
On Interference
Let us remember that the Green’s function we have found is the solution to[

∇2 + k2
]
G(~r − ~r′) = δ2(~r − ~r′)

with the boundary condition that it represents an outgoing wave at infinity.
In electrodynamics this equation is reached from Maxwell’s equation with

the assumption of wave solutions with constant angular frequency ω. Thus it
simply represents the amplitude of a wave generated with a point source of light.

Remember Maxwell’s equations are linear. This means that solutions can
simply be added to form other solutions. This is also true for sources. If we
know what happens with a point source we can also go on calculating with a
collection of point sources and in a continuum approach calculate what happens
with a distribution of sources.

Now let us consider the experimental setup as in the figure. The point
source si located at ~ρi with respect to the canonical origin. There is a planar
observation apparatus -a screen- and the figure manifestly shows the geometry
for a single detector on the screen situated at a vertical distance y.

Now what the is amplitude due to source si at the detector? Well it is simply
given by the solution of the Hemlholtz equation with a point source which is
the Green’s function we know. This contribution is

1

ri
eikiri

We shall assume all sources are coherent and in sync thus ki = k. The wave
vector pointed towards the eye is also given as ~ki = kr̂i. However it is better to
express this in terms of ~r. In this case we have
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1

|~r − ~ρi|
exp(ik|~r − ~ρi|)

We now can use the approximations we have made as usual and arrive at
the following assuming r is large -that is D is large-

1

r
eikr exp (−iksin(θ)ρi)

Note that ~ρi ·~r = ρir sin θ in terms of our parameters. But in the approximation
we are considering y/D is small and so sin θ ≈ tan θ = y/D. We can therefore
say the amplitude at the detector due to the source si is

eikr

r
exp

(
−iky

D
ρi

)
We have to superimpose the contribution of these sources. If all these sources

are located on the same position on the x axis we can use the above formula for
each.

Now let us assume that there the last source has a maximum separation
from the x axis. Let us call it ρmax. We shall assume ρmax << D. We can
further assume that σρmax << D where σ can be a large number say 100. In
this case the region of the summation can practically be extended to infinity. If
on top of this we assume that the source si has a strength given by a function
s(ρi) the total amplitude on the detector will be

eikr

r

∫ ∞
−∞

dρe−iαρs(ρ)

where α ≡ ky/D.
The amplitude will therefore be

I =
Io
r2
|f |2

where

f =

∫ ∞
−∞

dρe−iαρs(ρ)

which is simply the Fourier transform of the source function s(ρ).
The following is a list of interesting source distributions

s(ρ) = δ(ρ) point source

s(ρ) = δ(ρ− a) + δ(ρ+ a) two point sources

s(ρ) =

{
1 |ρ| ≤ a
0 |ρ| > a

an aperture

Now since we are at this let us also talk about further niceties of light
interference -namely the Fresnel spot. Consider the following source function.
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s(ρ) =

 1 − a ≤ ρ ≥ −δ
1 δ ≤ ρ ≥ a
0 otherwise

This is like an obstacle of length 2δ placed in the middle of an aperture of
2a. The amplitude should be proportional to

1

α
[sin(αa)− sin(αδ)]

Note that at α = 0 which means y = 0 the amplitude reaches its maximum
value!!!! There is a bright spot right behind the place where in the corpuscular
theory you would expect it the least. This is a simple instance of the Fresnel’s
spot.

Now let us consider the limit where a→∞. In this the result will yield and
amplitude proportional to

2πδ(α)− 2 sin(αδ)/α

which emphasizes the Fresnel’s spot effect.
But other than the point α = 0 the result seem to be the same as an aperture

of width δ.
Now can you guess the silly idea I had in my mind when I put the picture

in reverse colors? Read a little further about this. So that you appreciate the
bizarre and beautiful analogies between apertures and obstacles. That is sources
and scatterers.
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