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Physics 386  Spring 2006      Exam 2 Review 
 
9.2:  Electromagnetic Waves in vacuum:  Maxwell’s equations with no sources: 
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tromagnetic waves move at a speed 
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c
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1=  which, of course, is the speed of light          

c = 3 x 108 m/s.  Monochromatic plane EM waves:  )(
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.  These 

waves are transverse in the sense that E and B are perpendicular to the direction of motion. They 
are plane polarized in the sense that the surfaces of constant phase are planes.  Faraday’s law 
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 where n̂  is 

the polarization vector of the wave. E ⊥ B.  Clearly 0ˆˆ =• kn  For a linearly polarized wave, n̂  is 
a constant vector. 
 
With ( )212

2
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oo µε +=  and 212
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c
=  for EM waves, u = εοE2 = εoEo

2cos(k.r-ωt).  

The Poynting vector becomes ktrkEcS oo
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 = kcu ˆ .  The momentum density 
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Taking the time average of these quantities we get a factor of ½ from the cos2 term which yields 
< u > =  ½ εοE2 ;  kEcS oo
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1 ε=  .  The intensity is the magnitude 

of the time averaged poynting vector 2
2
1

oo EcI ε=  .  Finally, the radiation pressure is related to 
the intensity by P = I/c.   
 
9.3: Maxwell’s equations in media: With no free charges or free currents: 
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For linear medium,  BHED
rrrr

µε 1   ,  ==  .  thus:  
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For EM waves in matter the velocity is n

cv ==
µε
1  where rn

c
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n εεµ
µε ≅==  for µ ~ µo. 

Therefore:  ( )212
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Reflection and Refraction: At the interface between two linear media, the boundary condition 
becomes:  
 
           ⊥⊥ = 2211 EE εε   (from Gauss’s Law)                  ||
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1 EE
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Reflection and transmission at normal incidence: Separate fields into incident, reflected, and 
transmitted: 
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.   Applying the boundary conditions at Z = 0: 
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 which leads to the relationship between 

real amplitudes:  IR E
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Reflection and transmission at oblique incidence: 
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Matching of the phases implies that:  kIsinθI = kRsinθR = kTsinθT , which gives: 
the Law of Reflection: θI = θR and the Law of Refraction (Snell’s Law):  n1sinθI = n2sinθT 
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With z normal to the interface, which lies in the xy plane, the matching conditions at the 
boundary become: 
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These are the Fresnel Equations.  Brewster’s angle (EoR = 0) when α = β or 
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9.4 Absorption and Dispersion:  In a conductor we have J = σE which leads to Am-

pere’s law written as: E
t
EB

r
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µσµε +

∂
∂

=×∇  which leads to a wave equation of the form: 
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For a material (dielectric) whose electrons can be modeled as damped driven harmonic 
oscillators, we can solve for x(t) from F = ma, to get p(t) = qx(t) and P = Np(t)   which in 
turn is proportional to E, so we can write P = εοχE.  Since again χ can be complex we 

have k = k + iκ which again give E of the form: )(
0

~~
tkzizeeEE ωκ −−=

rr
.  The dielectric constant 

can be derived from the response of the electron being driven by an applied electric field.  For the 
case of an electron modeled by a damped spring-mass system, this results in the complex polari-

zation: E
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Potentials and Fields:  With Maxwell’s equations including sources (i.e. current and charge 
densities) we still have the same relationship between the vector potential and the magnetic field:   

AB
rrr

×∇=    however the electric field is given by:  
t
AVE
∂
∂

−∇−=
r

rr
.  These definitions 

allow for a gauge transformation:  λ∇+=
rrr

AA'  ;   
t

VV
∂
∂

−=
λ' , where  λ is some scalar 

function of space and time: λ = λ(r, t).   

Coulomb Gauge:  Choose 0=•∇ A
rr

 and 
o

V
ε
ρ

−=∇ 2 .  This gives rise to the familiar 

form for V from electrostatics, but the equations for A are very complicated. 
 

Lorentz Gauge: Choose  
t
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∂

−=•∇ εµ
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 which gives rise to the very symmetric set 

of equations:   J
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r
r

r
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∂
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−∇ 2

2
2 ;  and 

o
oo t

VV
ε
ρεµ −=

∂
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2
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2
2

too ∂
∂
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The solutions to these equations are:  '),'(
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+ℜ

ℜ
=

r&rr
&

rr
 and 

'ˆ),'(),'(
4

),( 2 τ
π
µ

d
c

trJtrJ
trB rro ℜ×
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ℜ
= ∫
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For point charges we have the Lienard-Wiechert potentials: 
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•ℜℜ
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and   
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•ℜℜ
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 where v is the velocity.  These equations give the fields 

from a moving charge:    )]u(u)v[(
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ℜ
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Radiation: electric dipole:  

⎥
⎦

⎤
⎢
⎣

⎡
ℜ

ℜ−
−

ℜ
ℜ−

=
−

−

+

+ )]/(cos[)]/(cos[
4

1),,(
ctqctq

trV oo

o

ωω
πε

θ  which, with the appropri-

ate approximations gives )]/(sin[cos
4

),,( crt
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averaged vector.  The time averaged radiated power is ⎟⎟
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From arbitrary source:  )]ˆ(ˆ[(
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Point Charge: )]ˆ(ˆ[(
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