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Scattering and Diffraction

Section 10.2

Perturbation Theory of Scattering

Light travels in a straight line in a

uniform medium.

What happens in a non–uniform medium?



(A) General Theory

Treat the right hand side of (22) as a 

source, and use the retarded Green’s

function. Of course the right hand side is 

not known; but we can use the equation as 

a starting point for a pertubation 

expansion.

Also, we’ll assume harmonic time

dependence;   all fields ∝ e-iωt.
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Let D(0) be the unperturbed solution.

Then

Far from the scattering region we have an 

asymptotic equation,

where A
→

 (not the vector potential!) is 

called the scattering amplitude.
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With a bit of calculus (leave this as an exer-

cise) this can be rewritten as

Looking back at Section 10.1 we can

identify the differential cross section as

Here ϵ

 is the polarization of the scattered 

radiation.

Equations (24), (27), (28) amount to a for-

mal solution to the scattering problem.
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For Equation (24) we can use the method 

of successive approximations.

D(0) ⟶ D(1)  = D(0) + δD(1) ;

D(1) ⟶ D(2) = D(1) + δD(2) ; etc

If the scattering is weak then this will con-

verge a�er only a few iterations. 
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(B)  The first Born approximation

We' ll consider an example in which ϵ and 

μ vary with position x
→

.  So

δϵ( x
→

) ≪ ϵ0 and δμ( x
→

) ≪ μ0 .

So, in first-order perturbation theory, 

approximate the fields on the right-hand 

side of Eq (xx) by D(0) and B(0)
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For a scattering problem, the unperturbed 

fields are just the incident plane wave

So in this first-order approximation the scat

tering amplitude becomes

where q
→

 = k (n


0 – n


 )

[like the momentum transfer

in quantum mechanics]

Then the cross section is the square of the 

amplitude.
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Example.

A long-wavelength approximation

Let' s proceed, making the

approximation ei q
→
• x
→

≈ 1.

I.e., assume the wavelength is large

compared to the length scale of the

variations  δϵ  and  δμ .

The result is a dipole approximation ...
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If the variation of the medium consists of a 

dielectric sphere embedded in the 

medium, the results are

In fact this is exactly the same as as the 

long wavelength result (dipole approxima-

tion) in Section 10.1.
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(C) Blue Sky (and the sunset)

Lord Rayleigh (John Strutt);

published in 1871 and 1899

Friday we discussed the angular distribu-

tion and polarization dependence of the 

scattering of light by a dipole (Figure 10.2).

Today we'll focus on the

total cross section. 

10



For a single molecule, p
→

i = ϵ0 γmol E
→

( x
→

i) ; 

recall 

Then the differential cross section is

The form factor Fq
→
 = 
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The cross section for randomly

distributed molecules, 

Attenuation of the incident beam

I(x) = I0 e–αx

α = attenuation coefficient 

Rayleigh scattering :

the incoherent scattering by randomly

distributed gas molecules.
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σ ∝ ω4

White light from the sun is scattered more 

for high frequencies  (violet and blue) and 

less for low frequencies (red and orange).
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Physically: the spectrum of sky light is 

peaked at high frequencies;

Biologically: the light of the sky appears 

blue.

Sunsets are red because at sunset the light 

travels a long distance and loses its high fre-

quencies by scattering. 
In[  ]:= sunset

Out[  ]=
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In[  ]:= concluding
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