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Fraunhofer diffraction patterns

Yy = \zv Yy = A\zv
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Spatial filtering
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Spatial filtering
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Spatial filtering of a scene

Unfiltered: all spatial frequencies present

512

0.5

0.25
€
£ -1.286-006
-
}, u;u i
:}5‘“ ox 025
YL B
1‘& !
‘l
-05
-05 -0.25 0 0.25 0.5

u(mm'1)

MIT 2.71/2.710 9 \p 7,_,; I
04/08/09 wk9-b-23



Spatial filtering of a scene

Low-pass filtered: high spatial frequencies removed
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Spatial filtering of a scene

Band-pass filtered: high & low spatial frequencies removed
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The transfer function of Fresnel propagation

T A

A/

Fresnel (free space) propagation
< may be expressed as a

9in(T,9)

convolution integral
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Today

« Fourier transforming properties of lenses

« Spherical - plane wave duality

* The telescope (4F system) revisited
— imaging as a cascade of Fourier transforms
— spatial filtering by a pupil plane transparency

Wednesday

« Spatial filtering in the 4F system

» Point-Spread Function (PSF)
and Amplitude Transfer Function (ATF)
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Reminder: thin lens (geometrical optics)

f (focal length) f (focal length)
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object at © image at object at image at o
(plane wave) back focal plane front focal plane (plane wave)

amount of ray bending is proportional to the distance from the optical axis

point object point image
at finite distance at finite distance
(spherical wave) (spherical wave)
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Thin lens complex transmittance
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Al y)=A, _M(L_L)

2 2n
s 5:2)= exp 1580+ 0= DAe )

.2 2
alms(x>y)=eXp{i%Ao}exp{—i%(n-l{l_ ! )A +y }

R R 2

A(x,y): glass thickness
at coordinate (x,y)

n: index of refraction this constant-phase term can be omitted
R1, R>: radii of curvature /
dm ) x4y
a... \x,v)=iexpli—A, lexpl—in
lens( y) i—""r—)—{"-")‘:"““o—}—i p{ Af }
1 I 1) .
where — = (n -1} ——— 1s the focal length
f Rl 2
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Plane wave incident on a lens

back focal plane

Oof=u, N

spherical wave
converging to uoAf
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Spherical wave incident on a lens

front focal plane

.

spherical wave,

plane wave

: . lane wave
diverging P wavE converging to uoAf

off—axis atangle 6 =2

spherical wave (has propagated distance f):
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lens transmission function :
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Fourier transforming property of lenses
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th;tn thin back focal plane
transparency lens diffraction pattern
g(x’y) gf(x” ,y//)
(v x) 1D calculation
Field before lens & (¥')= [ g(X)eXP{m }dx
Az r [ x z| RV I
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