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Topics

e Aspheric surfaces
e Stop shifting
e Field curve concept
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Aspheric Surfaces

 Meaning not spherical

« Conic surfaces: Sphere, prolate ellipsoid,
hyperboloid, paraboloid, oblate ellipsoid or
spheroid

e Cartesian Ovals
* Polynomial surfaces
* Infinite possibilities for an aspheric surface

e Ray tracing for quadric surfaces uses closed
formulas; for other surfaces iterative algorithms
are used
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Aspheric surfaces

The concept of the sag of a surface

2
Z(8)= c3 + A, 8%+ AS® + A,S% + 4,50 +

l+\/[1 (K+1)02SJ

K=-¢°

K Is the conic constant

K=0, sphere

K=-1, parabola C is 1/r where r is the radius of curvature; K is the
K<-1, hyperola conic constant (the eccentricity squared);
-1<K<0, prolate ellipsoid A’s are aspheric coefficients

K>0, oblate ellipsoid
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Conic surfaces focal properties

e Focal points for

Ellipsoid case

MIrrors Hyperboloid case
Oblate ellipsoid

e Focal noints of lenses
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Aspheric surface description

2
Z(S)= ) + A4S+ AS® + A,S® + 4,5 +.

1+ (K +1)c2s?]

Z wspheric = 21r (x +y )+8—1r(1+K)(x2+y2)2+A4 (x2 +y2)

2
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Cartesian Ovals

- n+ 1" n'=Cte.
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Aspheric cap

Aspheric surface

\

The aspheric surface can be thought of
as comprising a base sphere
and an aspheric cap

Cap
Spherical
base
surface
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Aspheric surface contributions
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-When the stop is at the aspheric surface only spherical aberration is contributed
given that all the beams see the same portion of the surface

-When the stop is away from the surface, different field beams pass through
different parts of the aspheric surface and other aberrations are c@buted
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Stop at aspheric surface
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Upon stop shifting

W, (H.5)= A5 A(n) (B o)

l/""__\_
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Aspheric cap contributions

— - New
stop
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Stop shifting

d (H’ '5) - A4y4A(n)(:5shiﬁ 'ﬁshiﬁ )2
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Expansion of (A Au)
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Aberration function upon stop
shifting for an aspheric cap
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Aspheric contributions
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For a conic surface of
eccentricity &
a=84,v"Aln)

For an aspheric surface with
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Aberration function of base
sphere and aspheric cap

W (H,B)=W e (H. )+ W..,, (H. 5)

Case of an aspherical surface with the stop at the surface:

- 1 - Lo
Woao (P~ P) :_gAzyA(%j(p'p)z + A, A(n)(B-p)
Sag = Sphere+ 4, (x2 +y° )2
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Stop shifting

As the stop shifts different off-axis rays are selected and
the on-axis rays remain the same. The stop diameter changes
to maintain the F/#.
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Stop shifting

Stop-shift formulas

The process of moving the stop to a new location to obtain a different aberration content
1s known as stop-shift. The aberration description of an optical system depends on the
stop position along the optical axis. As the stop changes position the chief ray is
redefined and the Seidel coefficients change. There is no need to recompute the Seidel
coefficients: the thus called stop-shift formulas provide the new Seidel coefficients from
the old Seidel coefficients and the ratio &v/ y . These changes upon stop-shift are given in

the following Table where the ratio &7/ y 1s the change i chief ray height divided by the
marginal ray height. The ratio &/ y1s an invariant and can be computed at any plane of
the optical system, and in particular it is easier to compute it at the plane of the old stop
surface where &v = y -0=v,,.

new .TLGM = .1.‘“!3%'

| 0
Prof. Jose Sasian 2
OPTI 518 College of Optical Sciences

THE UNIVERSITY OF ARIZONA=



Stop shifting

 How do the aberration coefficients change
as we shift the stop?

e Used to ease calculations

* Most importantly, the formulas give
Insights

 The concept of object shifting
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Stop shifting parameter
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Stop shifting formulas

S =S,
S =S,+SS,

Sy =Sy +2-55,+5°5,
S, =Sy,
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Derivation for 4°
K = Zly_A)_ﬁ
K = Azy_AJ_/z
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Derivation of new Seidel sums upon stop shifting

A =A+84

S, =-> 4 yA(%j

ST=S5,

Sy == A4"yA (%J ==Y A(4+ EA)yA(%j
=3 AZyA(%)—§ZA2yA(%j

S,=8,+SS,

S5y =) a4 )--3((A+50) s
Y (A2 42745 + 5247) yA(%j

Sy =8, +28S,+8°S,

And similarly for:

SI*V =Sy
S, =S,+5(S, +3S,)+35°S,+S°S,
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Field focus curve concept

HEST [MreE SUEFTCE

Provides limit for a given wavefront variance.
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Field focus curve concept
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Field focus curve concept

EiEL LIMIT occvRs WHEN AT IcavD =0

i’\j{ﬁ W, #TH :} + E"I"IJ'.:.'?. (‘T' J'E'-G' h:ll'“‘ﬂj .i'.i- l"l‘Jg[J
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*Must preserve DOF

FiELD = FOUS CUmuE
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Summary

e Variety in aspheric surfaces

* Aspheric surface contributions to fourth-
order aberrations

e Stop shifting and how aberrations change
* The concept of field focus curve
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