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ABSTRACT

Much of the tfme in lens design is spent on finding a starting
design satisfying the design requirements closely enough to be input
into a computer minimization program. In this thesis an interactive
program to shorten.this amount of time in thé design of two mirror

telescope objectives is described.

vii



CHAPTER 1
INTRODUCTION

The purpose of the interactive program described in this paper
is to ajd in the design of two-mirror systems by quickly finding a

useful set of starting parameters to be used in a more sophisticated
design brogram.

Since the program is to aid in finding a suitable set of
starting paraheters, a maximum amount of‘communication between the user
and the computer is desired. This amount of communication or interac-
tion requires the use of a éonversationa] prog}amming language that is
"reaﬂi]y available to the largest number.of users, simple to use, and
easy to learn. For these reasons the BASIC conversational language was

used in the Erogram. BASIC is one of the most universal languages and
ifs small hqmber of cleéf'commands can be quickly learned.

With an initial set of starting parameters [aperture height,
image-height, effective focal length, magnification of secondafy (M),
and the ratio of the mirror sebaration to the back focal distance (L)]
the program calculates all the first-order properties in addition to
the Petzval radius. If tHe Petzval radius is too small, the program

‘indicates which starting parameters must be changed to increase it.
When the desired Petzval radius is obtained, the program gives a

paraxial ray trace and lists the five Seidel aberration values for two



'.spherical mirrors. Then & series of questioné are asked to determine
the Seidel aberrations tpat are to be minimized apd what if any condi-
tions are set pn the Qaluesvfor the aspheric constants. With this
information the appropriate aspheric constants and new Seidel aberra-
tiops are calculated. |If a different combination of aberrations is now
aesired to be minimized, the program repeats the questions and calcula-
tions until it has the combination ihe designer wants. With-thTs
combinpfion, the aspherfc depths of the mirrors, the total surface
depths of‘the mirroré, the vertex thickness of each mirror, the inside
radius of fhe primary, the center of mass of the system, the total
weight of the system, and-the moment of ingrtia of the éystem are
calculated. Then if the designer wants, the system is.input to the
ACCOS 5 program.

Tpis program is limited to a design having the stop at the pri-
mary mipror and an object with infinite conjugates. Only third-order
Seidel aberrations are calculated and once the Petzval radius is
chosen, only the aspheric constants of the mirrors are allowed to vary.
With these two variables the program will find exact solutions for $1
and S2, St and S3, or S1 and S5 each equal to zero. |If three or more
aberrafions are desired to be exactly zero, a change in the starting
parametefs may be required. .To find this right combfngtiop of starting
parameters (specifically M and L) the most inclusive reference is the
two-page survey by Shack (1969). Note that the L parameter used in

this program is the inverse of the one used in the survey (L = 1/L').
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When listing the first-order properties of the system, the pro-
gramllists the radiﬁs of the secondary. Thfs radius is important and
must be close]y_obserQed by the‘designer because the prdgram does not
give any indication when thé obstruction is.too large. To calculate
~ the radius of the obstruction the following equation was used:
R= |yl + |[y|, where y is the marginal ray height at the secondary
mirror,-and y is the chief ray height at the secoﬁdary mirror. When
‘the radius of the secondary becomes larger than the radius of the pri-
mary, the system may still be usable és will be noted in the following
chapter.' An iﬁformative plot of the obétru;tion ratio (R/H) where H is

the radius of the entrance aperture is contained in Chapter 5.



CHAPTER 2

FIRST-ORDER PROPERTIES OF TWO-MIRROR SYSTEMS

Design Parameters

To define the optical conf%guration completely five design
parameters are needed. ~fhe choice of the five parameters debends on
the user's Interests, or thch parameters the user is most familiar
with, or Which ones‘the user is most' concerned aboutrobserving. The
'choicé of parameters (M and L) in this program are very similar to.
those chosen by Shack-(1969). Another possible choicevcouldvhave been
.those used by Wetherell and Rimmer (1972, p. 2818). Their_cﬁoice also
lincludes M (magnification of secondary) but then uses a normalized
vertex back fécué (B), which .is the distance from the‘vertex of the
primary mirror to the principle focal point divided by the focal length
bf the primary mirror. Their parameter B and the parameter L used by
this program are related by the following equation: - 8 = M(1-L)/(1+ML).

The'design'parameters>u5ed in the program are the basic three:
aperture height (H), ‘image height (D), and effective focal length (F);
in addition to the two, the magnification of the secondary mirrok
(M = F/Fl,‘whefe F1 is the focal 1eng£h'of the primary), and the ratio
‘of the mifrdr’separation to the image diétance from the secondary (L).

The aperture stop is 1océted at the primary mirror for all the

cases considered. An image height (D) is used instead of the half
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field angle but is equal to -F9 where 9 is the half field angle. Note
that if M is greater than zero, the system is of the Cassegrain type
in Fig. 1; if Mis less than zero and F is greater than zero, the
system is of the inverse Cassegrain type in Fig. 2; and, if M is less
than zero and F is less than zero, then the system is of the Gregorian
type in Fig. 3. Also if L is less than zero then the image is vir-
tual, and if L is greater than zero then the image is real.

The sign convention is standard: a distance to the right
of a reference point is positive, and a distance to the left is

negat ive.

Primary

Principal

Secondary Foous

L = S/B

Fig. 1. Cassegrain.



Secondary

Secondary

Fig. 2.

Fig.

Primary

Inverse Cassegrain.

Primary

3* Gregorian.



y - y Diagram
In Fig. 4 the equation for the line from point 1 to point 2 is
Dy + HW = HD, (1)
and the equation for the line from point 0 to point 2 is
DLy - Hy = 0. (2)
Solving Egs. (1) and (2) for the (y,y) values for point 2 we
get
y = H/(1 + ML), y = LD/(1 + ML). (3)

Note that the entrance pupil is at surface (1) and the exit

pupil is at E1.

(H.0) (H,DL)

(o, D/ m)
(0,D)

Fig. 4. y - y Diagram.
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Using these values for (y,y) at point 2, and the values (H,0)
for pdint 1, and (0,D) for point 3, and the following equations from

Shack (1973, pp. 127, 136):

iy y ;wow
T = ) b = 7 ) T = t/n
W [N | W 1
Y Y w W
w = y/T, w = y/T, w = nu, w = nu
c = -¢/2n; ¢ = n/F, - _ ‘ (L&)

where W = Lagrange invariant = HD/F and the following table is'filled

in as follows.



First-order Properties.

2F

2F

Table 1.
Surface 0 1 2 3 E!
index (n) 1 1 -1 1
H H
0 H T+ML 0 T-(1-M) L
— -D(1010) LD
Y F 0 T+ML D 0
10 LF F
T 10 THNL THAL
-HM -H
" 0 F F
= D 0 D(1+ML-L)
A F F F
) Mo (1-M) (14+ML)
F F :
. 10 -LF F
t 10 T+ML THNL
. M (1-M) (14ML)




CHAPTER 3

SEIDEL ABERRATIONS OF TWO-MIRROR SYSTEMS
N

General Conics
The sagitta of an aspheric surface from a plane tangent to its
vertex as a function of the radial distance r from the optical axis is

given by: -
2(r) = cr2/<1 + (1 - (K+1)c2r2)%>, | (5

where K is the conic constant of the surface, and c is the vertex
curvature of the surface. A list of conic surfaces for various values

of K is: -

K < -1 Hyperbeloid

K = -1 Parabola -
0 > K > -1 Prolate ellipsoid

K = 0 Sphere
K > 0 Oblate ellipsoid.
ifc = 0, the surface can still be aspheric and the sag is then

given by z(r) = dr2, where d is the aspheric constant. .

10
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Aberrations as Functions of Conic Conétant; .
Using the equations given by Welford (1974, p. 196) for the
Seidel aberrations of a thin lens with a remote stop, with the follow-

ing substitutions: n = -1, ¢ = K (the power of the surface), B = 1

(the shape factor of the lens), Q = HE = y/y (the stop position Factdr),
W.ﬁvH'(the Lagrange invariant), y = H (margiﬁal ray height at the
‘surface), and y = h (chief ray height at thé surface), we obtain the
>equation§ for’the Seidel aberrations of a mirror with a remote stop:

y* ¢ €2
by 2
(o]

St

_ y%2e%2W e

2n 2
o

+Q Sl

S 2 S22y o
s3 = 0 QY0 NC 4 g2 (6)
no i no

Sl* = _-__\1’_2_4)

. 2 NT. V) .
s5 = 2QM2 ¢ 3.0 ;n-¢ WC . Q3 s1,
(e}

VIR TR .
where: (¢ = TEmT (the conjugate factor).

The effect of aspheric surfaces on the Seidel aberrations

can be calculated by:
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AS1 = a
252 = aQ
AS3 = a Q2 (7)
ash = 0 |
S5 = a3,
where:* a = K c3 y* A(n) for a conic with the conic constant K, or
a = 8d 94 A{n) for a plane with the aspheric constant d,
A(n) = n' - n, or -2 for the primary mfrror, and 2 for

secondary mirror.
From Table 1 we can obtain the following values for the
_primary mifror: Q =0, ¢ = M/F, C = -1, ng = 1, and a = H* M3 AL/ (4F3)
where: Ak = K [ﬁhe conic constant in Eq. (5)]; Substitﬁting these
values. into Egs. (6) and Egs. (7) and then combining the two sets we

obtain the Seidel aberrations for the primary:

HY M3(1 + AL)

S1

LF3
$3 = Z H2 W M2
2F2
s3 = MM - (8)
- W2
Sh = __h%?ii
s5 = 0.

From Table 1 we can also obtain the following values for the

secondary mirror: Q=W L F/HZ | ¢ = il:ﬁ%éliﬁkl ,ng=-1,
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a4 (1-M) 3 . '
c = Ml , and a = tLlJ.ﬁQ__JEi , where: A3.= K (the conic constant
-1 LF3(1+ML) ,

in Eq. (5) for the secondary conic). Substituting these values into
Eqs. (6) and (7) and combining the two sets we obtain the Seidel

aberrations for the secondary:

LE3 (14mML) | (M-1)2
| 2 Ly ((-M)3) ((1+M)2 o
52 H’ZF;J <M2 -1 4{3) ( T#ML > ((M T)2 A3>>
3= % ((1 ) (1) + L02-1) + (L) ((Lms)(g:f’;‘gi + A3>>

sy = W .(l-t;)_(1+ML)

o e ()

HZ

(Gon\ (a2 L o)) | "
(1+ML><(M—1)‘Z * A3>> ) (9)

To get the Seide]‘aberrations for the two mirror system we

s5 = an (L(]-M) f.(-§)2 (1-M) (3-M) +(—2L—)3

then can add Eqs. (8)Vand (9):

3(i+A4) + (};ma (E::?gi -+ AA3>> :

e - )

S1

F .
3= % (1= o (8 (Y52 (6587 - )
W2 : “
sh. = == -1 - ML(1-M) | , - (10).

. s L /L 3 (1-M)b3
55 = B <L(1 -M) - (\-2-) (1-M) (3-M) +<§) < TRl >

(%43_:%‘-%-;- + A3>>". |
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If the curvature of the secondary is zero then the new A3 = 0,

and we have a new set of Seidel aberrations using Eq. (7) given by:

S 1%
S2*
S3=%

S 4
S5

.where A9 =

S1

S2

S3

Sk

S5

16 H* A9
(1+ML) ¥

DL 16 H* A9
HO(1+ML) ®

2 14 yb :
(DHL> 16 H* A9 | (1)

+

(T+ML) ™

+

D L\3 16 HY A9 -
H (1+ML)®

d .(the aspheric constant of the secondary), and S1, S2,

$3, Sk, and S5 are given in Eq. (1) with A3 = 0.



CHAPTER 4

INTERACTIVE PROGRAM

Minimizéticn-Method

In choosiné a minfmization method for a computer optimization
progfam in lensvdesign an exceflent reference is Jamieson (1971) who
presents a nuﬁber of techﬁiques. But this program's aim is that of
obtaiﬁing a useable set of starting parameters for input into a more
detailed optimizatioﬁ program, so one of the simplest methods was
chosen. Another reason for choosing the following method is that once
the Pétzval radius is chosen by the user, thernly variébjes allowed
to vary are fhe aspheric cdnstants of the two mirrors. In other words,
we only have two variables which behave in a lfnear fashion.

Looking at Egs. (fO) and (11) we see that there are only two
variables in S1 and only‘one variable for S2, S3, S5. These variables
are the A3 and A4 (conic constants), or A9 and A4 when A3 = 0. Thus
for any given set of parameters: $2, 53, and S5 are linear functions
of A3.(or A9), and S! is a linear function of A4 and A3. Therefore

"we can find vaIUeé for A3 and AL such that.S1 and any other Seidel
aEerratTon (except S4) will be exactiy zero for a given set of
parametérs.

The metﬁod used is that of findiné the slope of the aberra-

tion that is a function of A3 alone, calculating its intersection

15



with S(A3) = 0; using this value of A3 as a constant in the equation
for SI, and repeating the procedure for the value of Ah where SI = 0.
To calculate the intersection of the linear function of A
with the S(A) = 0, the following is done (refer to Fig. 5)« For arbit-
rary values of A (say A1, A2) we calculate S(A1) and S(A2). We then

equate the slopes of the line through A1, A2, A3: where S(A3) = O:

-S(A1) _  S(A1) - S(A2)

A3 - A M - A2 and solving for AS3:

S(A1)(A1-A2)
S(A1) - S(A2)

In the program Al is arbitrarly set at 0.5 and A2 at 1.0.

Fig. 5 Minimization Method.



17
If more than one of the aberrations which are a function of AJ
alone are to be minimized, the aberrations are added together and their
sum (which is also linear with A3) is minimized by the same slope method
As a demonstration of this, a plot of the aberrations (82, S§3, and §5)
for the sample run with M= 3, L = 0.8 is given in Fig. 6.

(S2)
(83)
g
12
+
° 3
4
g o
%
= | (85)
8
w12

Aspheric Constant (A3)

Fig. 6. Behavior of Aberrations for Sample Design Run.
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From the plot we see that the slope of S2 is the steepest, and
thus when we want it minimized along with $3 or $5, the minimum value
of their sum:will be given by an A3 very close to the value of A3 for
minimimum $2 alone. We can also see that for the combination of 53 and

S5 minimized, the value for S2 will be large.

qusib}e Combinations Minimized

The possible combinations of Seidel aberrations minimized WIth

a list of possible conics is shown in Table 2.

Table 2. Possible Combinations Minjmized.

Parabolic - - Spherical ’ Aspheric Primary
Aberrations Primary Primary _and Secondary

S1#*

S2

S3

S5

St, S2
s1, S3
S1, S5
S2+S53
S24S5
S3+S5

S1, S2+S3
St, S2+S5
S1, S3+S5
$2+53+S5
St, S2+S3+S5

XX 3 X X D X X X X X X X X X
% 3 XX X 5 53 M 3 X X X X

*For S1 another possible combination is a spherical secondary..
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Sampie Design Run
Raﬁdomly pfcking an example which-hay be useful,‘the following
paraheters wére chosen.»~To,design a éhe meter aperture,‘F/IO, 10 cm.
radfus field, with secondary mirror magnificafion between 3 aﬁd 5;
and a ratio L from 0.8 to 1.0 the following run was used (Fig. 7):
| 1. Oné at a time the progrém asks for the aperturevheight;
image height, focal Tength, magnification of secondary, ana L. ‘The
units used on thié run are centimeters.

2. The program 1ist§ the starting parameters, the first order
proﬁerties, the radihs of the secondary, and the Petzval fadius. |

: 3. lWe decide the Petzval radius is too smaIT, the program states
which‘parameters to change, aﬁd asks their‘new va]ueé. We change L
from 1.0 to 0.8. |

L4, The program repeats part 2 for the new L.

5.. We again deCideAthe Pevaal radius is too small, and this
" time change M from 5 to 3, and L back to 1.0.

6. This Petzval radius is more reasonable so the program Tists
the paraxial ray trace, and.the Seidel‘abeffatfons for spherical
surfaces.

7. We want two aspheric surfaces and'S], S$2, and S3 minimized,
so the pfogram 1ists‘the aspheric constants and the new set of aberra-
tions. '

8. We try différent,combinationé and observe that the combination

%% (two aspherics and minimum S1 and $2) looks best.

)
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(2)

(3)

(L)
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RUH

CRSEGR. 48 10:37 29-JUL-76

THE UNITS ON THE FOLLGMING CRLCULATED YALUES WILL EBE THE SHME RS THE
- UNITS OH YOUR INFUT YRLUES
HHAT 15 THE APERTURE HEIGHT?
. 758 , o
HHAT IS THE IMAGE HEIGHT?
218 )
WHAT IS THE FOCAL LENGTH?
21600 '
UHAT IS5 THE MAGMNIFICATION OF THE SECONDARY 2
75
HHAT 1S THE RATIQO OF THE MIRROR SEFARATION TO THE IMAGE DISTAMCE
CFROM. THE SECONDARY » _ :

- 7?4 . i .

TH F : M L b
58 ’ 16048 N 9 1 ia
1sT POWER ZHD FOMER SEFARATION B FOCAL DIST
a. ges 6. 824 . LE6. 667 L6, 6&7
CURYATURE 1 CURYATURE 2  PRIMARY F# . SECONDARY F#
-6, 8025 -@8. g12 . 2 2. 4985

RADIUS OF SECONDARY
8. 335 . :

154 ) PETZV¥AL RADIUS

- G, 88475 - -5e. 6316

1% THE PETZVAL RADIUS TOO SHALL ?
?YES. ’

10 IMCREASE PETZYAL RADIUS: INMCREASE FOQCAL LENGTH, DECREASE. THE MAGMIFIC
ATION OQF THE SECONOARY, OR DECRERSE L ' '
WHAT 1S THE FOCAL LEMGTH?
7?1606 )
KHAT IS THE HMAGNIFICATION OF THE SECOMOARY ?
?S
HHAT IS THE RATIO QF THE MIRROR SEFARATION TO THE IMAGE DISTAMCE
FROM THE SECONDARY . i

L 2.8 )
FH F , [ L h b
Se 1660 ' 5 @ e ia
1ST POWER aND POMER SEFARATION B FOCAL DIST
@, 80§ ~0. 02 . lga 2an
CURYATURE 1 CURYRTURE 2 FRIMARY F# SECONDARY F#
-8, 8825 -G, a4 e 2. 49988
RADIUS OF SECOMDARY :
16. 9913
54 PETZVAL RADIUS
L B, BB3VS -66. GEE?
15 THE PETZYRL RADIUS TOO SMALL ?
?YES

A4T0 INCRERSE PET?VHL RAGIUS: INCREASE FOCAL LEMGTH, DECREASE THE MAGNIFIC

)

ATION OF THE SECOMDARY, OR DECREASE L

HHRT IS THE FOCAL LEMGTH?

7?1060

WHAT 1S THE MAGHIFICATION OF THE SECONDARY ?

?3
HHAT IS THE RATIO OF THE MIRROR SEFARRATION TO THE IMAGE DISTANCE
FROM THE SECONDARY ' ‘
L.?1 .

Fig. 7. Sample Design Run
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rH . F. 1 . L v D
50 " 1666 » 2 1 18
18T POMWER 2ND POMWER SEFARATIGHN B FOCAL DIST
0. 083 -8, 088 © 250 0 zsa
CURYATURE 1 CURVRTURE 2 FRIMARY F# SECONDRRY F#
-9. 88415 -0, 684 . R 3RIIZ . 4, 449
ERDIUS OF SECONDARY
12. 56825
S4 PETZYAL RARDIUS
8. 88125 2066 :
1% THE PETZVAL RADIUS TOO SMALL 2
?H0 . :
SURF CURYATURE - INDEX THICKNESS
o a . 1 . 1. GOEGOE+1@
] 8 - 1 #
2 -8, 6615 ~1 : L -256
2. -@. 684 1 2540
4 a 1 @ .
SURF AKIAL ¢ RXIAL U CHIEF ¢ CHIEF U
8 @ i 5. GEEERE-Y ~LARBEOGEG a. g1
i 5@, 5. 0OEBAE-S 2 a. @61
2 50. g, 45 S a ~@, 81
3 12. 5 -5, GEERGE-Z 2.5 g 6z
4 7. BIIIHE-E -5, GGHOBE- 4 18 . o, az
5 7. 8XIISE-€  -5. GORGEAE~ 1@ @ a3
THE SEIDEL AEERRATIONS FOR EOTH CURFQCEC SFHERICREL ARE
sS4 g2 52 : : S4 &5
. 2. 96875E~ -0, @B2L25 8. aas2s ) @, gaLzs -@. ARa3

THOW MANY HBEPRHTIUNS MINIHILED 184, 82, 52,55

3
HHICH THREE ABERRATICNS MINIMIZED 2 DENQTE S4+S2+S% EBY 4,
54+52+S5 BY 2, S2+ST+55 BY I, SL+SI+ST BY 4

71
DO YOU WANT THE PRIMARY FARABOLIC 2
2N0
CAR BOTH SURFACES EE ASFHERIC ?
2VES
SEIDEL ABERRATIONS FOR THO ASFHERICS AND MIN S1+S2+53 ARE
COWIC CON-1  COMIC COM.2  ASFHERIC CON. 2
-8. 987654 -2, 833332 @
54 52 53 54 S5 _
L-1. 86265E~9  -7. 29167E-4 ~ 7. 2916TE-4 6. 66125 ~2, Q4LEVE~4

00 YOU WANT A DIFFERENT COMEBINATION OF AEERRATIONS MIMIMIZED ?
2YES
HOM MANY RBERRATIONS MINIMIZED :S4, 52,83, 58

22 '

NHICH TWO MINIMIZED? DENQTE S1+S2 BY 4, S1+6% BY 2, S4+55 BY 3
S2+53 BY 4, S2+ST BY 5, S3+S5 BY €

O

DO YOU WANT THE PRIMARY PARAEOLIC ?

2YES o :

SEIDEL REERRATIONS FOR A FARAEOLIC FRIMARY AND MIN S1+52 ARE
CONIC CON.4  CONIC CON. 2 ~ ASFHERIC CON. 2

-1 -4, L6667 @ _

St g2 5% S4 . &5

5. 28835E-4 -5, 2083TE~4 7. 7EGIXE-4 @ 0eLes ~1. GSE3ITE~4
B0 YOU WANT A DIFFERENT CUNEINHTIOH GF REERRATIONS MINIMIZED ?

PYES

ROW MANY AEERRATIONS MINIMIZED :S4,52, 83, S5

oA

HHICH'TNU MINIMIZED? DENOTE SL+S2 Y 4, S1+S53 BY 2, S4+S3 BY 3
S2+53 BY 4, S2+85 BY §, S53+50 BY €

?4

Fig. 7. Sample Désign RUn, Continued.
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rre.

DO YO0U WANT THE PRIMARY FPARABOLIC 7
?NO
CAN BOTH SURFACES BE ASFHERIC 2
?YES .
SEIDEL HBERPHTIUNC FOR TWCO -RSPHERICS AND MIM S1+S52
CONIC CON. 4 CONIC CON. 2 RSFHERIC CON. 2

-4.87487 ~-3. 8

S3. 32 K S4

~4. 86263E~9 . Z28ZLE-18G g. 7oaeeE-4 a. earas
DO YOU MANT A DIFFERENT COMBINATION OF AEBEREATIONS
?YES :

HOW MANY AEBERRATIONS MINIWIZED :54, 52,83, S5

?2

HHICH THO MINIMIZED? DENUTE S4+S2 EBY L, S1+83 BY 2,
52153 BY 4, S2+55 BY 35, SI#S55 EY 6

S 24

DO YOU WANT THE PRIMRRY FARABOLIC ?
?HO

CAN BOTH SURFACES BE ASPHERIC 72

?HO

SLIDEL REERRATIONS FOR SPHERICAL PRIMARY AND MIN S1

CONIC CON. 1 CONIC CON. 2 AZFRERIC CONM. 2

8 ) 7. 08333 2]

sS4 se &2 sS4

V. 552688E-2 -7, 55268E-32 ~6. 25417E-4 @ aelas
LG YOU HANT A DIFFERENT CUMEINHTIUN OF AEBERRATIONS
?YES

HOM MANY ABERRATIONS WINIMIZED :S51i,62,5%, S5

i

?WHICH ONE NINIMILED ? DENOTE S1 EY 1, S2 BY 2,5%
24

DO YOU MAMT THE PRIMARY PRARAROLIC 2

?YES : ' .
SEIDEL ABERRATIONS FOR & PARAEBOLIC FRIMNARY AND MINM
CONIC CON. 1 CONIC CON. 2+ ASFHERIC CON. 2

-1 -4, 5}

S1 s2 LS - G4

€. 98492E-=18 ~&. 25QARE-4 V. S000aE~4 @, aeizs
DO YOU WANT A DIFFERENT COMEIMATION OF REERRATICNS
TYES

HOW MANY HBEPRHTIDNC MINIMIZED :54,52,53, 55
7?4

NHICK ONME WINIMIZED ? DENQTE S1 BY 4,  §2 BY 2,53 BY
.71

DO YOU WANT THE PRIMARY PARABOLIC ?

?NO

: DENOTE WHICH SURFRCE ASPHERIC: PRIMARY BY 1, SECOND

72
SEIDEL ABERRATIONS FOR A SFHERICAL PRIMARY AMD MIN
CONIC CON. 1 CONIC CON.2 ASFHERIC CON. 2

8 9.5 . v _
‘51 . . 852 _ Sz ' ,64
2. 56114E~- -9, BG2SRE- -9, ITSOGE-4 . a@Lzs
po You NHNT R DIFFERENT CWNEIHHTIGN aF HEERFHTIGNC
PYES

HOW MANY ABERRATIONS MINIMIZED :S4,%52,%%, G5

‘74‘

WHICH ONE MININIZED ® DENCTE Si BY 1, S2 BY 2, ST &Y
?2 | )

DO YOU WANT THE PRIMARY PARAREOLIC 2

YES o

SEIDEL ABERRATIONS FOR A FRRABOLIC PRIMARY AND MIN

CONIC CON.1  CONIC CON.2  ASFHERIC CON. 2

-1 -5. o
51 52 53 ‘ 4
g. 7SBRGE-4 0. 0612S

3. 12500E~-3 -2, 22831E-10

ARE

S5 .
-1, 7SEEGE~4
MINIMIZED ?

+52 fARE

5
-4. PPOEIE-4
MINIMIZED ?

EY X, ST BY

i

51 RRE

s8
-2, GRagagE-4
MIRIMIZED ?

ARY BY 2

S1 ARE

&5
-5,

o
-
&

[ l..l

HIMIMI E

2,558 gY S

S22 ARE

ss
-1, 7SEEAE-4

-Fig. 7. Sample Design Run, Continued.



\9)

s yrs

23

.(DO YOU WANT A DIFFERENT COMEINARTION OF HEERRHTIDNS MINIMIZED 2

?2HQ :
DO YOU WANT ANY OF THE STARTING VALUES (H,F,M,L,D> CHANGED 7
PVES ~
WHAT 1S THE AFERTURE HEIGHT?
?5a
‘WHRT 15 THE IMAGE HEIGHT?
218
WHAT I8 THE FOCRL LEMNGTH?
216468
WHNT IS THE MAGNIFICATION OF THE SECONDAREY 7
?3

NHRT IS THE RHTID OF THE MIRRCR SEFRRATION TO THE IMAGE DISTAMNCE
FROM THE SECONDARRY

2.8
H F M L Y
58 10080 z .8 16
1ST POWER 2ND POWER SEFARATION E FOCAL DIST

8. 863 -0. BOES 235, 294 294, 118

CURYATURE 4 CURYATURE 2 PEIHHR? F# SECONDARY F#

-6. 8815 -@. 6034 4. 99936
RRDIUS OF SECONDARY
14, 7078
54 FETZVYAL RADIUS
9. 5688HE-4  -2632. 158
1S THE PETZYAL RADIUS TOO SMALL ?
7NC :
SURF CURYATURE INDEY THICKNESS
e @ 1 1. GEEEEE+LN
1 @ 1 a
2 - -a. 6ALS -1 -235, 294
2 -@. 8634 1 294, 118
4 ;] 1 . @
SURF ARIAL Y ARIAL U . CHIEF ¥ CHIEF U
a 8 5. @EOEEEE-9  -166@08688 © 0. 81
1 s@a. ‘ 5. BEEEAE-S a ' @. a1
2 s0. @. 15 @ -8, 81
3 14. 7G5S -5. GEAEHE~2 2. 35294 6. 626
4 €. 67572E-6 -5 GABGEE-Z . 48 @. 826
5 €. 67S7T2E-& -5, GRAAEE-2 18 @. @826
THE SEIDEL ABERRATIONS. FOR EBOTH SURFACES SPHERICAL RRE
51 g2 X 54 S5
2. 74816E~- -2, 97794E-2 2. 7ISZSE-4 9. SEOGEE-4 -2 SAZISE-4
ROH MANY REERPHTIGNC MINIMIZED :Si,52, 83,55
73

HHICH THREE ABRERRATIONS MINIMIZED 7 LENCTE SL+S52 *S? BY 1,
$1+52+55 BY 2, S2+S3I+55 BY I, SA1+S3+ST BY 4
?4

po you NRNT THE FRIMARY PHPHBOLIC ?

?RO

CAN BOTH SURFRCES BE ASFHERIC ?

?YES

SEIDEL ABERRATIONS FOR THO ARSPHERICS AMD NIN S1+S2+52 ARE
CONIC CON. 1 CONIC CON. 2 ASFHERIC CON.

-8. 996867 -3, 963Z8 a
51 se &= sS4 5]
-1. 62981E-9 -6. 46552E-4 £, 46552E-4 g, 5eau0E-4 ~1. €G5S2E-4

DO ¥YOU WANT R DIFFERENT COMEINRTION OF ABERRATIOGHS MINIMIZED ?
?YES

HOM MANY ABRERRATIONS MIWMIMIZED :51i,52, 5%, &5

72 )

PHHICH THO MINIMIZED? DENOTE S14+52 BY 1, S1+SX BY 2, S1+55 BY 2

S2+53 BY 4, &2+55 BY 3, SI+S55 BY €
2?1 - )

0O YOU MANT THE PRIMARY FARABOLIC 7
?HO

Fig. 7. Sample Design Run, Continued.
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CAMN BOTH SURFACES BE ASPHERIC 7

?HO

SEIDEL ABERRATIONS FOR SFPHERICAL PRIMARY AND MIN S4+52 ARE
CONIC CON. 1 CONIC CON. 2 ASFHERIC CON. 2

8

5. 74569 @ o
54, 52 sz 54 ss
€.35776E-3  -6. XS5T7EE- L E7241E-4 SHOGEE-4  -Z. GE7SYE-4
DO YOU MANT A DIFFERENT CUHEINHTIUN aF HEERRHTIGNC MINIMIZED ?
2YES
HOW MANY ABERRATIONS MIMIMIZED :S4, 62,53, S5
?e

HRICH THWO MINIHIgED" DENQTE 51+52 BY 1, S4+S% BY 2, S4+55 BY 2
$52+53 BY 4, S2+55% BY 3, SZ+S5 EY 6

74

PO YOU HANT THE PRIMARY PRARABOLIC ?

?YES

.SEIDEL ABERRATIGNS FOR A PARABOLIC PRIMARY AND MIN S1+52 RRE
CONIC CON. & CONIC CON. 2 ASFHERIC CON. 2

-1 -4, 14655 a :

Sa 52 5z <4 S5

5. 38793E-4 -5, Z8V9ZE-4 6. 6EFH3E~4 Q. SeaegE-4 -1. 3VVIZE-4
{9) | b0 ¥OU WANT A DIFFERENT COMEINATION OF ABERRATICHS MINIWMIZED ¥

?YES

ROt HANY REERRATIONS WINIMIZED :%54, 52,53, 58

?2 :

HWHICH TWO MINIMIZED? DEHOTE S1+S2 BY 1, S4+53 EBY 2, S4+55 BY 2
S52+53 BY 4, S2+55 BY &, S3I+SH BY €
24
DO YOU WANT THE PPINHEV FREAREBOLIC ?
N0 -
CR!l BOTH SURFACES BE ASFHERIC ?
?YES
SE{DEL REERRATIONS FOR TWO ASFHERICS AND MIN S4+52 ARE
CGHIC CON. 4 COaNIC COH. 2 ASFHERIC CON. 2

-41.89258 -5, 8625 t

s4 s2 &3 . 54 &3
6. 98432E-18 - 1, 74622E-19 7. 5O0068E-4 9. SGRGEE-4 ~1. 44080E-4
DO YOU WAMT R DIFFEREMT COMEBINATIGH OF ABRERRATIONS MINIMI;ED 7
?N0

DO YOU MWANT ANY OF THE STARTING VALUES (H,F, M, L, D) CHANGED ?

s 2?N0 .

~THE TOTAL SURFACE DEFTH AT THE EBGE OF THE PRIHARY I3 -1. 87476
THE ASPHERIC DEPTH AT THE ERGE OF THE FPRINARY IS 2. 88823€E-3
THE TATRL SHRFACE DERTH AT THE EDGE OF THE SEEOHDARY IS -8, 3688512
THE ASFHERIC DEFTH AT THE EPSE GF THE SECONDARY IS L.13%43E-32
THE INSTRE RADINS RF THE PRINARY IS 2.94133

(30)} THE YERTEX THICKMESS GF THE PRIMARY IS 3

THE YERTEX THICKMESS 8F THE SECONDHRY IS 1.47978
THE EENTER OF HASS fS HER<UPE& FEOH THE REAR AF THE PRIHARY ALONG THE

BPTIE RXIS IS §.72819 _
DENOTE THE UNITS oM THE INPUT YALMES: IMCHES BY 2.54, HILLIMETERS BY @.1
s EEMTIRETERS BY L, HMETERS EY t9e

71

THE TOTAL HEIGHT IM GRAHS IS 784
THE MOHENT OF IMERTIAR (18 &H. (UM
- 1. 21133E+8
D0 YOU WANT TO RUN ‘THIS CHASSEGRAIN OGN ACOSS 7

'N

%
I

T 1#¥2}FOER THE SYSTER IS

VES
(11)] GIYE THE LENS A NAME
?SANFLE _
TYPE THE COMMAND. .. MONITOR ...
THEN TYPE THE COMMAND ~----TOCDC ACUSS. CDC----~-

LAND THE ACOSS GUTFUT WILL EBE FPLACED IN THE DEC 16 FILE RS OQUTFRUT

Fig.> 7. ‘Sample Design Run, Continued.
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[TYre - QUTPUT - : :

WACCOSY LICENSED FOR USE AT U OF A. TUCSOH PD B4/28/75 -
-~LENS ' : .
--LI, SAHPLE : .

--SAY, 50
--5CY,-1006880008
-~TH, 4.00@BBE+10
--AIR

--AIR

--CDBS, 14.7878
--ASTOP EN
~-REFS
--CVY, -8, 8015
--CC, -1, 89259
--TH, -235. 294
<<REFL

--CV, -8, 8034
--CC, -5. 8625
--ASPH, 8
--TH, 294.118
--REFL
--PY, B
--AIR
--E0S
--DCDY

EFL ‘BF F/NBR LENGTH 01D T-HAG
(12) 1008, 0824 . 888 18. a6 294, LLG QR A bk -. ABBBAB
--PXTY ALL ' : '
PXT IN ¥z PLANE AT HAVL 1
SURF Py pCy : PUY PuUCY
8 B. 08088 -. 1BROBE+HY RIILE . 81866
1 58. 86008 p.800BE . BeaAa . BLE00
2 58. 0806 8. 860808 15800 -. 81008
2  14.78598 2.35294 -. B5@08 . 82600
4 . 88884 18. 006081 -. 85860 . 82668
5 RILLL 16. 68083 -. 85808 . 82680,
--HRBZ ALL
HONOCHROMATIC RBERRATIONS RT NAVL 1
SURF SAZ CHAZ RSTZ pIS2 PT23
1 g.800068 0.800000 9. 888608 6. 0BABAR 8. BAOABE "
2 . BB3986 . B16875 -. 688758 2 0.08988@ . BaE750
3 -. 883986 -.816875  .@spees . 006144 -. 861780
4 B. 860000 B.pBREAR p. Baaane p.BEG0OBA . 0. 600008
TOTALS -. 880082 -.Be@E08  -. 687588 NLITTY: - Ba9588

Fig. 7. Sample Design Run, Continued.



--LEND
LENS SAMPLE
SAY 5. BEBRABRE+HL
sCY -1. 680A00BE+0E O
TH 1.808080GE+10
RIR
TH 8.
AIR
(12) | cc -1.8925980E+80
REFS '
ASTOP EN
cy -1.5088808E-02
CoBS 1.4787808E+21 B,
TH -2.3529408E+82
REFL :
| ASPH B. a. 9.
ce -5. 8625000E+08
cv -3. 4E0BBBOE-B3
| TH 2.9411800E+82
' REFL
Py 8
RIR
L EDS .
c ... END OF LENS DECK.....
-=EXIT

Fig. 7. Sample -Design Run, Continued.
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9. Thinking we might do better with a smaller L we change L
from 1.0 to 0.8 and repeat steps 6, 7, 8 and decide that the combina=
tion of two aspherics and minimum S1 and S2 is better.

10. . The program lists the total surface depths, the aspheric
depths, the inside radius of the primary, the vertex mirror thicknesses,
the center of mass (using a density of 2.5 gm/cﬁa), the total weight
in grams, and the moment of inertia. |

11. The program creates a lens deck with the last system's par-
ameters and puts it on file so we can run this mirror system on the
ACCOS 5 program by typing thé commands "MONITOR", and then ''TOCD
ACCOSS.CDC”.' The program then tells us Where we will find the output
from ACCOS5, when it has run. |

12. The output from the ACCOSS run‘isrlisted for comparison with
the Seidel aberrations. The two lists of aberrations are related by

the following equations:

SA3 = o ,
CMA3 = 32nSuZ = Tangential Coma
ASTS = 22

PTZ3 = —2%

DlS? = é%%

where u is the final marginal ray angle with the optic axis (for this

sample lens u = (PUY) = - 0.05).
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Comments on Programming

,TO use this program, the first thing that must be done is to
enter theVprograﬁ into the Dec ]Offile directory° To do this, obtain
the card deck of the program, type the following cards, and read them
into the CDC 6400 card reader in this sequence:

$JOB - name (ppn)
SPASSWORD - password

$DECK - name, ext

.[E%e card deck of the program

$EOD
where: name, is the name desired to call the job;
ppﬁ,.is the billing number on the Dec 10;
password, is the password for the ppﬁ;
name, e*t.,Ais the name wantéd to call the file.
Once the program is on file and has been logged into the Dec.IO,
- the following statements should bé typed (to number the program state-
ments) : hSOS name, ext''; and Y"*EN'"'. Then Basic should be entered, and
the program into Basic by typing: "'/R_BASIC", and then '"'OLD FILE NAME--
name. ext!'.. |
Now the following changes must be made in the program:
In statement 5840:

ZDRO charged to the name wénted to call the job

9702762X. charged to the billing number for the CDC 6400.



In statement 5900:
BXXX, XXXXX

AAAAAA

29

charged to the billing number on the Dec 10.

charged to your password for the Dec 10

billing number.

Secondary mirror misalignment considerations, both axial and

‘lateral, were not included in the program. To include these considera-

tions, the best reference would be Wetherell and Rimmer (1972, pp.

2823-2826). All the equations

they present in this article can be

converted for use in this program by using the following substitutions:

-w e-F
m = M, F T Fp
8 M(1-L) _

T+ML ¢

H 4

F ,
-I_TM-,DP=H,

R . _E(-L)

H(1+ML)

Since the program is in Basic any or all of the effects of misalignment

mentioned by Wetherell and Rimmer can be monitored by the program by

including thebappropriéte equations (with the above substitutions) in

the program. A listing of the program is included in Appendix A.



CHAPTER 5

THE EFFECTS OF PARAMETER L ON AN APLANAT

To observe the effect of L on the obstruction ratio, the value

of §3, the value of Sk, the primary aspheric constant (A4), and the

secondary aspheric constant (A3) for a two mirror éplanatic system,

the following arbitrary system was run on the program: aperture height

(50 cm), image height (10 cm), effective focal length (1000 cm), mag-

‘nification of secondary (5), and L (from 0.1 to 1.4). The run is

listed in Appendix B, and the values for Table 3 were taken from there.

Table 3. Properties of Aplanat vs. L.

|-
o

0.1  0.6800
0.2 0.5200
0.4 - 0.3600
0.6  0.2800
0.8° 0.2320
1;0 0.2000
1.2 0.1761
1.4 0.1600

S3 (10=%) sh_(107%) . Ak
3.625 2.5 -1.160
L.750 7-5 -1.080
7.000 17.5 -1.040
9.250 27.5 -1.027
11.500 37.5 -1.020
13.750 47.5 -1.016
16.000 57.5 -1.013
18.250 67.5 -1.011

719
.563
18k
458
445
438
432
429

30



Plotting e vs. L for this system in Fig. 8, we see the ratio

e decreases rapidly as L increases. An equation for e in terms of

L is:
H LD
1+ M 1+ M
H
.0
0.8
0.6
0.4
0.2
0 0.2 0.4 0.6 0.8 0 1.2 1.4
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From the plot we see that e becomes reasonable when L becomes greater
~ than 0.4.
| Plotting S3 vs; L for this syétem in Fig. 9, we see‘that S3

-ihcreases‘linearly as L increases. Projecting the plot for the vaiue
of L where‘SB = 0 (an astigmatic aplanat), we find L = - 0.22.
Which means that we would have a virtual image if we used this value
for L to make the systém astigmatic. Checking this value for L with
the relation for astigﬁatic aplanats B.= 1/(%~M£] we. find agreement.
Plotting S4 vs. L for this system in Fig. 10, we see that S4
‘also increases linearly as L increéses;ﬂ Finding that S4 = 0 when
L = 0.05 we can again check this value-with the relation for.a zero
Petzval curvature [L =1/ (M2 - PD] ; and find ‘agreement. Therefore,
from this graph we can determine that for thfs systém, the lowest
' value ofﬁSA will be given by the lowest Qalue of L we can use. |
Plotting Ak vs. L for this system in Fig. 11, we see that Al
approachés - 1.01 nonlinearly as L increases. Ak also decreases very
rapidly as L approaches zero.
Plotting A3 vs. L for the system in Figure 12, wevnotice that
A3 approaches - 2.42 as L increases, and then decreases very rapidly
as L approaches zero.
In summary we can say that the general effect of L, increasing
from 0 to I.h,ron thjs system is to increase tHe Seidel aberrations

linearly and reduce the obstruction ratio. Each conic constant has
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10. A4 vs. L.

Fig.
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a large amount of change as L goes from 0 to 0.5, but then they

each tend to converge to their final values as L approaches 1.4.

To present a better idea of the systems represented in
these plots, diagrams of three systems considered appear in

Fig. 13 (1 = .1), Fig. 14 (1 = .6), and Fig. 15 (1 = 1.4).

Primary
Seconda IN ---mv

666

Fig. 13+ System for L = .1.

37
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Primary

Secondsr

#-
12.5

150
250

Fig. 1k. System for L = .6. ,

Primary

Secondar

125
175

Fig. 15. System for L = 1.4



CHAPTER 6
. CONCLUS!ONS

The program is limited to two mirror'éystems and so is primar-
ily for the designer who is desigéfng this type of system. The writer
believes the program can be a va]uéb]e tool to this designer whb is
looking for a usable ;et_of startfng parameters for input to an
involved design program, which allows all the parameters to vary. l;
is jntehded to place the starting design close enough to the minimum
solution desired, that the more fnvo]ved program can more quickly find
the best minimum. As is stated by'Jam%eson (1971, p. 94) (referring
to fheAdesign programs now available) '"Normally the final system is
similar to the initial system in terms of thé distribution of powers
so that the step taken in baraﬁeter sﬁace is normally small.' So by
. placing the originalvdesign or starting parameters close to the solu-
tion, a more efficient use of the involved program may be realized. To
this end, the writer believes the program can claim some success.

The listing of the physical parameters of the system (such as
the center of mass, thicknesseé, eté.) at the end of the program is
provided to give the designher a more detai?edrdescription of the result-
‘ant system. A description of fhe approximations made in these calcula-
tions is listed in Appendix C! These physical parameters will obviously
change when the more involved program changes the system, but the changes
will be small.

39



APPENDIX A
PROGRAM LISTING

This is a list of the program as it will look after the
procedure in the Comments on Programming section has been followed.
It is included as a reference for those who wish to make changes in

the program.

bo



Y]

’ bB'

1280

. 2086
216@

22
238
240.
"}ﬁa
268
278
288
298

‘z@0
318

328 .

238
348
358
260
z7e
288
zs8
428
418
428
438
448
450
468
478
488
490
588
518
5280
538
548
558
568
s7e
588

41

PRINT"THE UNITS ON THE FOLLOMING CALCULATED VALUES MILL BE THE®
PRINT"SAME HS THE UNITS ON YOUR INPUT YRLUES®
PRINT"WHAT IS THE AFERTURE HEIGHT?®

LET J=A3=A4=A9=0

INPUT H-

PRINT'NHAT IS THE IMAGE HEIGHT?®

INPUT D

PRINT"MHAT IS THE FOCAL LENGTH?®

INFUT F

PRINTNHAT 1S THE MAGNIFICATION OF THE SECONDARY 7°
INFUT

PRINTYMHRT 16 THE RATIO OF THE MIRKOR SEFARATION TG®
PRINT"THE INRGE DISTANCE FRONM THE SECONDARY®

INPUT L

FRI'JT!IHII HFH "MH HLH HDU

PRINT H,F, M, L, D
LET N=H¥D/F

LET Se=CU#HAF) #d=4=Ma (LM *L)

LET Pi=-N#N/S4

LET Ki=H/F '

LET K2=C1~H)#CL+1¥L) /¢F)

LET Hi=H

LET DA=L#F/(L+HEL)

LET D2=F/¢L+Hel) .
LET R=AESCHACL+M#L) ) +AES CLHDACLEMRLY)

LET c2=K2/2

LET Ci=-K1/2

LET Fi=1/C¢Ki*H#2)

LET @7=8
LET D4=%

IF M=1 THEN 348

LET F2=-1/(K2#2%R)

IF MC>1 THEN 390
LET F2=8
LET @S=D#L/H
LET QE=16%He#4/CL+HsL) wed
LET ad=g
LET @7=1 : '

FRINT*1ST POMER®, *2ND POWER®, "SEPRRATION®, "B FOCAL DIST®
PRINT Ki,Kk2, D4, D2 ,

PRINT"CURVATURE 1°, "CURVATURE 2°, “PRIMARY F#7, "SECONDARY FB°
FRINT C1,C2, F1,F2

FRINT "RADIUS OF SECONDARY®

PRINT R

FRINT"S4¥, "PETZVAL RADIUS®

FRINT S4, P4

FEINT*IS THE PETZVAL RADIUS TOO SHALL ?°

INFUT 0$

IF 0¢="NO™ THEN 538 :
FRINT*TO INCREASE PETZVAL RADIUS : INCREASE FOCAL LENGTH, DECREASE®
FRINT"THE MAGNIFICATION OF THE SECONDARY, OR DECREASE L®
GO TO 88 -

GOSUE 4958
PRINT "THE SEIDEL RBERRATIONS FOR BOTH SURFACES SPHERICAL ARE®
LET B=2xlxxZ/CHeH)
PRINT “Siv, "czn “S3%, n54%, s550

IF MC>1 THEN 65
LET Si= (H*#4/(4*F#*())*H*¢7

590 LET SZ=(HxHeN/(2xF#F))#{=~1)



rag
vig

vea

racd:]

858

- 2ga

aga
o968,
Sie
.ezp
=d s
a4a
ase
864
arvn
-3 :3¢)
984
1880
1816
1628
1838

1840 -

1a58
laea

i1are-

i1aee
1824
11068
1116
1120
i13a
1146
i15a
1168
1178
1188
1198
128640
i21@
1228
1228
iz4@
1258

42

LET S3=(W*N/FY*(1L)
LET Sd4=(W+N/FI#{~1)
LET S55=a
LET K=8
- G0 TO Vi@
LET K={A-Wr#xZ/(1+M%EL)D
LET Si={(H##d /(4xFatZ) da{(Mep+la 1+ ALL-H) D un2)
LET S22(HsH*N/(ZHF#FID#:( =L+ (L2 REECCLEND AL =MD D k0 2)
LET SI=(N*#HAF & {1 -(4-M) L+ LA20maZafb {1+ /(1= 1D ) 2D
LET Sd={Nkl FIal{=1=k{l-M)%L) :
LET 55=E#(L*(1 MY =L/ 2)an2ndl— M)»(<-M>+(Lf2>*msmkm(<1+m> CA-MI D Rn2)
LET Ri=AS
LET AZ= HG 1
IF J=1 THEN 75@
PRINT £1,52,5%, %4, &5
PRINT "HOWN MANY ABERKEATIONS MINIMIZED .54,52,5%, G5*
INPUT P . ’
IF F=4 THEN X216
IF P=% THEN X6i@
IF P=2 THEN 1558 )
FRINT"WHIGH ONE MINIMIZED ? DENQTE S4 EBY 4, S2 BY 2,53 BY , 85 By 5°
INPUT P : o
FRINT"DO YOU WANT THE PRIMARY PARABOLIC v
INFUT OF%
IF O$="NQ" THEN 1818
LET FAd4=-1
IF P=5 THENMN 298
IF P=X THEN S7¥a
IF P=2 THEN &G54 ) '
FRINT"SEIDEL AEBERRATIONS FOR A PRRAEBOLIC PRIMARY AND MIN S41 ARE™
LET Ed=S1+(Hk#d  (dnFaaI) I =MakI+0EAS) +QRTHHEHAT
LET E2=Si+{H¥¥d (daF eI ol ~lkbI+E+AC) +OTHAGHAE
LET AXZ=RS-(EL1*#(AS-RE>/(EL1-EZ)
"GOSUB 4g&6a
GQ TO Szaa . ) ’
PRINT"SETDEL RAEERRATIONS FOR AR FARABOLIC FRIMARY AND MIN S2 ARE®
GO0 TO 127 ’
PRINT"SEIDEL RABERRATIONS FOQR A PARREBOLIC PRIMARY ANDE MIN SR ARE®
GO TO 1x7@
FRINT"SEIDEL ABERRATIONS FOR-A FARARBOLIC PRIMARY AND MIN
GO TO 1470~
IF F=5 THEN 1458
IF P=3 THEN 435a
IF P=2 THEN' 125@ -
PRINT "DENOTE WHICGH SURFACE HCPHEEIC PRIMARY BEY 1, SECONDARY BY 2¢
INPUT F
IF F=2 THEN 1150
LET Bi=Sti+(He¥d/(4:FaZ) I MonIaA1)
LET B2=S1+(H##4/(4#F eI 3 (MreTHAZ)
LET R4=R4-(BL:{AL-AZ2)Y>/{BL-E2)
LET S1=S1+(Habd (4P aaZ) ) hdierIeA4) )
FRINT "SEIDEL REERRATIONS FOR A SPHERICAL SECONDARY ANMD MIN S1 ARE"
PRINT™SGA", "S2"™, "Q2%, "Q4", "C5", "FRIMARY CONIC CONSTANT
PRINT 51,52, 5%, 54, €5, A4.
GO T S:a. :
LET A4=@
PRINT"SEIDEL HEEPRHTION FOR A SPHERICAL PRIMARY AHD MIN S1 ARE®
IF MM THEN 1268
LET A9==51/06
GO TO 12Z2a i
LET Ei= <1+(H*$4r(4*F**«>)#K*Hi
LET E2=S1+(H#xd/(44F w43 )+#K+A2
LET HAZ=A4-(BL*{AL-RZD >/(EBL-B2)
GOSUE 4860
G0 TO 3x84a
LET RA4=a

wn
(L]

ARE"




43

PRINT "SEIDEL RAEERRRTICONS FOR A SPHERICAL PRIMARRY AND MIM S22 ARE"
IF MC>1L THEN 1360
LET A9=-S2/(QS%0E6)
GO TO 13=@ .
LET BA=S2+(L A2 #KEALEHEHEWN/ C2#F 2F)
LET B2=C2+{LA2) RKAAZHHEH# YA 2HFHF )
LET RI=A1-CEL#(AL-A2)) (EL-B2)
GOSUR 4866
GO TO 5366
LET Ad4=a _ T '
PRINT "SEIDEL REERRATIONS FOR A SPHERICAL PRIMARY AND MIN S3 HRE™
IF MC>1 THEN L4@@
LET A9=-5X/(QS++2406)
GO TO 1438
LET EBL1=S2+{L/2)##2%KaAL el F
LET B2=GZ4+<L 20 dnZulnfAZw el F
LET AZ=AL-~(BLix(RL-A2) > CEL-E2)
GOSUE 4860
GO TO 5306 . ’
FRINT"SEIDEL REERREATIONS FOR A SFHERICAL PRIMARY AND MIN S5 ARE®
LET Rd=8@ ; . : :
IF W{». THEM iSag
LET AS=0
GO TO 1538
LET EB1=5S5+(2%M#3/CHEHD D# (LA 2 e Tuk Rl
LET BZ=SS +{2#MraI (HEH) y#{lL/2) #uInlKrAzZ
LET AZ=AL1-<BLlwCAL-AZ)) A(BL-E2)
GOSUE 4868 : :

"GO TO S:zo@

FRINT"WHICH TNO MINIMIZED? DENGTE S1+62 BY 1, S1+S3 BY 2, S1+§5 BY
PRINT"S2+45Z BY 4, S2+SG BY 5, SI+55 BY &°

LET A1=A5=.5

LET AZ=fE=1

INFUT P

IF F=2X THEMN 25e4

IF P=2 THEN 22060

IF F=1 THEN 1828
PRINT"DO YOU NANT THE FRIMARY PARABOLIC ?°

INPUT 0% )
IF 0¢="NO" THEN 4i7i@
LET A4=-1

IF P=4 THEN i7c@
IF P=8 THEN 4i7g@

‘IF P=€ THEN 4i&a@

GO TO S5x&a )
LET R4=0

IF P=4 THEN 294@

IF P=5 THEN Zoz@

IF P=& THEN Ziz0

G0 TO 5z2@@ , »
FREINT"SEIDEL RBERRATIONS FOR A FARABOLIC PRIMARY AND MIN S2+53 ARE®
GO0 TO 2950 .

FRINT"SEIDEL ABERRATIONS FOR A FARAEOLIC PRIMARY AND MIN S2+S5 RRE®
GO TO 2848 '

FRINT"SEIDEL ABERRATIONS FOR A PARABROLIC PRIMARY AND MIN SI+S5 ARE"

GO TO ziza

PRINT"DO ¥OU WANT THE PRIMARY PARARBOLIC
CINFUT D¢ . ’

IF- G¢="¥ES" THEN 2000

PRINT"CAN EOTH SURFACES EE RSPHERIC ?*
INFUT 0%

IF 0$="NO" THENM z10@

FRINT*SEIDEL ABERRATIONS FOR TWO ASFHERICS AND MIN S1+52 ARE®
IF MC>L THEN 1926 .

LET A9=-S2/(RS+RED
GO TO 1858

-~

3“



1926
1938
1944a

1956

LET Et=52 +(L/2)*k*ﬂ5#H#H#N/(ﬁ#F#F)'

LET E2=S2+(Lr/2) #EnAEeHRHENAC2 1F*F)

LET AZ=AS-(E1+{AS-AEIIACEL-E2

LET Bi= C1+(H#*4f(4*F*»«))*(Hx»«»H1+Lﬂﬁ )+Dt#0r*ﬁ9

LET E2=SL1+SI+REx((LAZY s ulalbl /F+{HEdd/ (4aFraid ) =k)
IF MC>4 THEW 2858 - ) )

Bl

S1+52 ARE™

S4+52 ARE™

b
>

S1+S3 ARE"

ARE"

Si+5% RRE®

1960 LET B2=S1+(Hw#4/(4nFaaId ) nlMunIsfAvKanE I FQEHGIFRRAS
1378 LET R4=AL1-(Bi#{AL-AZI>{Ei-EZ )
1988 GUSUE 4gc8
1988 GO TO 5306
20800 PRINTYSEIDEL ABERRATIONS FOR A FRRABOLIC FRIMARY AMD HMIN
2018 LET R4=-1
20828 LET Ei= Si+SZ+HS*((L/2)*K*H*H*Nr(2*F*F)+(H#*4*(4*F**‘))*K)—\H**4/
ICEIETRSREY FTY: . )
2828 . LET E4i= Si+<2+96*((L/Z)#KﬂH*H*N/(Z*FiF)+(Hm*4/<4*F##3))?K) -(Hexd/ !
(CEIE T XSDED £ X
2048 IF MC>1 THEN 2@r7@
22858 LET AS=-S2/¢REH{L+05))
2068 GO TO Zoee
28ve CLET Hf‘ﬂu-\Ei*(HS'ﬁb)) '(Ei1- E;)
28808 GOSUB 48&@
2089¢ GO TQ Sz68 .
2486 FRINT “"SEIDEL HEERPHTIUN ~FOR SPHERICAL PRIMRRY ANMD MIN
2116 LET A4=a .
2128 LET EA=S4+S2+AS5#((LA2) sKeHeHEMAC2HFHF) +LHbnd  (dnFknT) 2 kK
2128 LET E2=SL+S2+ARE#{(LL/2)#KaHeH NA(ZHRFRF) +{HbRd A (4uFanT) ) 4K
2148 IF W<>1 THEN 2478 .
21358 LET AS=(-Si-S2) (QE+(1+H3
2168 GO TO 2166
21?8 LET AZ=A5- (Ei*(ﬁs—ﬁe))/(si E;)
2188 GOSUER 486w
21%8 GO TO Szaa
2zae PRINT"DO Y0U WANT THE FRIMARY PARABOLIC 2°
2218 INPUT 0¢ :
2228 IF 0%="NO" THEN 22x@
2228 PRINTUSEIDEL ARERRATIONS FOR A PARAEQLIC PRIMARY AND MIN
2248 LET A4=-1 ) . g .
2258 LET E1=Si+€?+ﬂﬁ*((L/2)**2*K*N*M/F+(Hm*4ﬁ(4*F#*?))*K)-<H**4/(4*F**3))
L EE S
2268 LET Ep=G1+ _2+H6*((L/Z)**zwriuxw/F+(H$»4/(4»F$$«))xr) (H*$4M(41ka3))
L B2 0cd
2278 IF nC>1 THEN 2368
2288 LET RI=-SE/(R&E#{L1+Q5#%2))
2298 GO TO 2zXia
2288 LET AX=AS5-¢EL#(AS-A6)I C(EL-EZ)
2316 GOSUR 4&6a
2328 GO TO SZxaa
2328 FRINTYCAN BOTH SURFACES EBE ASPHERIC 7°
T 2348  INPUT 0% o -
2350 IF O¥="NO" THEN 2488
2360 PRINT"SEIDEL ABERRATIONS FOR THO RSFHERILS AND MIN Si+&8%
2378 LET E4=SZ+{L/2)%aZ¥xAS+NxN F
2388 LET EZ=SI+{L/2)ex2%fafic+sNAF
2398 IF HM<>1L THEN 2428
2488 LET A9=-SE /C(RS+u2+QE)
2410 GO TO 2428 o
2428 LET RI=AS-{(EA¥(RS~RE))/C(EL-E2)
2438 LET Bil=Si+C(Hwdd CdeFnei) da(reIeAL+K+AZ) +QEFAERT
2448 LET B2=Si+(Hwrd (4deFraI) )bkt AS+EAZ) +QEHRIERT
2458 LET A4=R1-(BL={AS~-AE) > (EL-E2) -
2468 GOSUB 4&6a
2478 G0 TO SZaa
24280 FRINT"SEIDEL ABERRATICNS FOR SFPHERICAL FRIMARY HND MHIN
2498 LET A4=4
2588 LET E4=S4+SI+ASa{{LA2r##2% Kl AF+{HEx4d/ (42F 32T ) =KD
2518@



2538
2548
2558
2560
2578
25808
2598
26080
2610
2626
2638
2648
2650
2668
2678
2688
2698
. 2780
7i@
2?2@
2738
2740
2758
2r&e
277
2780
2798

. 2808

218
za2p

2840
2854
2860
28ve
28808

2898

2904
2918
2928

2938

2948
2950
2960
2978
2988
293%8@
38ba

38186

p2a
zpze
3840
658
868
Igre

T 3888

z@58@
3168
3118
2128
3138
z148
2158
3168
3178

45

(~S1-S2) A(RERLLHRTHEZD)

LET A9=
60 TO 256e N

LET AZ=AS-(EL#(AS~AE6))/(EL-EZ)

GOSUE 486@ : :

GO TO Szae

FRINT"DO YOU MANT THE FRIMARY FARABOLIC 7°
INPUT 0%

IF 0$="VES" THEN 286@

FRINT"CAN BOTH SURFRCES EE ASFHERIC %
INFUT 0%

IF 0$="NO" THEN 27¢@

FRINT®SEIDEL REERRATIONS FOR
LET EL=SS+E#{L/2)#xI+KEAL
LET BRESS+Bx{L/2) #nTxKeA2

IF M¢>1 THEN 2z7@@

LET AS=@

GO TO 27410 _

LET AX=Ri-{BL+{AL-AZ)) (EL-E2)
LET E1=S1+CHe#d/ (4aFanI) )k (ManTeASHIHAT) +QERTIHOT
LET E2=SL+CHa#d/ CdnFaad)d ¥ MankInRE+KeRT) +0ERATHGT
LET A4=A5-(E4#C(AS~AE))(EL~ED)

BOSUE 4860 '

GO TO 5388 -

FRINT"SEIDEL REERRATIONS FOR A SFHERICAL PRIMARY
LET A4=8

LET EL1=51+S5+AS#CER{LAZ) dkInl +KbHbtd/ (4RFHET) )
LET E2=SL+SS+AERCERCLAZY wnTak+KnHktd  (4nFEuI))
IF MC>L THEN 2g§3@

LET A9==S1/CRE#(1+A54£3))

GO TO 2848

LET AZ=AS- (Ei*(ﬂu-ﬂe))/(Ei—EZ)

GOSUE 4g6@

GO TO 5z@@

PRINT"SEIDEL AEERRATIONS FOR A FARAEOLIC FRIMARY
LET Ad=-1

LET EL=S1#S5~CHe#d/ (40F kD)) kMeuT+ASHCERCLAZ) #hTHIH(HAkd AR 442 I #K)
LET E2=S1+SS=CH 44/ CaRF ok ) aMad THAERCE#(LIZY MR TR+ CHIH A/ CHRF ) ) KD
IF M=1 THEN 2928

LET RX=AS-C(EL*#(AS-RE))/(EL- E2)

GOSUB 4862

60 TO 53@8

PRINT*SEIDEL ABERRATIONS FOR A SPHERICAL FRIMARY
LET E4=S2+SI+ASHIL 2) #KkHEHRNCZRFRF) +CLAZY bt 2a ot AF )
LET E2=52+SI+AE+LCLA2) #IaHEHEN, C2RFARF) +CLAZ) S 2 ie il F )
IF MC>L THEN 2800

LET A9=(-52-SI3/(RE#COS
60 TO 381@

LET AZ=AS-(BL#(AS~AE))/CBL-E2)

GOSUB 486D

GO TO 5X6E@ _
FRINT"SEIDEL AEERRATIONS FOR A SPFHERICAL PREIMARY AND
TLET BE=S2+SS+AS®((L/Z) #KaHRHAN (ZRFEF) +ErdLA2) 2% TxK)
LET EZ=S2+SS+RER(CLAD) #KaHRHRNA L ZRFF) +Ba(LAZ) 46 THKD
IF MC>L THEN 2898

LET A9=(=52~55) /(OERCRS+OSHRT))

G0 TO 2108

LET AZ=A5-(Bi#(AS-AG))/(BL-B2)

GOSUE 4868

GO TO 5320 .

PRINT"SEIDEL REERRATIONS FOR A SFHERICAL FRIMARY
LET E4=SI+5S+ASHCC(LA/ D) #4206k Ml F +ExCLAZ) #538K)
LET BE=SI+SS+RE#C (L) wa2ukalul FHERCLA2) 4k TK)
IF M<{>L THEN 3188

LET AS=(-S3)/CHE#CRSHR2+QS##T))

GO TO 319@

THO ASFHERICS AND MIN S1+S5 ARE"

AND MIN S4+55 ARE"

AND MIN S1+8&

ARE™

AND MIN

FRSRE2)I )

MIN S2+&55 ARE"

AN MIN S2+55 ARE"



2418
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LET AZ=AS-(Ri%=(AS~-REI I A(BL-E2)

Gasue 48&@

GO TO S368

FRINT*DO ¥0U WANT THE FRIMARY FARASOLIC 7¢

INPUT 0% ”

IF G$="YES" THEN :518

PRINT"CAH EQTH SURFACES EBE ASFHERIC 7¢

INPUT 0%

IF 0$="NO" THEN 34@@

PRINT"SEIDEL REERRATIONS FOR THO ASPHERICS AND MIN S4+S2+S3+S5 ARE®
LET G=(L/2 2y #KaHEHEN A 2RFRF ) +{LAZY a2kl AP + B L £ 2 ) ek ThK
LET GI=SZ+S5I+55+G*AS

LET G4=S2+53Z+65+6+A6
IF MC>L THEN 3348

LET AS=(-82~-SZ)0/ ACQEx{QS+0Sa42+00#4E))
GO TO 2256 .

LET RXZ=RE-(GZ+(AG~AEIIA(GI~G4)
LET Ji=Si+(Hbad {dbFanZ)dn(MeeHAS+K+A) +0ERAT20T
LET J2=S1+{H+ed (4dxFaxI )+ {(MeaTHAC+ERTI +REAIRQT?

LET A4=A%-(Ji#{(AS-REIIA{JTL~T2)

GOSUE 4866

GO TO Szaa

FRINTYSEIDEL ABERREATIONS FOR A SPHERICAL FRIMARY AND MIN S1+52+S2+S55"
LET G=(L/ /2y +KsHrHeN/{2xFF 2+ (L2 a2l AF+ER (L 2 b Tk +

Ea{Hbk4 /{4 EFH%3))

420
3438
‘2448
3454
3468
2478
34880
2498
2508
518
=520

LET RA4=8 _ : -
LET E1=S1+S2+S2+85+A5#G !

LET E2=51+S2+E3+55+A6HE

IF M<>1L THEN Z48@

LET AS=(-Si-S2~-S3)/{REx{L+QS+0SHe2+00SH%T) )

GO TO 2498

LET HZ=H5-(E1$(Hu-Hb>)z(E1 ~-E2)°

GOSUE 4g68 -

G0 TQ Sz86

PRINT"SEIDEL HEEEFHTIDNC FOR A PARAROLIC PRIMARY AND MIN S1+S52+82+S5S50
LET G=({L/Z20#feHAHENAC2RFRF )+ (LAY #n2aalal F+Be(L 2) #2320+

Kbl He#d A C44Fh%3D)

I5z@
3548
3558
2560
3878
z588
3524
36048
618
X628
638
2648
3636
3666
&7
3688
3698
zve0
Zviae
37248
X738
740
Ivse
Ivea
3778
Ivea
2798

LET Ad4=-1

LET Ei=S1+82+83+ 88~ Heud L 4xFehId ) kMhxIT+ATHE
LET EZ= 1+52+52+Eﬁ CHakd A CdF b)) Y eMekT+HERE
LET f9= < 2-SR)ACREH{LERNE+QT RS FRTRRT) )

6o TO :SQE _

AZ=AS-(EL+CAS-REI I ACEL~E2)

GOSUR 4868

GO TQ Sz26@
PEINT"WNHICH THREE ARERRATIONS MINIMIZED? DENOTE S1+452+8% BY 4, °
FRINT"S4+52+50 BY 2, S2+S3+50 BY I, SL+SI+480 BY 4°
INPUT P
FRINT"DO YOU WANT THE PRIMARY FARABQLIC 2¢
INPUT 0% i
IF P=X THEN 4420
IF O$="YES" THEN I85&
PRINT"CAN ROTH SURFRCES BE ASFHERIC 2%
INPUT (0%
IF O%="NO" THEN 2P5Q
IF P=4 THEN 4488
IF P=2 THEN 42Zi@
IF P=1 THEN 4886
G0 TO.5z@a
IF F=4 THEN 4¥Zxa
IF P=2 THEN 4&08 .
PRINT"SEIDEL REERRATIGNS FOR A SPHERICAL FRIMARY AND MIN S1+S52+52 RARE"
LET f4=a )
LET E4=S4+524SZ+ALn(I0nHasd /(AP aeI) + (L A2) #l0eHeHENA(2HF2F ) +

CLAZ k2 KalaN/F D
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' 2888 LET E2= <1+qz+s;+92*(K#H**4/\4*F**;)+(L/2)*K*H*H*NI(Z*F*F}*
(L2 ee2ekKxleN/F)

818 IF M{>1 THEN 2858

3828 LET A9=(-S1-S52~S3)A(QE+(L1+Q5+R5+%2)>

3828 IF 0$=“"NO® THEN 32879

3848 LET AS=(-S2-SII {RE+(L+QS5+05=%2))

3858 IF 0£=“YES® THEM 4058
- 3868 LET AZ=R1-Eix(Ai-AZ)/(EL-E2)
IBVO GOSUB 48¢8
Zgee GO TO 5368
3898 LET A4=~1
3988 IF P=4 THEN 3938
918 1F P=2 THEMN 3988
3928 IF P=1 THEN 4038
3938 FRINT“SEIDEL REERRATIONS FOR A PARRBOLIC PRIMARY AND HIN S1+52+S5 ARE®
2948 GO TO 4758
2358 LET E1=E1-(H¥*4/(4F%3) rxlxx3
3960 LET EZ=E2-(H¥#4/(4xF+x3) I sleel
3978 GO TO 4826 . :
3986 FRINT“SEIDEL AEERRARTIONS FOR A PARABOLIC PRINARY AND MIN S1+52+85 RARE"
3998 GO TO 4628 : :
4868 LET E2=Ei-(H¥x4A (45 ae) ) efex
4818 LET E2=E2-(H¥x4/(4+F#a3) ) $Hee3
40926 GO TO 4698
4838 PRIMT"SEIDEL REERRHTIDNS FOR A PRARABOLIC PRIMARY AND MIM Si+52+53 RRE®
4848 GO TO 2798
4858 LET EA=EL-(H¥#d/(4#F2x3) ) aHes3
4868 LET EZ=E2-{H¥#d/ (4xFreI) I eles3
4a78. IF M=1 THEN z87B
498p GO TO z2gER
4990 FRINT"SEIDEL REERRATIONS FOR THO ASPHERICS AMND MIM S1+S2+83 RARE™
4408  LET Bi=S2+SE+ALs({LA2) wKeHHENA{ 20F#F ) +{LA2) wh2uK s aN/F )
4118 LET B2= S"+53+H¢w((L/2)*K*H*H*H.\;*F*F’+(LX2)**;*K*M*R/F)
4428 IF M{>1 THEN 4i5@
4130 LET A9=(-52-53)/(QE+( RS+AS##2))
4148 GO TO 4168
4158 LET RI=RAL-{21%{AL1-A2>)/{Bi-B2)
4168 LET Ei=Si+{H¥xd/(4xF45I) Y a(Mr+I+AS+K+AZ) +QEARCOT
4178 LET E2=S1+(H*x4/(4kFkxTI >+ {MeaTeACH+KEAZ) +QELAI=Q7
4188 LET R4=R5~(Eix(RS- HS))/(Ei -E2)
4198 GOSUE 4868
4288 GO TO 52684
4218 PRIMT"SEIDEL ABERRATIONS FOR TMO RSPHERICS AND MIN S1+S52+55 ARE®
4228 LET BL=S2+SS5+ASx{(L/2) #KtHxHxhl/ C2#F¥F) +B#(L/2) #22xK)
4238 LET B2=S2+S5+A6#((LA2) #KkHuHM/ (2HF#F ) +B{LA2) #xT2K)
4248 IF M<>1 THEN 4278
4258 LET A9==S2/(RE*{RS+ESEERI)
4268 GO TO 4288
4278 LET R2=AS~{(EL*{(AS-AE))(BLi-B2)
. 4288 LET Ei= Sl+(HH4z(4*F*»?))*-’M*w*ﬂiﬂﬁﬁ‘)+&6*ﬁ°*€a?

4296 LET E2=S1+(H##d/ (4xFaaT) Il MesIxAZ+K+AZ) +RE#AFHQ7

4388 LET A4=R1-(Eix{Ai- 82))f<51 E2)

4310 GOSUB 4868 :

4228 GO TO 5308

4238 LET Ad4=-1

4248 IF 0$="YES" THEM 4386

43258 LET A4=9 '

4368 PRINT"SEIDEL ABERRATIONS FOR A SPHERICAL PRIMARY AND MIN S2+53I+55 ARE™
4378 GO TD 43298

4328 PRINT"SEIDEL AEERRATIONS FOR A PARAEOLIC PRIMARY AND MIN S2+53+55 BRE™
4298 LET G={LAZd#K#H*H*N/(2#FeF) +(L/2) wx 2ok rhlsl/ F+Bw (L 2) wxEeK i
4489 LET B1i=52+52+S5+G6#AS

‘4418 LET G2=S2+53+S5+G#A6

4428 IF M<C>L THEN 4458



4988
4990
5a606
Sa18
5828
agza
5048
3858

48

LET RA9=(=S2=53) A CQEH( NG +NSanz FGISERT) )
GO TO 44¢8
LET AZ=AS-CGLH(AS-RE))/{GL~GEY
GOSUE 48686
60 TO Sz00 : o :
FRINT"SEIDEL HEEFFHTIUN FOR THO ASFHERICS AND MIN S4+SI+55 RRE"
LET Bi=SI+S0+ASH( (L2 k28 lkN/F+Ea{L A2 kTR K)
LET B2=S3+SS+AE+((LAZ) #2hl0b Nl AP +ER (LAY 020K
IF MC>1 THEN 4546 .
LET AS=-SXA(REs{0Se 2 +05hxTY )
GO TO 453586 ’
LET RZ=AG-(BL*x(AS-REI)A{EBL~-E2)
LET Ei1=S1+(H##d (4d:FexI) I MrsIafl+efAZ) +QELASR0T
LET EZ2=Si+(He#d/(dxFheL) ) {MeaTeA2+FAZ) +AEHATERT
LET A4=AS~-(ELi+{(AS-AEYX(EL-E2)
GOSUR 4868
GO TO Sz006 ’ ’
FRINTYSEIDEL AEERRATIONS FGR A SPHERICAL FPRIMARY AND MIN S1+S52+S5 AREY
LET RA4=d
LET Ei S1+S2+ETHASHCKFHE R/ CARFadId + (L 2) # el A CZHF#F Y +ERC{L/2) 22T %KD
LET E2=q1+‘2+EE+HE*(k*H**4’(4*F**f)+(L/=)»h*H*HﬂH/( FRFY+E#(LAZ) Bh3EK)
IF M{>1 THEN 46884 P
LET AS=(-S1-S2)/(REx{(L+QT+HTw%2T))
IF Gg="NO" THEN 4716
LET Rq—-qu(UE*(1+05+Q5*#*))
IF Q$="YES" THEN 4@a6
IF M=1 THENM 4710
LET AXZ=AS~(EL#(AS<RE)I/C(EL-EZ)
GOSUB 4860
G0 TO 53@6
FRINTUSEIDEL REBERRATIONS FOR A SPHERICAL PRIMARY AND MIN S4+S3+55 RREY
LET RA4=8 ) . .
LET EL=S4+S3+SS+AGR(K¥Hexd/(dpeFan) + (L2 dn2n ol /F +Ba(LAZY #2IHK)
LET E2=S4+SE+S5+RGR{KeHIRd A (4P hnId + (L2 k2N AF +Be (LA2) 23K
IF M<C>4 THEN 4&1@ ) '
LET A9=(-S1-S3)/(RE+{L+Q5E+2+Q54%2))
IF ag="NO" THEN 4&48&
LET AS=~SI A RE#{L+RS#b2+0G#83))
IF O¢="yES" THEN 958
IF M=4 THEM 4&48
LET A3=AS-<E1#(AS~AE&IIACEL-E2)
GOQSUE 4868
GO TO 5266
LET Si=S1+(Hetd/ (4xF ) e bnInfd+ AT +0E6+RI%R7
PRINTHPCONIC CON. 4", "CONIC CON. 2", "ASFHERIC CON. 22¢
FRINT A4, AZ, AS
PRINT'I!SiII Ilq" () "S:‘:"} I|S4“' Ilc#ll
LET,52=52+(H*H»M/(2$F*F))*(Lf”)#L*H7+USﬂOb»H9
LET SE=SI+ (Wl F) (LA R #Zu AT +GSkn2uGERAT
LET SS=SS+Ex(L/2) %+ IxsAZHAGHRIE cne.»e ﬁq
CPRINT cil'&lq? S4, 55
RETURN
DIM YL25), UC2S), 2¢25), ¥(2
FOR I=4 TO S
LET CCIX=T(1)=84
LET N(I>=4
NEXT I .
LET Z<¢4)=~D#iELB/F
LET Z{2)=¥Y{(415=0Q
LET T<¢4)=1Ei0
LET ¥<(2)=H
PRINT "GQURF", "CURVATURE", "INDEX", "THICKNESS®
FOR I=4 TO &



b9

5068 LET C(z)=C%

5878 LET C<4)=(C2

@888 LET T<(2)=@

5698 LET H(Z)=-i

5188 LET T(3)=~D1

51i@ LET T<(4r=D2

5128  PRINT I-4,C(I),NCI), TCID

G428 NEKT I )
5448 PRINT "“SURF"“, "AXIAL '¥", "AXIAL U", "CHIEF ¥*, "CHIEF U
G158 LET UCLY=¥(2)/T{1>

S168 LET W(1)=(Z{2)-2C4))2/T(L)

SI76  PRINT @ ¥(4O, UCL), ¢4, W1

5188 FOR I=1 TO & i

5498  IF NCI+i)=8 THEN 3248

52868 LET K=NCIXANCTI+4D

‘5218 LET Y(I+10=Y{I)+T{Id)#UCI)

52268 LET ZLI+10=2(IX+TLI)#¥(CID

5238 IF H(I+1>=G THEN Szga

5248 LET UCI+L)=s#UCI)=¢1- V)#?(I+1)*C(I+i)

S258  LET Y(I+LO=K#V(I)-{a-KI)#Z{I+10+0{I+1)

J2668 FPRINT I;?(I+i).U(I+1),Z(I+i).U(I+1)

G278 MEKT I

5286 - FRINT I,¥(I+i), U(I):L(I+1) V(I

5298 RETURN

52868 PRINT"DO YOU WANT A DIFFEPENT COMEBINATION OF REERRATIONS MINIMIZED 2
5318 INPUT Of

5328 IF O¢="NO" THEN SZz6@

5338 LET A4=RZ=A9=0

5248 LET J=41

' 535@ G0 TD S7e ’ - :
5368 PRINT"DG YOU WANT ANY OF THE STARTING VALUES (H.F, M, L, D) CHANGED ?°
5378 INFUT O$ ' )

5388 IF O4="YES" THEN 28

5288 LET Ed=CL#H#H/(L+SQR(L~{L+A4) #CL=CLxHEHI D

5480 PRINT"THE TOTAL SURFACE DEPTH AT THE EDGE OF THE PRIHHR? IS"; EL
5448 LET E2=EL4-CisH#HA ACL+SRR{L-CAnCLEHEHD )

G428 PRINT"THE ASFPHERIC DEFTH AT THE EDGE OF THE PRIMARY IS“, E2

54320 IF C2=8 THEN S45@

S448 LET EI=C2#R*R/ACL+SHR(L-CL+AZI #EZH0C2ERERD D

545@8 PRINT"THE TOTAL SURFACE DEPTH AT THE EDGE OF THE SECONDRARY IS™, EX
5468 LET Ed4=EX-C2#ReR/(L+SQRIL-C2HC2HRERD )

5478 PRINT"THE ARSFHERIC DEFTH AT THE EDGE OF THE SECONDARY IS*, E4

3488 GO TO S&54@

5488 LET ES=AS#R+xd

‘8588 PRINT“THE TOTAL SURFACE DEFTH AT THE EDGE OF THE SECOMDARY IS™, ES
9948 LET Ji=2.95

G528 LET U=sD+({lZ-D4Ldn{(R~DI>/D2 )

5528 PRINT“"THE INSIDE RADIUS OF THE FPRIMARY IS®, U

5548 PRINT"THE VERTEX THICGKMNESS OF THE ERIMHR? IS, Hrla

5558 FRINT"THE YERTEK THICKNESS OF THE SECONDARRY IS, RA1@

. 5568 LET Yi=(CiwH#*4%3, 14159?/4)*(1+°1H*H*Ci*&i#(1+ﬁ4)/16+9*H**4*Ci**4*

(1+ﬁ4)**2/“2)
5570 LET ¥2=Z2. 14459%+HwxZ/16
5588 LET ¥3=(CLisUswds3, 141592/4)*(“%11&U#Ci#ti*(imw/ibww#*4*61**4*
CCL+R4D>%22/22) .
G888 LET V4=3.141593sU+»3/18
S688 LET V5=(C2#R*#4#3 144592/4) (L +F:RuR#C2402%(4+RII/LE+OR*x4202% %42
(L+R2I*%2732)
3618 LET P2=-3#EL/8 »
5620 LET PI=-5*EX/8 ’
5638 LET FE=(Y2-V4)sH 2B+ (P2+HALE) (Y 1-YI) +{(DL+HALB+FI) VS
. 9648 LET PiiP8+<Di+Hﬁia+EE+R/28>*3;141593*&**3/13
"B658 LET P4=PL/¢V1+V2-¥I-¢4+V5)



FRINT"THE CENTER OF MASS AS MEASURED FROM THE REAR OF THEY
FRINT"FEIMARY ALONG THE OFTIC AKIS IS " P4
PRINTUDENOTE THE UNITS ON THE INPUT VHLUE : INCHES BY 2. 54, "
?ﬁgzI"MILLIMETEPC BY 8.1, CENTIMETERE EY 1, METERS BY iga®

* z
LET PO=JlaZasIa(Y1+V2~-YI-V4+¥E) -
FREINT "THE TOTAL WEIGHT IN GRAMS 1S, PS
LET PO=(V2-Y4)#(P4-H /2B 42+ Y1-YID#(Pd-H AMB-FZ) #22+

SH(DL+PI+HALB-P4 I %%2

LET FE=F9+(3) 14155 #R#%2 10 #{ DL +H/LA+EZ+R/EQ-F4) k2

- LET PPaP&eJLiaZwnl

50

FRINTYTHE MOMENT OF INERTIA <IN GM. (UNITS)+%2)FOR THE SYSTEHM IS, P?

FRINT"DO YOU MANT TO RUN THIS CASSEGRAIN ON ACOSS 70
INPUT 0% . -
IF 0$="NO" THEN €278 :
PRINT*GIVE THE LENS A NAME"
INFUT Fi$
FILE#L, "ACOSS. CDCY
SCRATCHEL _
PRINTE1, *ZDRG, BNO792762%, CHT6299, T42, RE42. °
FRINTZL, "ATTRCH(HACRD, HACROPL, ID=HITEH) ®
PRINT#L, "ATTRCH(LEKLIB, LENLIRFL, ID=HITCH)®
PRINTEL, *ATTREHCACOSLIB, RCOSLIE, ID=HITCH)"
PRINTEL, *LIERARY (RCOSLIB)®
PRINTE#L, *RODT.
PRINTIL, "CALL TODEC(JOB=ZDRO.PPH=FSRXX, KXXXXS, PH=RARRAY
PRINTH#1, "KILL, .
PRINT#1, CHR$(26)
PRINTH#1, "CSS NOSAYE®
FRINTH#1, "TRAF ON®
FRINT#1, "CES ECHQOY
PRINT#1, "LENS"
PRINTHL, "LI, "; A%
FRINT#1, "SAY, "; H
FRINT#1, "SCY, *; Z¢4)
PRINTHL, "TH, "; T(1)
PRINTH#1, "RIR"
FRINT#1, “AIR®
FRINTH#1, "COBS, *; R
PRINT#1, "ASTOP EN®
PRINT#1, "REFG®
FRINTH#1, "CV¥, "; C1L
FRINT#4, "CC, "; A4
PRINTH#L, "TH, *; ~Dd
PRINT#4, "REFL"
PRINTEL, “CY¥, *; C2
FRINT#1, "CC, “; AZ
FRINT#1, "ASPH, "; A9
PRINTHL, "TH, "; D2
PRINT#4, "REFL"
FRINTEL, "PY, "; @
PRINTH#1, "RIR"
PRINT#1, "EQS®

i FRINTH#4, "0CDY"

PRINTH#4, "PXTY ALL®

FRINT#1, "MAEZX ALL®

PRINT#1, "LENQ"

FRINT#4, "EXIT"

FRINTH#L, CHR$C(ZED

FRINT*TYFPE THE COMMAND o MONITOR...." :
FRINT"THEN TYPE THE COMMAND -<--TOCDC ACOSE CDCrr—=—- "

FRINT*AND THE ACOSS COUTFUT WILL EBE PLACED IN THE DEC 1@ FILE AS OUTPU

END

Tll



APPENDIX B
SECOND DESIGN RUN

This is the run which was used to obtain the values for
Table 3. It is included for those who may be interested in the

 behavior of other aplanat properties as L is changed.
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THE UNITS ON THE FOLLONING CRLCULATED VALUES HILL BE THE

SAME AS THE URITS QN ¥OUR INPUT VALUES
NHAT IS THE APERTURE HEIGHT?
7?58 ’
RHAT IS THE IMAGE HEIGHT?
?16 ‘ B
NHAT IS THE FOCRL LENGTH?
?i0a0 .
HHAT IS THE MAGNIFICRTION QOF THE SECONDARRY ?
?S ' .
WHAT IS THE RATIOD OF THE HMIRROR SEPRRATION TO
THE IMAGE DISTANGE FROM THE SECONDARY

2.4 - ,
H F i . L

58 ie8e 5 : a. i
15T PONER ZND POWER SEPARATION B FOCAL DIST
8. 285 -6. 806 6. GGET 666. 667
CURVATURE 4  CURVATURE 2  PRIMARY FB SECONDARY Fi
-8. 6825 -8. @03 2 . 2.43098
RADIUS OF SECONDARY

foll
S4 PETZVAL RADIUS

8. 28025 -1@88.

IS THE PETZVAL RADIUS TOO SHALL 2

?NO : -
SURF - CURVATURE INDEX THICKNESS

B © B . 1 _ 1. BAOGOE+18

1 8 B! 4 8

2 -8. 8025 -1 -€6. 6667

3 -8. 883 1 666. 667

4 . - @ + . - @

URF ARIAL ¥ AXIAL U CHIEF ¥

8 B 5. GEAGEE~9 -1B800000@

ol 58. 5. 606BEE-3 B

2 58. ©@a.25 8

2 32,2333 -5, QHAHBE~2 B. 666667

4 2. 81476E-6 -5. GEGGAE~2 18

5 3. 81470E-€ -5 GHABOE-2 18

THE SEIDEL RBERRATIONS FOR EOTH SURFACES SPHERICAL ARE
si 82 52 S4
4.52425E-2  -@. 8B2625 2, sEaaaE-4 8. 68625

HOW MANY ABERRATIONS MINIMIZED :54,52,53,55
?2

52

i8

CHIEF U
8. 94
8. 61

-B. 81
8. 814
8. 614
8. 814

55
-4.328808E~-3

HMHICH THO MINIMIZED? DENOTE S1+52 BY 1. S4+52 BY 2, S41+53 BY 3

€2+5% BY 4, 52+55 BY 5, S32+55 BY &

?1 :

DO YOoU HANT THE PRIMARY PRARABOLIC ?

7HO ,

CAN BOTH SURFACES BE ASPHERIC ?

?2YES .

SEIDEL AEERRATIONS FOR THO RSFHERICS AND MIN S1+52 ARE
CCONIC CON. 4 CONIC CON.2  ASPHERIC COM. 2

-1.16 -2.71875 ]

51 52 - 83 s4
-4, 65661E-3 2, 91B38E-14 I, €2588E-4 8. agezs

o]
~4.17588E-5

DO YOU MANT A DIFFERENT COMBINATION OF ABRERRATIONS MINIMIZED ?

?N0

DO YDU WANT ANY OF THE STRRTING VALUES (H,F, M, L, D) CHANGED ?

?7YES
WHAT IS THE APERTURE HEIGHT?
758 .



MHAT 15 THE IHAGE HEIGHT?

?46

WHART IS THE FOCRL LENGTH?

?iE60

HHAT IS THE MAGNIFI

[ A
?25

CATION OF THE SECONDARY %

WHAT IS THE RATIOD OF THE MIRROR SEFARATION TO

THE TMRGE DISTANCE FE

HOW MANY ABERRATIONS MININMIZED

7?2

01 THE SECONDARY

M

5o
SEFARATION
104
PRIMARY F#

“

CCINDES

i

1
-i

i

1 :
AXIAL U

5. BOOGRE-9
S. oEGABE-9
B. 2%

-5, peaaaE-~-2
-3 ggoo@E-2
~-3. BOGEE-2
§3

2. 7eaaaE-4

2.2
H F
58 ‘ - i@ea
1ST POMER ZND POMER
8. 605 -0, 208
CURVATURE 41- CURYATURE 2
-@. 8025 -@. BA4
RADIUS OF SECONDARY
26 :
s4 PETZVAL RADIUS
7.5@8BASE-4  -IIT. II2 ,
IS THE FETZVAL RADIUS TOO SMALL 7
2ND '
SURF CURVATURE
@ @
i 8
2 -@. 8825
3 -@. 804
4 @ .
SURF ARIAL ¥
8 @
1 58.
2 sa.
2 2s.
4 5. BEE79E-6
5 S. 6BETSE-6
S1 v s2
8. 284256-2  -@. @E5425

L

@ 2

B FOCAL DIST
s@6
SECONDARY
2.48385

Fi#

THICKNESS
1. apeaakE+4in
o

~iga
Goa
@

CHIEF ¢

~lagacaaoe
a
a

i
ia.
ia.

THE SEIDEL ABERRATIOMS FOR BOTH SURFACES SPHERICAL ARE

sS4
7. SHAGAE-4

184,852,583, 85

ia

CHIEF U

a. 81

a. a4

~-a. a1

. &@peaE-2
. B@BAAE-2
. EQQaRE~-2

T

n
\oon

. S2668E-5

KHICH THO MINIWMIZED? DENOTE S4+52 EY 1, S1+58% BY 2, Si+55 BY X

S2+53 BY 4
?4 C

DO YOU WANT THE PRIMARY

?HO

S2+85 BY 5,

SX+55 BY &

FRARARGLIC ?

CAN BOTH.SURFACES BE RSPHERIC ?

TYES

SEIDEL ABERRATIONS FOR

CONIC CON. 1
-1.98
51
~1. 86265E=9
DO YOU MANT
2N0
PO ¥OU WANT
PYES
WHART 1§
258
HHAT IS
. 918
NHAT IS
21@@8@
MHRT IS
25

THE
THE
THE

THE

A

THO
CONIC CON. 2
-2. 5625

52
-2.918%8E-16

ASFHERICS ANC

ASPHERIC

=)

s

4. 7SaBEE-4

HIN
CON. 2

S1+52 ARE

S4
7. SHABAE-4

S5
-&. 7HOBBE-5

DIFFERENT COMBINATION OF ABERRATIONS MINIHMIZED ¢

ANY OF THE STARTING VALUES (H,F, M, L, D) CHANGED ?

RPERTURE HEIGHT?

fHHGE HEIGHT?

FOCAL LENGTH?

MAGNIFICATION OF THE SECONDARY

?
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WHRT IS THE RATIO OF THE MIRROR CEPHPHTIUQ TO
THE IMAGE DISTANCE FROWM THE SECONDRRY

2.4
H OF - R , L
58 ~ tee@ S . 4
15T PONER ZND FOWER SEFRRATION : FOCAL DIST
8. 805 -6, 612 133 Z3IX ITIEEET
CURVATURE 4  CURYATURE 2  FRIMARY F# SECONDARY F#
-@. 8825 -@. 686 b 2. 31481
RAGIUS OF SECONDARY
18
S84 - FETZVAL RADIUS
8. 86175 -142. 857
1S THE PETZVAL RADIUS TGO SMALL 7
PHLO
SURF CURVATURE INDEY THICKNESS
2 a S | 1. BOARBE+LE
1 8 : i @
2 -8. 0825 -1 -132. 233
2 -6. 886 1 IIZ. IIZ
4 a 1 @
SURF AXIAL ¢ AKXIAL U CHIEF v
8 8 5. @EO0GE~S  -i6QEG00G8
1 58. _ 5. BEEARE-9 @
2 58. - 8. 25 a
2 16. 6667 -5. BEAEEE-2 i. TTIIZ
4 4. 491575-5 -5. 6ABEBE-2 ig
5 4. 29453E -5, BAEEEE-2 ig
THE SEIDEL AEERRATIONS FDR EOTH SURFACES SPHERICAL- ARE
T.s1 .§2 (3 S4
8. 4282432 -8. AB6625 1. 76060E-4 8. BaL7vs

HOW MANY ABERRATIONS WINIMIZED  :51,52, §%,S%
2?2 :

- MHICH THO MINIMIZED? DENOTE S1+52 BY 1, G4+S% BY 2, S1+

S2+5% BY 4, S2+55 BY S5, S3+55 BY €

?1 : .
- DO ¥YOU MANT THE PRIMARY FARAEROLIC 7

?HO '

CAN BQTH SURFACES BE ASFHERIC 7

?YES

SEIDEL REBERRATIONS FOR THO RASPHERICS RAND MIN S1+52 ARE
CONIC CON. i CONIC CON. 2 ASFHERIC CONM. 2

-1. 84 -2. 48438 B
€1 52 52 4
) 5.82677E-11 7. BRGAEE-4 B. @817S

[0 YOU WANT A DIFFERENT COMBINATION OF REERRATIONS MINIHWHIZED ?

ia

CHIEF U

a.
8.
-@.

o

&8

8

EI.

g

.8
. a
. B

-

~&. S

SS B

S&

~-@.

¥

@

2N .
DO YOU NANT RNY OF THE STARTING YALUES (H,F, M, L,D> CHRNGED ?
PYES )
MHAT IS THE APERTURE HEIGHT?
256 :
MHAT IS THE IMAGE HEIGHT?
218
NHAT IS THE FOCAL LENGTH?
71606
‘HHAT 15 THE MAGHIFICATION OF THE SECONDARY ?
?5

WHAT IS THE RATIO OF THE MIRROR SEPARATION TO
THE IHAGE DISTANCE FROM THE SECONDARY

?. 6 .

H F i L
kL 1808 5 8.6

i@

i
1
i
26
26
26

g40aE-4

k9

@gaigs
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IST

F#

+1@

CHIEF U
@

L 4BEaeE~2
. 480860E~-2
. 4pa00E-~-2

[}
WIW D O

n
(L}

-4, BI2GBE-4

Si+50 EBY

[

1ST POMER 2ND POMER SEFARATION B FOCAL O
8. 885 -@. 816 . i5@ 258

CURYATURE 4  CURVATURE 2 PRIMARY F# SECONDARY

-@8. 8825 -8. @08 2 2. 23214

RADIUS OF SECONDARY
14 :

54 FETZVAL RADIUS
8. 88275 -98. 9891

IS5 THE PETZVAL RADIUS TOO SMALL ?

?NT ,

SURF CURVATURE INDEX TRICKNESS
a - @ 1 L. BEBEAE
1 @ 1 @

2 -@. 8825 -1 ~158@
z -0. @88 1 250
4 ] 1 @

SURF ARIAL ¥ AXIAL U CHIEF ¢
@ 2 5, QEEEEE-9  -1BGEEAAE
1 sa. S. BEGEARE-9 @

z ‘s8. g. 25 @
k: 12. 5 , ,—s.e@a@as-z 1.5
4 5. 36442E~6 -5, 06GAOE- 18,
5 5 IE4H42E-6 -5 noaEHE-2 16,

THE SEIDEL ABERRATIONS FOR BOTH SURFACES SPHERICAL ARE

s1 s2 (8% S4
0. 1398632 -@. 087375 4. BEAGBE-S 8. BEZ7S

HOW MANY ABERRATIONS MININMIZED :S1, 52, 53,55
?2 : .

MHICH TWO MINIWIZED? DENOTE S4+52 BY 4, S1+S% BY 2,

S2+52 BY 4, S2+55 BY S, 53+S5. BY 6
21

DO YOU WANT THE.PRIMARY PARAEOLIC 2
2NO :

CAN EOTH SURFACES EBE ASFHERI

- 51

RADIUS OF SECONDARY

11. 6

c2

?YES
SEIDEL ABERRATIONS FOR TWO RSPHERICS AND MIN Si+52
CONIC CON. 1 CONIC CON. 2 ASFHERIC COM. 2
~4. BR2667 -2. 43833 . 8
&2 3 S4
i. 3BZE5E-8 ~1.16445E-1G & 25HOGE-4 @, 6275
L0 YOU WANT R DIFFERENT COMBINARTIONM OF ABERRATIONS
?ND :
PO YOU WANT ANY OF THE STARTING VALUES (H,F, M, L, I
?YES : ,
MHRT IS THE AFPERTURE HEIGHT? \
758 .
‘HWHAT IS THE IMAGE HEIGHT?
2@ ‘ .
KHHAT IS THE FOCAL LENGTH?
Pap4a0
MHAT IS THE MAGNIFICATION OF THE SECONDARY 7
?5
NHAT IS THE RATIO OF THE MIREOR SEFARATION TO
THE IMAGE DISTHNCE FROM THE SECONDARY
2.8
H F H L
51] i0a6a 5 a8 '
15T POWER 2ND PONER SEPARRTION BE FOCRL D
a. 885 -@. a2 1€@ 200
CURVYATURE 1 CURVATURE 2 PRIMARY F# SECONDARY
~B. B8@25 -g. 04 2 2. 15517

ARE

.n

—7 greasE~-4
HINIMIZED ?

CHANGED ?

16
1T

Fi

55



54

FETZVAL RADIUS

HON MANY RAREBERRATIONS MINIMIZED

?e

. @. 88375 ~G6. 6EET
1S THE PETZVAL RADIUS TOO SMALL ?
7N@ .
SURF CURVATURE INDEX
) B 1
1 2 1
2 -8, 8E25 -1
2 -a. 01 i
4 @ 1
SURF ANIAL Y AXIAL U
6 @ 5. RRABRE=9
1 5a. 5. AAEAAE-S
2 s@. 8. 25
z 18. : -5, BEAGEHE-2
4 5. 24521E-6  ~5. GRGEGE-Z
5 5. 24524E-6 -5, GBABAE-2
THE SEIDEL REERRATIONS FOR EOTH SURFACES
s1 52 g3
. 158312 -7.82500E-3 =1, GZOEEE-4

:84, 82, 8

" MHICH THO MINIWIZED? DENQTE Si+&2 BY 4,

S2+5% BY 4,
?1
Lo
2NO

vYou WANT

S2+S83 BY &

THE PRINARY

CRN BOTH SURFHCES BE ASFHERIC

?YES

SEIDEL ARERRATIONS FOR

CONIC CON. 1

©o-1.82

51

-1.14759E-8

pO- YOU NANT
7HD
PO YOU WANT
L 2YES
MHAT 1S
75@
MHAT IS
248
MHAT 1§
21868
MHRT IS
?5
WHAT 1§

THE

THE

THE
THE

?1

H

5e

18T POMER
8.8835
CURVATURE 1
-8. 80825

THE'

CONIC CON. 2
-2. 44531

s2

~4, 65661E~-10

A DIFFERENT COMBINATION OF RABERRATIONS

ANY
AFERTURE HEIGHT?
IMAGE HEIGHT?

FOCAL LENGTH?

ASFHERIC CON. 2

a
S

?

S3+55 BY €

FARAROLIC ?

1. 14@@@E~c

THO ASFHERICS AND MIN

THICKNESS
1. BAGEBE+1D
@
-166
2@
a R
CHIEF ¢ EHIEF U
-i@apEeans @ @i
@ : a. a4
@ -9 84
1.6 4. ZOBRBE-2
16. 4, ZEEEHE~Z
1@, 4, ZORAAE-2
SPHERICAL ARE
s4 s5
@, BEZTS -6. ¥2326E-4
) 55
A .
S1+83% BY 2, S4+8% BY T
S1+52 ARE
S4 &5
6. q@I7s -4, 22B6HE-4

MINIHMIZED ?

OF THE STARTING VALUES <H, F,H, L, D) CHANGED 7

MAGNIFICATION OF THE SECONDRARY ?

RATIO OF THE MIRROR SEFARATION TO
THE THMAGE DISTANCE FROH THE

F
. 1000
2ND POMER
Cep. 624
CURMATURE 2
-9. 812

RADIUS OF SECOMNDARY

ia
S4
8. 88473

PETZVYAL RADPIUS
-52. 6346

SECONDARY

i

S

SEFRRATION
166, €67

PRIMARY

2

F#

1S THE PETZVAL RADIUS TOO SHMALL ?

?NO

L D

i ig
B FOCAL DIST

1€66. 667
SECONDARY
2. 883132

F#



?YES

SEIDEL ABERRATIONS FOR

CCONIC CON. 1

CONIC CON. 2

c?

2]

1. ZPSREE~-Z

s

i~

THICKHNESS

SURF CURVATURE INDEY
a ] 1. 1. GGOREE+LA -
i 8 1 ]
2 -g. 8625 -1 ~1€6. 667
2 -p. 812 i 166. 667
4 a . 1 8
SURF AXIAL ¥ AXIAL U CHIEF ¢
8 ] ‘ 5. BAEAGE-S -1LAAEAREA0
i 5a, 5. 8HO6BE-9 @
- 5Q. @. 25. @
x 8. 23333 -5. ahaaeE~2 1. CEEET
4 5. 9ER4EE-6 -5 GORBOE-2 10,
5 . 5. 8E@4EE-6 -5. BOAERE~2 1@,
THE SEIDEL REERFATIONS FOR BOTH SURFACES SFHERICAL ARE
&1 g2 - sz a4
B. 157842 -0. AE8L25 ~-f. BREZS @, ag47s
HON MANY REERRATIONS HINIMIZED :S1, §2,5%, &5
22
MHICH THO MINIMIZED? DENOTE S1+S2 BY 4, S4+53 BY 2, S1+§
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DD YOU WANT THE PRIMARY PARAROLIC 7
N0 '
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In Fig.

where K is

boundary is:

The

APPENDIX C

CALCULATION OF PHYSICAL PARAMETERS

16,

1

"H+KT

1

(1

the conic constant,

zZ =

volume

Oa

and the side boundary is:

is then
(H2-y2)5

H

Fig.

16.

the upper boundary is given by:

- (I+K)c2(x2 + y2))

and c is the curvature.

X2 + y2

z = (12)

Volume under Aspheric.

60

The lower

H2

(12)



61
Usfng the expansion in zv
' - —12- '=V - i - }—i 3x3 .
(] X’)v ‘ 1 5 ) + —Eg— +

we get:

Vo= k4 f .J | c(x2ty?) (1+K)c?éx?+y?)2

dx dy .

o 301+K) 25 (x2+y2) 3
1K) e _

Evaluating this integral using the substitutions: vy = H sin 6,

nof=+

dy = H cos® d6, (H?-y2)® = H cos 6, various trigonometric multiangle

L
2

identities, and the indefinite integral tables involving (a%-x2)Z we

end up with:

y o St 9HS(+K)c3m . 9(1+K)2cSHSr
L 64 128

Centroid Approximations

The vertex thickness of the mirror is its height divided by ten.
The centroia ofvthe aspheric portion of the primary mirror is located
(3/8) of thé total surface depth (E1) from the vertex of the surface.
The.centroid of the aspheric porfion of the secondary mirror is chated
(5/8) of the total surface depth (E3) from the vertex of the surface.
éee Fig. 16 for an expianation of theAquantities used in statement 5650
of the program (the center of mass calculation). See Fig. 17)for the

sign convention for the total and aspheric depths.



E4

Primary
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R/10
El Ay
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Fig. 17. Physical Dimensions.
Aspheric Depth
Spherical Depth— *
Sign Convention
(-)< h ()
Total Depth
Secondary Primary
Mirror Mirror
Fig. 18. Aspheric Depths.
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