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Diffraction
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“Light transmitted or diffused, not
only directly, refracted, and reflected,
but also in some other way in the
fourth, breaking.”




Huygens-Fresnel Principle

* Huygens:

— Every point on a wave front acts as a point source
of secondary spherical waves that have the same
phase as the original wave at that point.

* Fresnel:

— The amplitude of the optical field at any point in
the direction of propagation is the superposition
of all wavelets, considering their amplitudes and
relative phases.



Single Slit Diffraction

Examples with water waves

e Wide slit: waves are
unaffected

 Narrow slit: source of
spherical waves

* |n between: multiple
interfering point sources




Single Slit Diffraction

Think of the slit as a number of point sources
with equal amplitude. Divide the slit into two
pieces and think of the interference between

light in the upper half and light in the lower
half.

Destructive interference when
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Single Slit Diffraction

sinf =~ tanf = y/L
Minima located at
-3 mLA
Yy = T ,m=12,3,..
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In general, the “width” of
the image on the screen

Screen— is not even close to a.



Single Slit Diffraction

i Int it
Minima located at P e
sin @ = b ,m=123,.. Waves from all points in

the slit travel the same
distance to reach the
center and are in phase:
constructive
interference.

Minima only occur
when b > A.
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Fresnel and Fraunhofer Diffraction

Assumptions about the wave i

front that impinges on the slit: : .

e When it’s a plane, the phase ,\/\,\
varies linearly across the slit:
Fraunhofer diffraction - \_.

e When the phase of the wave
front has significant curvature:
Fresnel diffraction
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Fresnel and Fraunhofer Diffraction

* Fraunhofer diffraction * Fresnel Diffraction:

— Far field: R > b?%/2 — Near field: wave front is
not a plane at the

— R is the smaller of the \7/ T

distance to the source or
to the screen




Single-Slit Fraunhofer Diffraction

Light with intensity I, impinges on a slit
with width b

Source strength per unit length: &€;

Electric field at a distance R due to the
length element dy:
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Single-Slit Fraunhofer Diffraction

£ eikysiné?d
dE = <& . y

Let y = 0 be at the center of the slit.
Integrate from —b/2to+ b /2:

Total electric field:
EL +b/2 . .
E = E pltky sin Ody
—b/2
& pi(kb/2)sin6 _ ,—i(kb/2)sin 6

R iklsinH
€, bsin (7 ka sin 9)
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Single-Slit Fraunhofer Diffraction

E; b si
E = Lbsinf
R p
where
1
ﬁzzkbsine

The intensity of the light will be
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Single-Slit Fraunhofer Diffraction
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1(9) = 1(0)( 5

Minima occur when
f=mr,m==x14%2,--

2
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Single slit: Fraunhofer diffraction

Adding dimension: long narrow slit
Diffraction most prominent in the
narrow direction.

Emerging light has cylindrical symmetry



Rectangular Aperture Fraunhofer Diffraction

Source strength per unit area: €4
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Rectangular Aperture
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Double-Slit Fraunhofer Diffraction

e Same idea, but this time we

integrate over two slits:
S +b/2
E =% eikysinedy
- R ~b/2
T S a+b/2 . .
+ FL ptky sin de
a—b/2
_ € bsinf (1 4 pikasin 0)
= 3




Double-Slit Fraunhofer Diffraction

€; b sin
. _ Eubsinp
R p

Light intensity:

1(6) = 21(0)(

(1 4+ eika sin 6)
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Where

2
) (1 + cos(kasin@))

= —kasinf
= kasin

Since a > b, cos a oscillates more rapidly
than sin



Double Slit: Fraunhofer Diffraction

(6) =4l (S’Z’Bj cos’ a 'B

(kb/2)sing
(ka/2)siné

Minima: a=+772, £3772
asind =(m+1/2)/

or: B=m77 where m=+1, £2... m=0, +1, £2...

bsind =m/

- sinf




