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Pupil mismatch

System’s A ‘
exit pupil

/ System’s B

‘ entrance pupll

Zero-order match /

First-order match
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Some references

« T. Smith, “The changes in aberrations when the object
and stop are moved,” Trans. Opt. Soc. 23, 139-153,
1921/1922

« C. C.Wynne, “Primary aberrations and conjugate
change,” Proc. Phys. Soc. Lond. 65 b, 429-437 (1952)

e J. Sasian, Interpretation of pupil aberrations in imaging
systems, SPIE V. 6342-634206 (2006)
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Object-image system
Pupil-pupil system

Entrance
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Pupil aberration function
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Pupil aberrations

« Object-image interchange role with entrance-and exit pupils

 The chief ray becomes the marginal ray, and the marginal ray
becomes the chief ray. Lagrange invariant changes sign

* Image and pupil aberrations are connected

Identity between pupl and
image aberration coefficients
H:-l:lil:l = ﬁ}il:ll:-

— 1. . [—

Wi =i+ K- Al }

= N _

Woy = Wiy, +— K -Aduir |
'_ 2

r'?22-:1 =Wy +i-‘:ﬂ."ﬁ{”ﬁ}

HT’H__ =W "‘%E'i{”j}

=
Wi = Wow

@

Prof. Jose Sasian N
OPTI 518 College of Optical Sciences

THE UNIVERSITY OF ARIZONAS



Table 12.2
Image and pupil coefficient 1‘elatio115hips for a spherical surface
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Some Interesting “shift”

relationships
V. W(H,p)=V W, (H,p)+5V W (H,p)
VW(H,p)=V W, (H,p)+SV, W (H,p)
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Geometry for derivation

Front and rear

Ray with aperture vector principal planes Ray with APERIITE YECtor
at exit pupil _,f"'\\- at exit pupil
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The displacement vector at the
entrance pupil
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Beam deformation at pupll
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Pupil aberration conseguences

e Can now determine aberration change
upon object shift

e Spherical aberration of the pupil

 Coma of the pupil

e Astigmatism and field curvature of the
pupll

« EXtrinsic sixth-order aberrations

e Bow-Sutton conditions
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Effects from pupil aberrations

« Kidney bean effect. This is a partial obscuration in the
form of a kidney bean caused by pupil spherical
aberration

* Loss of telecentricity in relay systems. The chief slope
varies as a function of the field of view.

* Vignetting. Spherical aberration of the pupil can lead to
light vignetting.
« Pupil walking. Notably in fish eye lenses.

o Slyusarev effects. Due to pupil coma, the exit pupil
changes size impacting the relative illumination

e Pupil Apodization
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Pupil walking
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Kidney bean effect

From pupil spherical aberration
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Loss of telecentricity

Entrance Chief rays Spherical
pupil aberration
of the exit

pupil
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Change In relative illumination

 Vignetting

Z N

« Image distortion / N
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« Cosine to the fourth law \\ //
* Pupll distortion ~~L
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Effects from pupil coma
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Bow-Sutton conditions

* |f the lens is symmetrical but the
conjugates are not equal, then distortion
will be corrected only if the entrance and
exit puplils are free from pupil spherical
aberration.

« Similarly, lateral color will be absent if the
entrance and exit puplils are free from axial
chromatic aberration.

See Kingslake’s lens design fundamentals
New edition with Barry Johnson @
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Bow-Sutton Conditions

* Since the lens is symmetrical ubar'=ubar
« Thus Coma pupil = image distortion

A unit magnification the system is fully symmetrical for the stop and
for the image systems and so, Coma pupil = image distortion=0

 When the object moves at other conjugate coma of the pupil
according to stop shift equations is,

 New pupil coma=old pupil coma + pupil spherical aberration *
ylybar.

« The old coma is zero, thus,

 New pupil coma=pupil spherical aberration * y/ybar.

« Therefore if pupil spherical aberration is zero then the new pupil
coma is zero.

 And therefore image distortion is zero.

e ubar’=ubar, still holds for the second conjugate
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Object shift equations

Table 12.3
Obiect shift equations according to the parameter S
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Formulas
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Invariance of aberrations

No primary aberrations independently of stop position or conjugate!
Negative unit magnification system
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Chromatic pupil aberrations

Table 12.4
Image and pupil chromatic coefficients
Image Pupil
0 12.39 — 1- (0 12.40
0, Wy —ifm(ﬁ]x 2390 o :ifm(ﬁ]F (1240
o2 n 2 n )
— (én) 12.41 _ on 12.42
E,Iﬁuzﬁm(ﬁ ) 2401 o 7 _aa[2)5 (1242)
1 R
"=V /A 12.43) AN (A (12.44)
. 1 A) cn ( - L =4} [On|_
0 W00 _EA P fﬁ(:]‘ 0 W00 EA 2 &(:]J

Prof. Jose Sasian
OPTI 518

@

College of Of;tiucal Sciences

THE UNIVERSITY OF ARIZONAS



Image vs. Pupil aberrations

Basic wavefront deformation shapes
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Summary

e Optical systems are formed by
concatenating one system to the next

* The exit pupil of one system becomes the
entrance pupll for the next system

e Every pupil mismatch leads to light loss,
aberration, or other effect.

e Pupil aberrations are also important

@
Prof. Jose Sasian v- .
OPTI 518 College of Optical Sciences



