electrodynamics and the 
special theory of relativity

Left and right panels from “The Garden 
of Earthly Delights,” Hieronymus Bosch, 
c. 1504.
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Generally useful math facts
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Generally useful math facts (continued)

First-order 
approximations
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Generally useful math facts (continued)

Fourier transforms, 
2-D

Rayleigh’s theorem

Bessel functions
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Retarded potentials and radiation 

Retarded potentials and 
retarded time
Retarded potentials and 
the Lorentz gauge
Retarded potentials as 
solutions to the 
inhomogeneous wave 
equation

( ) ( )

( ) ( )

,
,

,1,

t c d
V t

t c d
t

c

ρ τ

τ

′ ′−
=

′ ′−
=

∫

∫

r
r

J r
A r

V

V

r

r

r

r

rt t c= − r



28 April 2004 Physics 218, Spring 2004 6

Retarded potentials and radiation (continued)

Retarded potentials 
for an oscillating 
electric dipole

The far field
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Retarded potentials and radiation (continued)

Radiated fields 
and intensity for 
an oscillating 
electric dipole

Total scattering 
cross section of a 
dielectric sphere

2
0

rad 2

2
0

rad 2

2 22
0

2

2 4
0

3

3 6 2 4

scattered 4

sinˆ cos

sinˆ cos

sin ˆ ˆ
8

3
4 , 2
3

e
sc I sc

p rt
crc

p rt
r cc

pc I
rc

p
P

c
aP I

c

ω θ
ω

ω θ ω

ω θ
π

ω

χ ωπσ σ

⎛ ⎞= − −⎜ ⎟
⎝ ⎠

⎛ ⎞= − −⎜ ⎟
⎝ ⎠

⎛ ⎞ ⎛ ⎞= =⎜ ⎟ ⎜ ⎟⎜ ⎟ ⎝ ⎠⎝ ⎠

=

⎛ ⎞= = ⎜ ⎟
⎝ ⎠

E

B

S r r

θ

φ



28 April 2004 Physics 218, Spring 2004 8

Retarded potentials and radiation (continued)

The color and 
polarization of the 
sky; reddening in 
sunsets and 
interstellar clouds
Demonstration of the 
wavelength and 
polarization 
dependence of 
Rayleigh scattering
Magnetic dipole 
radiation
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Retarded potentials and radiation (continued)

Multipole expansion for 
the potentials in radiating 
systems
Radiation field in the 
dipole approximation
Radiation by accelerating 
charges: the Larmor
formula
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Retarded potentials and radiation (continued)

Problems with moving 
charges 
Motion, snapshots and 
lengths
The Liénard-Wiechert
potentials
Fields from moving 
charges 
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Retarded potentials and radiation (continued)

Fields from moving 
charges.
The generalized 
Coulomb field and 
the radiation field.
Example: radiation 
by electric charge 
accelerating from 
rest, a rederivation of 
the Larmor formula.
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Retarded potentials and radiation (continued)

Relativistic charges and 
the generalized Larmor
formula

Bremsstrahlung
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Retarded potentials and radiation (continued)

Synchrotron radiation
Radiation reaction 
The Abraham-Lorentz
formula; radiation 
reaction force
Radiation reaction: a 
fundamental 
inconsistency of 
electrodynamics.
Runaway solutions and 
acausal
“preaccelerations.”
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Fields as sources of 
radiation: Huygens’s 
principle.
The Kirchhoff integral: 
“the far field is the Fourier 
transform of the near 
field.” 

Diffraction
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Circular-aperture 
diffraction and the Airy 
pattern
Circular obstacles, and 
Poisson’s spot.

Diffraction (continued)

( )

( ) ( ) ( )

2 2
0
2 2

2
1

0
8

2
0

N
F

F F

cE AI
r

J ka
I ka I

ka

πλ

θ
θ

θ

=

⎡ ⎤
= ⎢ ⎥

⎣ ⎦

1 1.22
D
λθ =



28 April 2004 Physics 218, Spring 2004 16

The facts about rainbows, 
and the short explanation 
of all the facts
Brief survey of the history 
of the study of rainbows
The geometrical optics of 
raindrops
Dispersion and the color 
of rainbows
Brewster’s angle and the 
polarization of rainbows

Diffraction (continued)
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Diffraction (continued)

Supernumerary arcs
Caustics and diffraction
Airy’s theory of the rainbow and the supernumerary arcs
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Electrodynamics and special relativity

Relativity and the four 
basic areas of physics

Brief review of the basics 
of the special theory of 
relativity ( )
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Electrodynamics and special relativity (continued)

The Lorentz
transformation and four-
vectors
Scalar products of four-
vectors, and Lorentz
invariants
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Electrodynamics and special relativity (continued)

The Einstein summation 
convention
The Minkowski invariant 
interval
Proper time and four-
velocity
Four-momentum and the 
relativistic energy
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Electrodynamics and special relativity (continued)

Newton’s laws in 
relativity

The Minkowski force

Relativistic 
transformation of 
forces
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Electrodynamics and special relativity (continued)

Relativistic transformations of E and B.
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Electrodynamics and special relativity (continued)

The electromagnetic field four-tensor.
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Electrodynamics and special relativity (continued)

Charge and current 
densities, the Maxwell 
equations, and the Lorentz
force, in tensor form
The four-potential and 
gauge transformations
The relativistic analogue 
of the inhomogeneous 
wave equation for 
potentials.
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