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Diffraction in a single slit (Fraunhofer diffraction)

Superposition of waves: Waves from secondary sources have a form y = ge!(wt+®)

(Complex notation) where ¢ is the phase difference between the two adjacent secondary sources. ‘w’ is angular
frequency of the source and as we use a monochromatic light source, 'w' is constant. The difference in phase part is
only due to the difference between the path length of two superimposing waves.

I Before going to
geometrical configuration of
N path difference we have to go

//’ Po through

the mathematical calculation.

Let there are N no. of sources
between the points A & B and
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each source have a phase ¢ grater than the previous one.
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— The last
term (N-
1)/2¢ can
be

abbreviated as ¢,y i.e. the average phase difference between N sources. (N-1) ¢ is the phase difference
between extreme sources.




Let us comeback to the arrangement. The wave equation for the source point A can be writtenas y =
ae!Wte1) gnd at B y = gelWt+eN),

— slit Path difference between the points A & B =dsin(8).
—— So phase difference = dsin(8)*(2mt/A)

bn — 1 = dsin(8)*(2m/A)
If we take the path difference between the two consecutive sources is d’ then d=(N-
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|
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Ik And corresponding phase difference between two consecutive sources is ¢j1 — ¢ =

dsing 6=d’sin(8)*(2m/A).
So ¢dn— 1 = (N-1)6 = (N-1)* d’sin(0)*(2r/A).
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We have to study the dependence of intensity | on a and through this a (which is d*nt*sin6/A) the
dependence of | on A and 6.

Principal maxima:

sina sina

2 has maximum value is lo as === has maximum value=1 when a— 0

I=1lo

So the principal maxima will occur at the position directly opposite to the slit. Hence maximum light will observed at
that point.

sina

Minimum intensity pattern: | = 0 if =0 or sina = 0 but a# 0. It is possible if

a
a= t+mn
or d*n*sinB/A = +mn

or dsinB = mA where m should not be zero as 6=0 position is conserved for principal maxima.

Secondary minima:-

This is a transcendental equation. So to solve it we have to go through the graphical solution. By making the graph y
=a &y =tan(a), and the cutting points indicate the solutions.

| solutio
y=tag x [




Order no. | Alfa from solution Alfa from adjacent asymptote
1 4.49 4,71

2 7.725 7.85

3 10.904 10.99

4 14.066 14.137

What are the intensity of the secondary maximas?







