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f is the wave aberration
is the angle in the pupil plane

Spherical aberration
d=-78p"

is the radius in the pupil plane
= sin ; = cos




$ 3 <*$ & -

o1&
Ro

$ "& )P )

n @W n - m
+ m n n % +

5.
5 &% )

/ Gaussian

Jocus

Gaussian
image
plane

f is the wave aberration
is the angle in the pupil plane
is the radius in the pupil plane
= sin ; = cos
Yo = position of the object in the field
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f is the wave aberration
is the angle in the pupil plane
is the radius in the pupil plane
= sin ; = cos
Yo = position of the object in the field
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f is the wave aberration
is the angle in the pupil plane

is the radius in the pupil plane
= sin ; = cos
Yo = position of the object in the field
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f is the wave aberration
is the angle in the pupil plane
is the radius in the pupil plane
= sin ; = cos

Yo = position of the object in the field

undistorted

pincushion-
distorted




0"

On-axis On-axis Off-axis Off-axis Dependence Dependence
focus defocus defocus on pupil size on image size
Spherical T ¥ ~r4 const.
aberration
Coma o “w# L% ~r3 ~y
Astigmatism ° ~r2 ~y2
®
Field
~r 2 ~\/2
curvature ¢ r y
Distortion ~r ~y3
Defocus ~r2 const.
+ 1
. "I F-M+ - - F-M "
n — m n _— - v @
N
O
X5 (e
W o
A
Crown \ﬁb..ﬁ_
m _ n .

Achromatiic doublet




*& 0

7 2 5 #5 - - 5 &%
! )%

<& 2 5 # + $ % &5 -
- "&£ 8 5 ) 8 $
5 $" - & ¢ &5 )%




FRAUNHOFER
DIFFRACTION
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An example of an optical setup that displays Fresnel diffraction occurring in the v

near-field . On this diagram, a wave is diffracted and observed at point . As
this point is moved further back, beyond the Fresnel threshold or in the far-
field , Fraunhofer diffraction occurs.
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POINT SPREAD
FUNCTION (PSF)
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- - Radii of Dark Rings in Airy Pattern®’
v :‘H ._;,p :...
0.00 1.220 2.233 3.238
0.10 1.205 2.269 3.182
0.20 1.167 2.357 3.087
0.33 |.098 2.424 337
0.40 1.058 2.388 3.300
" " nm - 0.50 1.000 2.286 3,491
"__ v%« "o Q\Q\ 0.60 0.947 2.170 3.389
" .W :.W " “Subscript on w is the number of the
" .m. " & dark ring starting at the innermost
ring.
“w=v/m
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g 0.00 0.838 0.910 0.938
T 1 0.10 0.818 0.906 0.925
__ 0.20 0.764 0.900 0.908
L ] 0.33 0.654 0.898 0.904
1 0.40 0.584 0.885 0.903
! 0.50 0.479 0.829 0.901
I <" ] 0.60 0.372 0.717 0.873
||||| €=033
. 5 s : “Subscript on EE is number of dark
ring starting at innermost ring.
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