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Maxwell’s Equations

Diffraction and Interferometry
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Properties of the Polarization

( ) total field in materialU t =
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Maxwell’s Equations in Absorbing Media
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Assume: source-free, infinite, homogeneous, isotropic, stationary, nonmagnetic, no 
free charge.
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Maxwell’s Equations in Absorbing Media

( ) ( )For harmonic fields of the form ( , ) exp ,t j t= − ωU r A r
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  relative permittivity (relative dielectric constant)rε =
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The Wave Equation in Absorbing Media

( ) 2Application of the identity  yields∇×∇× =∇ ∇• −∇U U U

( ) ( )0For harmonic fields of the form ( , ) exp exp ,t j j t= − ωU r A k ri

ˆwhere 

,

and  is the complex index of refraction.

r r i

r

k

k k jk
c c
N

ω ω
= ε = +

= ε

k = k ,

= N

(HELMHOTLTZ EQUATION)
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Power Flow and the Poynting Vector

[ ] -1VmU =
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IRRADIANCE:
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Beer’s Law

( )

A solution for complex  is 

ˆ( , ) exp exp ,
2

where 2 /  and 2 4 /  is the absorption coefficient.
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Beer’s Law via the Band Model

The band model is used to more accurately describe 
the absorption process, but a similar frequency 
dependence is found.

Single photon

Level 1

Level 0

01p gE Eω ω= = == =

(Fig. 2.2)

OPTI 505 © 2009 Tom D. Milster Slide 2-10

Frequency Dependence of N

Either the harmonic oscillator or the band model shows 
that n and α depend on temporal frequency.

decreased transmission 
near resonance

increased index near 
resonance

(Fig. 2.3)
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Wave Equation in Free Space

Maxwell’s equations in free space:

Lead to the free-space wave equation:
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(Helmholtz Eq.
in free space.)


