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Fraunhoffer Diffraction

Jeseph Ritter von Fraunhoffer

(1787-1826)
German physicist
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Incident light wave
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oy s d: diameter
g Circular aperture J;: Bessel function of first order
For the first dark ring,
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¢ determines imaging resolution
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A Many imaging systems
have C|rcular aperture

sin @ ~ 122—

Largerd =>» smaller & =>» Better resolution

(But smaller depth of field)
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Gran Telescopio Canarias (GTC)

Aperture diameter: 10.4 m
(World’s largest optical telescope)

In Spain
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In our analysis,

— Diffraction is observed at locations having same R

=» |n reality, observation is made at a flat surface. =
Consequently, there is additional phase shifts, — e
requiring more complicated analysis — 3

— It is assumed R>>A (far field)
If not, FT relation cannot be used = Near—field or Fresnel diffraction.

From Fresnel to Fraunhofer diffraction

L Augustin—Jean Fresnel
l| S (1788~1827)
I | =P (

French Physicist

W

Incident
plans wave
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Diffracted light from periodic opening (Diffraction Grating)

==> Far—field only for discrete k,'s &, = ksin@ =m—-
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(1862-1942) (1890-1971)
I Nobel Prize in Physics (1915)
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W. L. Bragg is the youngest Nobel Physics winner

Grating equation (Bragg Condition)
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Finite grating length
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Input with tilted angle
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Reflection—type grating
Same diffraction equation
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Reflection grating
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2—D Diffraction Grating

Grating 1 Grating 2

B i)

Take x and y separately

T
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Homework(1): Determine the far—field diffraction intensity when light passes
through an opening in which the amount of transmission linear varies from T=1
in the middle to 0 at top and bottom edges.
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Homework (2)

The following figure shows the moon looked through a two-dimensional diffraction grating. The
grating penod in both x-direction and y-direction 1= d.

(a) Why are there discrete bands of diffracted light?

(b) Why is the red further away from the image of the moon in the center than the blue within the
same band?

(c) Explain how you can estimate the distance between the grating and the observation plane
from above figure. Use d. the grating penod. and x. the distance between the center and a point

of a particular color whose wavelength is .
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