
Equations of Physics 323 - Electrodynamics 
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Derive:  1 1 2 2sin sinn nθ θ=    Brewster: 2 1tan /B n nθ = ,  critical angle: 2 1sin /c n nθ =   and Fresnel equations 
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General complex dispersion:  k(ω) = k’(ω) + iα(ω)/2   where  k’ = 2π/λ ,   n = ck’/ω   and intensity I ∝ e-αz 

Dielectric dispersion:  
2

2 2
0

11 j j
r

j j j

N q
m i

ε
ε ω ω γω

= +
− −∑   where the sum is over all sets of oscillators 

Plasma dispersion: 2 2 2 2( ) /pk cω ω= −   where 2 2
0p e N mω ε=      Waveguide: 2 2 2 2( ) /mnk cω ω= −  

Lorentz gauge:   If 2

1. V
c t

∂
∇ = −

∂
A  then  2

0/V ρ ε= −    2
0µ= −A J    where  

2
2 2

2 2

1
c t

∂
= ∇ −

∂
 

Retarded potentials:    3
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Approximations: r λ , radiation zone;    dλ  long-wavelength (compact source);     r d  dipole limit 

Electric dipole radiation fields, be familiar with ( )0 ˆ ( )
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For a source with p = p0 sin ωt ,   
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Fields for magnetic dipole have B and E interchanged and are smaller by ~ d/λ 

Derive Larmor formula, 
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Understand  the Lienard-Wiechert potentials: 0( , ) / 4 ( . / )V t q s cπε= −r s v ,  A(r,t) = (v/c2)V(r,t) for charge q 
moving along trajectory w(r,t), where ( )rt=v w ,  ( )rt= −s r w ,  and tr is specified by ( )rc t t− = s  
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     recognise: 0F x Jµν ν µµ∂ ∂ =   and   
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More scalar invariants: 2 2 22( )F F E c Bµν
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Derive field or potentials of charge in uniform motion by transforming Coulomb field or potential 
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